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Abstract

In the northern hardwood forest of New Bnmswick, industrial forest management affects 

within-stand vegetation and the landscape structure of the forest mosaic. Understanding 

the effects of industrial forestry on songbird populations requires the investigation of 

songbird reproductive success, in addition to abundance, on a landscape scale (i.e., in a 

mosaic of forest stands). I present a method to efficiently assess the reproductive success 

o f  multiple songbird species across a  large area (e.g., > 300 ha). The method uses 

systematic playbacks o f a recording o f black-capped chickadee {Poecile atricapilla) 

mobbing calls to attract species to an observer. Once birds are attracted to the observer, 

reproduction-related activities can be recorded to infer successful pairing, hatching, or 

fledging. Trends in reproductive activity o f two focal species obtained using this method 

were similar to their actual reproductive success as measured using intensive nest 

monitoring in the same locations. I studied the mobbing response of forest birds at 

different times of the year and in the presence or absence o f potential avian predators. 

Mean duration of mobbing time was significantly longer when confronted with potential 

predators, but mobbing intensity was not significantly different. Mobbing group size and 

overall intensity were greatest early in the breeding season before the initiation of egg 

laying. I concluded that the variability in avian anti-predator mobbing is based on the 

proximate (individual safety) and ultimate (safety of offspring) risks o f participation. I 

explored the relationship between reproductive activity and songbird abundance using 

Spearman correlation coefficients. Reproductive activity and songbird abimdance were 

not significantly correlated in 56% o f the comparisons (9 o f 16). The lack of a consistent 

relationship emphasizes the importance o f studying fitness parameters in addition to



abundance or density. I then used canonical correspondence analysis to assess the 

relationship between forest management and reproductive activity of eight species of 

forest birds (Vireonidae, Paridae, and Parulidae) in three study grids of varying 

silvicultural intensity. I predicted landscape effects would become significant as 

silvicultural intensity increased. Reproductive activity, local vegetation, and landscape 

structure data were collected on one 6 x 8  systematic grid and two 8 x 8  systematic grids 

with stations spaced 250 m apart. Basal area of American beech (Fagus grandifolid) and 

sugar maple {Acer saccharum) within 100 m of the sample locations were the most 

significant variables associated with reproductive activity on two of the three study grids 

(most and least intensively managed). In the third study grid (moderately managed), the 

amount of tolerant hardwood forest within 1 km of the sampling locations was most 

significant. The relatively minor effect o f landscape structure probably reflects the high 

proportion o f suitable habitat remaining in the study area. Landscape effects on songbird 

populations may become more important if  the proportion of suitable habitat declines.
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Chapter 1. General Introduction.

The impact o f human activity on the landscape is apparent within the industrial 

forests of New Brunswick. With nearly 85% of the Provincial landscape covered by 

forest, products from the industrial forests play a major role in the economy of the region. 

The forest products industry in New Brunswick was responsible for about 19,000 jobs 

and nearly $2.6 billion in exports in 1999 (Canadian Forest Service 2000). Harvest 

volume in 1998 alone was 11.5 million m^ (or 112,436 ha harvested) (Canadian Forest 

Service 2000). A long history of an economy relying on forest products has left a 

landscape with very few places untouched by the activities of timber harvesting. 

Continued economic pressure on the forest requires us to understand how these 

harvesting practices are affecting ecological processes such as the population dynamics 

o f forest birds. Birds are a diverse and highly visible component o f forest ecosystems. 

Associations with virtually every stratum and development stage o f the forest make birds 

a useful tool to study the effects o f forest management on ecological processes. This 

research investigates the response o f forest birds to landscape patterns created by the 

harvesting and regeneration o f forest stands.

The effects o f changes in within-stand (local) forest structure on songbird 

populations have been well documented (Crawford et al. 1981, Thompson et al. 1995, 

Hagan et al. 1997). The importance of across-stand (or landscape-scale) effects on 

ecological processes has received increasing attention recently (Dunning et al. 1992, 

Probst and Weinrich 1993, Taylor et al. 1993, Villard et al. 1993, 1995, Bowman et al. 

2000). The spatial arrangement of forest stands, along with the relative area o f each 

stand type, are collectively known as landscape structure (Dunning et al. 1992). Changes



in landscape structure can influence forest songbird populations through mechanisms 

such as facilitating predator access to nests, reducing landscape connectivity, and loss of 

habitat (Andrén 1994).

This thesis is presented in Articles format. Section I presents a new method to 

assess the effects o f forest management on the reproductive success o f a species 

assemblage o f forest birds. Most o f the past research into the effects o f forest 

management on songbirds has focused on abundance or density as the indicators of 

species response. Simply measuring abundance may not reflect the true effects of 

management activities on songbird populations (Van Home 1983, Vickery et al. 1992a, 

Hagan et al. 1996). When studies have considered reproductive success, the scope of the 

research has generally been restricted to the local scale (Annand and Thompson 1997, 

King and DeGraaf 2000), not on a landscape scale. The direct assessment of 

reproductive success (e.g., nest location and monitoring) for many species across a large 

area would be prohibitively expensive and logistically difficuh.

Chapter Two, Playbacks o f  mobbing calls o f  black-capped chickadees as a 

method to estimate reproductive activity o f  forest birds, presents a new method (the 

“mobbing playback method”) that uses the inherent behavior o f many species of forest 

birds to mob predators, and thus make themselves more visible to observers. The 

observation o f males and females together (pairs) and behaviors related to reproduction 

(e.g., carrying nesting material or food for nestlings or fledglings) gives a quick 

indication o f the reproductive status o f individuals at a given sampling location. The 

concept o f the method was inspired from two sources: (1) gap crossing experiments in 

Québec (Desrochers and Harmon 1997), where the playback of a recording o f black-



capped chickadee {Poecile atricapilla) mobbing calls was used to attract birds to assess 

their willingness to cross gaps of different widths; (2) a reproductive index developed for 

grassland birds in Maine, where the reproductive status of focal birds was ranked 

according to the different stages o f reproduction observed (Vickery et al. 1992b). The 

relative precision of the mobbing playback method was assessed with the assistance o f J. 

Bourque, who monitored territories or nests of two forest songbird species, which 

allowed the comparison of the results of both methods. The mobbing playback method 

ultimately measures tlie reproductive activity of individuals at a sampling station, which 

is a reflection of the actual reproductive output.

Chapter Three, Factors influencing the variability o f  anti-predator mobbing behavior in 

forest birds, continues with the development o f the mobbing playback method by 

investigating the factors that influence the participation in anti-predator mobbing 

throughout the spring, summer and autunm. Understanding anti-predator mobbing 

behavior is essential to the interpretation o f the reproductive success data derived from 

the mobbing playback method. The implications o f the results from Chapter Two on the 

use o f the mobbing playback method will be discussed in Chapter Six, Mobbing playback 

method synthesis and forest management recommendations.

Section II discusses the effects o f forest management on songbird populations on 

industrial forests ovmed by Fraser Papers Nexfor, Inc. (Fig. 1.1). The Section starts v^th 

an investigation of the relationship between songbird abundance and reproductive 

success. The decision to study reproductive success rather than simply assessing 

songbird abundance was based on the widespread recognition that density and abundance 

may not necessarily reflect habitat quality (Van Home 1983, Vickery et al. 1992a).



Chapter Four, The relationship between forest songbird abundance and reproductive 

activity in a managed forest, is a test o f that assertion.

Chapter Five, The relative importance o f  landscape and local effects offorest 

management on the reproductive activity o f  eight forest songbird species in northwestern 

New Brunswick, Canada, presents an application of the mobbing playback method to 

determine the effects of landscape and local patterns in the industrial forest on forest 

songbird reproductive success. This chapter explores the relative influence o f landscape 

and local factors on the reproductive activity o f eight species o f forest songbirds through 

the use of Canonical Correspondence Analysis (CCA) and the partitioning of explained 

variation (ter Braak 1986, Borcard et al. 1992). The CCA technique allows for the 

simultaneous analysis o f the response o f a matrix of multiple species to a matrix of 

environmental factors (i.e., a combination of local and landscape factors). Here, the 

matrix o f species consists o f reproductive activity values for eight species and the 

environmental matrix is a combination of landscape and local factors. The advantage of 

this technique is the ability to generalize the response o f many species to gradients o f the 

most significant environmental factors. Generalization in the response of multiple 

species to the environmental conditions created by timber harvesting patterns is critical to 

the practical application of the results. Unless species are in danger of extinction or are 

useful indicators of overall ecosystem health, micro-management o f forests for single 

species of songbirds is unlikely and impractical. For results of studies such as this to be 

considered by managers o f industrial forests, the recommendations must be made in the 

context o f understanding the effects o f management actions on multiple species.



Chapter Six, Mobbing playback method synthesis and forest management 

recommendations, presents recommendations for improving the mobbing playback 

method based on the conclusions o f Chapters Two and Three. Chapter Six also provides 

forest management recommendations based on the resuhs of Chapter Five.
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Figure 1.1. Location of study area in northwestern New Brunswick, Canada.
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Abstract

Community-level indices o f reproductive success are useful for measuring or monitoring 

demographic effects of habitat alteration on birds. We present a time-efficient method to 

estimate the relative reproductive activity o f the forest songbird community. A recording 

of mobbing calls of black-capped chickadees (Poecile atricapilla) was broadcast at pre

selected stations during the breeding season. These calls attracted individuals of many 

bird species present in the vicinity, allowing visual detection o f reproductive activity 

(e.g., adults carrying food or presumed pairs). In mature deciduous forests o f northern 

New Brunsv^ck, 50 bird species responded to the playbacks. Playbacks increased the 

probability of visual observations o f birds compared to silent observations conducted 

before broadcasting mobbing calls. In coniferous forests o f central Québec, playbacks 

attracted 24 species and also provided a greater opportunity to make visual observations 

of individual birds. In New Brunsv^ck, mobbing playbacks facilitated more observations 

of reproductive evidence relative to point counts. Observation periods were brief and a 

306-ha plot (1.75 X 1.75 km, 64 points spaced 250 m apart) could be surveyed by foot in 

less than 32 observer-hours. Proportion o f  individuals o f a given species showing 

evidence o f reproductive activity was used as an index o f reproductive success. Black- 

throated blue warblers (Dendroica caerulescens) and ovenbirds (Seiurus aurocapillus) 

had a reproductive index consistent with their true nesting success as derived from 

intensive nest monitoring on the same plots.



Introduction

Presence-absence and abundance data are insufficient to assess the status and 

probability o f persistence of birds at local, landscape, or regional scales (Van Home 

1983). The proportion o f territorial males that are actually unpaired can be high (Gibbs 

and Faaborg 1990, Robinson 1992, Villard et al. 1993, Sabine et al. 1996), and the 

detectability of unpaired males may be substantially higher than that of paired males 

because unpaired males tend to sing more jfrequently (Best 1981, Gibbs and Wenny 

1993). Furthermore, the frequently assumed correlation between population density and 

reproductive success is often weak or absent (e.g., Vickery et al. 1992). Thus, when the 

objective o f a study is to characterize the effects o f  landscape alterations on the 

probability o f persistence o f avian populations, it is critical to obtain information on 

pairing success and reproductive success in addition to abundance data. The time 

required to obtain data on reproductive success may be prohibitive, especially when one 

is interested in community-wide patterns.

Various indirect approaches have been proposed to quantify avian reproductive 

activity: (1) ratio of hatch-year to after-hatch-year individuals in captures obtained using 

constant-effort mist netting (du Feu and McMeeking 1991, Robinson 1992, Nur and 

Geupel 1993); (2) distance sampling o f fledged broods (Buford et al. 1996); (3) 

reproductive index based on behavioral observations (Vickery et al. 1992). These 

methods vary in their time efficiency and thus, in the possibility of applying them to 

several species over large spatial scales. Expanding the spatial extent o f investigations in 

conservation-oriented studies has been advocated by several authors (e.g., Noss 1983, 

Merriam 1988, and Villard et al. 1995).



Here, we present a semi-quantitative method for assessing assemblage-wide 

reproductive activity in forest birds. This method combines the use of breeding behavior 

observations (as in Vickery et al. 1992) and the tendency of birds to mob potential 

predators (Gurio 1978). It provides an assessment of reproductive performance from 

pairing to fledging stages. Our method requires minimal equipment, only 10-15 min of 

observation per sampling point, and can be applied over large areas.

Studv Area and Methods

Study Area and General Methods. — This study was conducted in northwestern New 

Brunswick to measure the response o f birds to mobbing call playbacks and assess the 

reproductive status o f the attracted birds. In central Québec, data on the response of birds 

to mobbing call playbacks were collected for comparison with New Brunswick. The 

reproductive status o f the birds attracted in Québec was not assessed. The New 

Brunswick study site was located near Plaster Rock, west of the Tobique River (47° 17’

N; 67°20’ W), within the Acadian forest region (Rowe 1972). The vegetation was 

dominated by mature stands of sugar maple (Acer saccharum), American beech (Fagus 

grandifolid), and yellow birch (Betula alleghaniensis), along with balsam fir (Abies 

balsamed) and red spruce (Picea rubens) stands, interspersed with black spruce (P. 

mariana) plantations. The Québec study site was located in the Forêt Montmorency and 

surrounding areas (47°20’ N; 71°07’ W). Stands were dominated by balsam fir and white 

spruce (P. glauca\ see Darveau et al. 1997 for details). Stands of white birch (Betula 

papyrifera) and American mountain-ash (Sorbus americana) were present on 2-20% of 

land.



We recorded black-capped chickadees (Poecile atricapilla} mobbing a stuffed 

northern saw-whet owl (Aegolius acadicus) on the New Brunswick study area. A similar 

recording was made in Forêt Montmorency for use in the Québec study area. The 

recording included the “high-zee” and “chick-a-dee” calls typically made while 

chickadees approach a predator closely and perform stereotyped wing and tail 

movements (Curio 1978, Hurd 1996). The mobbing calls of black-capped chickadees, a 

regionally common resident species, communicate the presence o f a predator to 

conspecifics and other species (Hurd 1996).

New Brunswick Data Collection and Analysis. —  In New Brunswick, the study was 

conducted on two 1.75 x 1.75-km (306 ha) grids composed of 64 points, 250 m apart. 

Each point was visited for 15 min (three successive 5-min intervals) on five separate 

occasions between 1 June and 26 July 1997 (0630 - 1500 h). At each point, all birds 

detected visually or aurally within 50 m were recorded during the first 5-min interval, 

providing data on the birds present before the mobbing call recording was played.

During the second 5-min interval, we played the mobbing calls with two, 2.5-W 

amplifiers attached to a Radio Shack Realistic (CTR-76 Model) single speaker cassette 

player placed at or near the center of the station approximately 1 m above the ground and 

played at a volume that approximated the sound intensity produced by live birds. All 

new birds detected, and the responses o f birds already present, were noted. Individuals 

were considered to be attracted to the playback if they approached within 5 m of the 

speaker and/or exhibited the behaviors typical of mobbing. Individuals were also 

considered to be attracted to the playback if  they investigated the mobbing calls (as . 

denoted by posture and head movements). The final 5-min interval was monitored in



silence for the response of any new individuals, providing an opportunity to make further 

observations while birds remained close to the station and to detect singing birds that 

could not be heard during the mobbing playback.

To determine if the mobbing playback method provided an adequate sampling of 

the birds present in the area, we compared the number o f individuals o f each species 

detected before, during, and after mobbing playbacks. To simplify the comparison, we 

determined if  the number of individuals o f each species detected at a station during the 

mobbing playback was greater, equal, or lower than the number detected during the pre

playback point count. We then calculated the proportion o f detection comparisons with 

each result (more, equal, or less). The same calculation was made for a combination of 

the mobbing playback period and the post-playback period.

We recorded all evidence o f reproductive activity during the entire 15 min. 

Behavior was categorized as: male and female present in close proximity (suspected 

pair), adults carrying food, and adults feeding fledglings. If the observer suspected the 

presence o f fledglings or a nest in the area, an additional 5 min was allowed to make a 

quick search. Comparisons o f the number o f  reproductive observations made before and 

during mobbing playbacks were made using the Pearson Chi-square test.

Québec Data Collection and Analysis. —  In Québec, data were collected at 165 sampling 

points, at least 200 m apart in a 100-km^ study area. We made two visits to each point, 

between 21 June and 6 July 1995 (0425-1045 h). On the first visit, we performed a 10- 

min point count and recorded all birds detected within a 50-m radius from the observer. 

On the second visit, we placed the cassette player at the center of the sampling point 

(approx. 1 m above ground) and played the black-capped chickadee mobbing recording



for 10 min. Bird observations were limited to the 10-min playback period. In the Québec 

study area, we used single 2.5-W speakers connected to portable cassette players. We did 

not record whether or not birds were detected visually during the point counts. To make 

the data comparable to New Brunswick, we estimated that 10% of all birds detected at 

point counts were visually observed; this estimate is generous, as birds were seldom seen 

because they tended to sing and forage high in the coniferous canopy. During playbacks, 

visual detections o f birds were recorded as in New Brunswick. We did not document 

reproductive activity in Québec, but we included those data to show the applicability of 

the mobbing playback tool to other regions and forest types.

We compared the number o f visual detections made before and during mobbing 

playbacks in New Brunsvwck and Québec. We used the Wilcoxon Signed-Ranks Test to 

compare pairs o f the number o f visual observations per station, before and during 

mobbing playbacks in New Brunswick. Analyses were performed for each of five visits. 

Only two visits were made to stations in Québec, therefore we compared pairs o f the 

number o f visual observations per unit time, by species, before and during mobbing 

playback. For ties, the average rank is assigned (SYSTAT Version 9, SPSS 1998). 

Method Validation. —  We compared data obtained from mobbing playbacks to direct 

measures of reproductive success on corresponding plots to determine if  the mobbing 

playback method estimates avian productivity accurately. We collected ovenbird and 

black-throated blue warbler productivity data on two 25-ha grids ( 3 x 3  stations spaced 

250 m apart) in 1997 and on four 25-ha grids in 1998. The intensive productivity 

monitoring grids were embedded within the two 306 ha-grids described above . In 1997, 

each larger grid contained one intensive productivity grid. The study was expanded to



two intensive productivity grids within each larger grid in 1998. We conducted mobbing 

playbacks at each station five times between 1 June and 26 July 1997 and four times 

between 28 May and 23 July 1998. For the intensive productivity data, all songbird 

territories were mapped in each study grid using a standard spot-mapping technique 

(Bibby et al. 1992) between late May and early July 1997 and 1998. The territory maps 

were used to determine the approximate location o f every territory o f focal species males, 

which then helped us concentrate our nest- searching efforts. We tried to locate all black- 

throated blue warbler and ovenbird nests present in, and within 50 m of the 25-ha grids. 

These species were selected for validation because their nests could be found and 

monitored relatively easily.

For both species, we compared the proportion of territorial males with associated 

family groups (i.e., intensive data) to the proportion o f stations (where at least one male 

was detected) with evidence o f reproductive activity derived from mobbing playbacks on 

each validation grid. The two different proportions (intensive data vs. mobbing playback 

data) described above were calculated for each combination o f species, validation grid, 

and year (e.g., the proportion o f territorial ovenbird males with associated family groups 

on validation grid “A” in 1997). A Wilcoxon Signed-Ranks Test was used to compare 

proportions of all species and grid combinations in each of the two years. For ties, the 

average rank is assigned (SYSTAT Version 9, SPSS 1998).

Mobbing playback reproductive index. —  The mobbing playback method can be used 

to calculate a reproductive score (sensu Vickery et al. 1992) that represents the highest 

degree o f reproductive success observed during any of the sampling periods at each 

station. We used an ordinal scoring scheme with: 0 = species not detected as being



present at the sample point; 1 = detected only once at sanniple point; 2 = territorial male 

present at sample point (detected singing during more than one visit); 3 = pair observed 

together, or an observation o f an individual carrying nesting material detected at sample 

point; 4 = food carrying or other evidence of successful hatching or fledging detected at 

sample point.

We present a sample comparison of the reproductive evidence o f one o f the most 

frequently responding species, the northern parula (Parula americana) in two different 

treatment sites (A and B; each site was in New Brunswick described above as a 1.75 x 

1.75-km grid composed of 64 points, 250 m apart). The northern parula was used in this 

example because the sample size of stations where individuals were detected was large, 

and a difference in reproductive activity between sites was observed. Using the 

reproductive score as the dependent variable, we compared Sites A and B using the 

Kruskal-Wallis One-Way Analysis o f Variance and Likelihood ratio Chi-square analysis.

Results

Response to playbacks. —  In New Brunswick, 50 species responded to the playback at 

least once in 1997 or 1998 (Table 2.1). These species represent 74% o f all species 

detected during point counts (Villard, unpublished data) at the same stations in 1996. 

Observations of ten species represented 75% of the responding birds (Table 2.1). The 

group o f species responding most frequently to the playbacks includes representatives of 

four families (i.e., Vireonidae, Sittidae, Turdidae, and Parulidae,).



In Québec, 24 species responded to playbacks, which represents 80% of the 30 

species recorded in point counts at the same stations. Five of those species were not 

recorded in New Brunswick (Table 2.1).

Comparison of mobbing playback vs. point count detections. —  For New Brunswick, in 

48.6% of the comparisons between visual contact rates, the number o f mobbing 

individuals o f each species was either greater than or equal to the number detected at a 

station during the corresponding point count (31.6% equal + 17% greater, n = 3790 

comparisons). When pre-playback data were combined with birds detected during 

mobbing and post-mobbing (both mobbers and non-participants), an equal or greater 

number o f birds were detected 75% (29.6% equal + 45.4% greater) o f the time. This 

indicates that mobbing playbacks combined with a standard point-count technique will 

census an area more thoroughly than a point count about 75% of the time. When each 

round was considered separately, we obtained similar results (i.e., approximately 75%). 

Visual observations. —  In New Brunswick, the mobbing playback method provided more 

visual observations per station than pre-playback observations during all five roimds 

(Wilcoxon Signed-Ranks Test,/? < 0.001 for each of the five rounds). As in New 

Brunswick, playbacks in Québec generally allowed more visual contacts per imit time (20 

of the 24 species) than passive (without playback) observations (Wilcoxon Signed-Ranks 

Test,/? <0.001).

Reproductive activity. —  In New Brunswick, evidence o f reproductive activity (adults 

carrying food, suspected pairs, and family groups) was observed 5.5 times more often 

during the playback period than during the pre-playback period during every round of 

visits, as a result o f the more frequent visual contacts (Table 2.2). Several additional



observations of reproductive activity were made during the 5 min following the playback 

period.

Method Validation. — In 1997, there was no significant difference between the degree of 

reproductive activity as indicated by intensive nest searching versus mobbing playbacks 

(Wilcoxon Signed-Ranks T e s t , = 0.07, Fig. 2.1). In 1998, the same degree of 

reproductive activity was also indicated by both methods, albeit more strongly than 1997, 

probably due to fewer grids being sampled in 1997 (Wilcoxon Signed-Ranks Test,/? = 

0.4, Fig. 2.1). In addition, the inability of observers conducting the mobbing playback 

observations to accurately detect female ovenbirds in 1997 may have biased the 

comparison that year.

Mobbing playback reproductive index. —  In our sample comparison of northern parula 

reproductive success, Site A had significantly higher reproductive scores than Site B (p = 

0.002). The same pattern was also observed when analyzing the data two different ways. 

First, the proportion of stations with a score greater than 0 (or, non-zero stations) that had 

reproductive scores of 3 or 4 was compared. Site A again showed a higher proportion of 

stations with reproductive evidence (Likelihood ratio Chi-square (Williams Correction),/» 

= 0.02). Second, we compared the proportion o f non-zero stations with transient males 

(reproductive score = 1). Site A had significantly fewer stations with transients than Site 

B (Likelihood ratio Chi-square (Williams Correction),/? = 0.001), indicating again that 

Site A may indeed be more favorable to northern parula reproduction than Site B.



Discussion

The advantage of the mobbing playback method is that it provides a greater 

opportunity than passive observation to make visual contact with individual birds of 

many different species, thus increasing not only the number of visual detections, but also 

the probability of witnessing evidence of reproductive activity. Visual observations at 

close range may also reduce the risk o f species identification errors associated with 

typical acoustic point counts.

Our method allows observers to sample a large area in a relatively short amount 

o f time. For example, in our study, we surveyed a 306-ha plot (1.75 x 1.75 km, 64 points 

spaced 250 m apart) by foot in less than 32 observer-hours. Roadside surveys analogous 

to a Breeding Bird Survey (Robbins et al. 1986) would allow covering substantially 

larger areas per unit time. Conversely, stations could be sampled at closer distances to 

allow more effort on replicate plots, thus increasing the ability to detect treatment effects. 

In a small experiment conducted in New Brunswick (Gunn, unpublished data), we found 

that playbacks could be detected by human ear at a modal distance o f 125 m in closed- 

canopy forest (n =14), and at a modal distance o f 100 m in open-canopy forest (n =16). 

This suggests that the minimum distance between stations should be no closer than 200 

m. In addition, since playbacks stimulate bird response, data can be collected beyond the 

morning hours.

Our method represents an alternative to current large-scale assessments of 

reproductive success. Constant effort mist-netting (e.g., DeSante et al. 1993) has also 

been used to infer annual reproductive success o f many species over large study areas. 

This method consists of comparing the ratio o f hatch-year versus older birds in mist nets.



Distance sampling of fledgling groups (Buford et al. 1996) is another approach that has 

been proposed to infer reproductive success in an area. Observers walk transects and 

measure the distance to all groups of fledglings detected. Neither distance sampling nor 

constant effort mist netting is designed to provide information on reproductive activity at 

fine levels o f resolution. Distance sampling would be expected to be most effective when 

fledglings are older and beg more loudly for food, while constant effort mist netting will 

yield more information when hatch-year birds are highly mobile and may have moved 

several hundred meters from their natal location. Our method provides the opportunity to 

obtain reproductive data at relatively fine levels o f resolution, thus suitable for 

heterogeneous forest habitats, since birds seem to be attracted to playbacks from 

distances o f less than 100 m (Gunn, personal observation). In addition, another advantage 

o f our method over constant-effort mist netting is that it can be applied throughout the 

breeding season, not just at the time when fledglings are still within family groups.

Reproductive indices based on behavioral observations (e.g., Gibbs and Faaborg 

1990, Vickery et al. 1992) also provide information on the reproductive status of 

territorial males, but the measurement o f these indices requires a large time investment to 

ascertain the reproductive status o f territorial males with reasonable confidence [e.g., 30 - 

60 min of contact time per individual (Gale et al. 1997), and up to 90 min elapsed time 

(Probst and Hayes 1987)]. Our method requires a maximum of 60-75 min per station (4 

or 5 visits of 15 min each throughout breeding season) to assess the status o f multiple 

individuals representing several species.

The method we present above can be refined to provide a reproductive index from 

pairing to fledging which more closely resembles that of Vickery et al. (1992). We



grouped some behaviors into categories that are obviously not equivalent (e.g., successfiil 

hatching and fledging), but do maintain the proper chronology o f reproductive behaviors. 

Behavioral data were grouped primarily because sample sizes of observations o f food 

carries and fledglings for individual species were low. An increase in the intensity of the 

surveys during the period when the nests o f most species were fledging could increase the 

efficiency o f this method. The last 5-min period is thus particularly important to confirm 

these observations. Even without additional surveys late in the breeding season, our 

method provides an estimate of the degree of reproductive activity being achieved by 

different species at each sample location.

Our data suggest that the mobbing playback method is applicable to a wide range 

o f stand types independently o f the density o f black-capped chickadees (which were 

uncommon in Québec's boreal study area). In regions where black-capped chickadees are 

absent, mobbing calls from another ubiquitous species could perhaps be substituted (e.g., 

blue jay [Cyanocitta cristata], Carolina chickadee [Poecile carolinensis], boreal 

chickadee {Poecile hudsonicus]). Hurd (1996) reviews cases o f interspecific response to 

alarm calls of several species in addition to those of black-capped chickadees. The 

relatwe simplicity of the procedure required to conduct the mobbing playback method 

makes it easily applicable to other geographic areas, provided that the method is used 

during the period when most species are at the nestling stage, or throughout the breeding 

season (i.e., repeated visits), before families start to wander outside territory limits.

The proportion of individuals attracted to mobbing playback may vary with 

several factors. For example, a small experiment during the 1998 breeding season 

indicated that females incubating eggs or brooding young nestlings are less likely to



respond than females feeding nestlings or fledglings (Gunn, unpublished data). Mobbing 

tapes were played for 3 min at a distance of 10 m from active black-throated blue warbler 

nests. Females incubating eggs left the nest and responded to the playbacks 11% of the 

time (n = 9), whereas females with nestlings responded 43% of the time (n = 7). Because 

reproductive success data are often used in the context o f conservation, we encourage 

researchers to validate the mobbing playback index in their study area using an intensive 

study plot where actual nests are monitored for a few species. In addition to validation, 

this extra effort permits the nesting phenology o f target species to be monitored so that 

the timing of mobbing playback visits can be adjusted, if  need be.
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Table 2.1. List of species attracted to mobbirig playbacks at least once in New 
Brunswick or Québec study areas.

Province®

Species NB QC

ruby-throated hummingbird {Archilochus colubris) 2 0

yellow-bellied sapsucker (Sphyrapicus varius) 2 0

downy woodpecker (Picoides pubescens) 2 0

hairy woodpecker {Picoides villosus) 2 1

northern flicker {Colaptes auratus) 2 0

pileated woodpecker {Dryocopus pileatus) 2 0

olive-sided flycatcher {Contopus borealis) 2 1

eastern wood-pewee {Contopus virens) 2 0

yellow-bellied flycatcher {EmpidonaxJlaviventris) 2 2

alder flycatcher {Empidonax alnorum) 2 0

least flycatcher {Empidonax minimus) 2 0

blue-headed vireo {Vireo solitarius) 2 3

Philadelphia vireo {Vireophiladelphicus) 3 0

red-eyed vireo {Vireo olivaceus) 3 0

gray jay  {Perisoreus canadensis) 1 2

blue jay {Cyanocitta cristata) 2 0

black-capped chickadee {Poecile atricapilla) 3 1

boreal chickadee {Poecile hudsonicus) 2 3



red-breasted nuthatch {Sitta canadensis) 2 3

white-breasted nuthatch {Sitta carolinensis) 2 0

brown creeper {Certhia americana) 2 2

winter wren {Troglodytes troglodytes) 2 2

golden-crowned kinglet {Regulus satrapa) 2 3

ruby-crowned kinglet {Regulus calendula) 2 3

veery {Catharus fuscescens) 2 0

Swainson's thrush {Catharus ustulatus) j j

hermit thrush {Catharus guttatus) 2 0

American robin {Turdus migratorius) 2 2

cedar waxwing {Bombycilla cedrorum) 1 1

Nashville warbler {Vermivora ruficapilla) 2 2

northern parula {Parula americana) 3 0

chestnut-sided warbler {Dendroica pensylvanica) 2- 0

magnolia warbler {Dendroica magnolia) 3 2

black-throated blue warbler {Dendroica caerulescens) 3 0

yellow-rumped warbler {Dendroica coronata) , 2 3

black-throated green warbler {Dendroica virens) 3 3

blackbumian warbler {Dendroica fusca) 2 1

bay-breasted warbler {Dendroica castanea) 2 2

blackpoll warbler {Dendroica striata) 0 3

black-and-white warbler {Mniotilta varia) 0 0

American redstart {Setophaga ruticilla) 3 0



ovenbird (Seiurus aurocapillus) 3 0

mourning warbler (Oporornis philadelphia) 2 1

common yellowthroat {Geothlypis trichas) 2 0

Canada waxhlev (Wilsonia candensis) 2 0

scarlet tanager (Piranga olivacea) 2 0

song sparrow {Melospiza melodia) 2 0

Lincoln's sparrow {Melospiza lincolnii) 2 1

white-throated sparrow (Zonotrichia albicollis) 2 2

dark-eyed j unco (Junco hyemalis) 2 2

rose-breasted grosbeak {Pheucticus ludovicianus) 2 0

purple finch (Carpodacus purpureus) 1 2

white-winged crossbill (Loxia leucoptera) 2 2

pine siskin (Carduelis pinus) 2 3

American goldfinch {Carduelis tristis) 2 0

evening grosbeak {Coccothraustes vespertinus) 1 2

Mobbing response by Province (NB = New Brunswick, QC 
= Québec): 0 = Not present in study area; 1 = No mobbing 
response, but present in study area; 2 = Mobbing response; 3 
= Mobbing response, top ten most firequent.



Table 2.2. Comparison of the number o f reproductiye activity observations made 
before the mobbing call playback and during mobbing call playback. New 
Brunswick, 1997.

Visit
Number

Number of Reproductive 
Activity Observations^*’

Before Playback During Playback

1 4 141 <0.001

2 3 58 <0.001

3 3 41 <0.001

4 17 75 <0.001

5 43 73 0.022
Total 70 388 <0.001

“ all reproductive-related behaviors combined (pair observed, carrying nesting 
material, carrying food, feeding fledglings)
 ̂at 143 stations each round o f visits (two 8 x 8  grids and 15 additional stations 

off sample grids)



Figure 2.1. Comparison of the reproductive activity detected by both the mobbing 
playback method and intensive nest monitoring. Mobbing playback reproductive activity 
is represented by the proportion o f stations with evidence of reproductive activity (and 
with at least one individual o f the species present). Intensive nest monitoring 
reproductive activity is represented by the proportion o f territories with family groups. 
The reproductive activity detected by both methods was not significantly different in 
1998 (Wilcoxon Signed-Ranks Test,/) = 0.4) or in 1997 (Wilcoxon Signed-Ranks Test,/> 
= 0.07). (BTBW = black-throated blue warbler, OVEN = ovenbird).
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Abstract

Avian anti-predator mobbing is a paradoxical behavior whereby an individual confronts a 

potential predator and puts itself in harm's way to prevent a potential attack. We provide 

one of the few empirical tests o f hypotheses put forward to explain the variability of 

observed mobbing behavior in the context o f its adaptive significance. We used 

playbacks of black-capped chickadee (Poecile atricapilld) mobbing calls to incite 

mobbing behavior in forest birds in New Brunswick, Canada. We studied the mobbing 

response of forest birds at different times o f the year and in the presence or absence of 

potential avian predators. Fifty species responded to the playback o f mobbing calls. 

Mean duration of mobbing time was significantly longer when confronted with potential 

predators, but mobbing intensity was not significantly different. Mobbing group siize and 

overall intensity were greatest early in the breeding season before the initiation of egg 

laying. Resident species terided to mob with greater intensity in the early spring and 

autümn when migrant territoriality was least established. We concluded that the 

variability in avian anti-predator mobbing is based on the proximate (individual safety) 

and ultimate (safety o f offspring) risks o f participation.

Introduction

Predation pressure plays a key role in natural selection for many animal 

populations. Prey species have evolved a diverse array of behaviors in response to this 

pressure (e.g., cryptic behavior, chemical repellants, and attack misdirection [Humphries 

and Driver 1976, Hauser and Cafifrey 1994, Begon et al. 1996]). Anti-predator mobbing



is one widespread behavioral adaptation in birds (Curio 1978). Anti-predator mobbing 

seems an unlikely response to predation —  individuals appear to put themselves in 

danger as a  means to ultimately avoid becoming prey. This interesting paradox has 

sparked theoretical discussions, but surprisingly few empirical tests of hypotheses.

Avian anti-predator mobbing occurs when birds o f one or more species assemble 

around a predator, change locations frequently, perform stereotyped wing and tail 

movements, and emit loud calls usually with abroad frequency spectrum (Curio 1978). 

The superficial appearance o f altruism in a v i^  mobbing (i.e., mobbing birds place 

themselves at greater risk of predation) does not fit well with Darwinian theory. Several 

hypotheses have been put forward to explain mobbing in terms of its adaptive 

significance (see Curio 1978 for a review). The most widely-accepted hypothesis is that 

avian mobbing serves to "move along" a predator from the prey's territory, which 

decreases the overall local threat o f predation and lowers the predator’s hunting 

efficiency (Shedd 1982, Pettifor 1990, Curio 1994, Flasskamp 1994, Winkler 1994). 

Mobbing also serves to alert a predator that it has been detected, thus eliminathig the 

element of surprise for a stealth himter (Curio 1978). By alerting a predator that it has 

been detected, and then escorting the potential predator from a territory, mobbing 

behavior has both direct and indirect survival significance for an individual and its 

offspring. By mobbing, birds are giving up the opportunity to conduct other fitness- 

enhancing activities such as foraging, feeding young, or defending territories. Given the 

obvious evolutionary significance o f those alternate activities, mobbing behavior could 

be considered adaptive only if  participants achieve greater lifetime reproductive success 

than non-participants.



Observations o f variable participation and intensity o f mobbing imply that birds 

are equipped with some means o f assessing the benefits and risks involved in mobbing 

before responding to, or initiating, the behavior (Stone and Trost 1991). Several studies 

have explored the propensity o f birds to mob predators based on an analysis of risk 

(Altmann 1956, Ficken and Witkin 1977, Curio et al. 1983, Zimmerman and Curio 1988, 

Winkler 1994, Gehlbach and Leverett 1995). The intensity o f mobbing behavior has also 

been related to contextual factors such as stage in the breeding cycle (Shalter 1979,

Shedd 1982) and proximity o f the predator to nests (Shalter 1978, Zimmerman and Curio 

1988).

During the course of other research involving the mobbing behavior of black- 

capped chickadees (Gunn et al. 2000), we observed a wide variability in the intensity, 

species composition, and number o f individuals participating in anti-predator mobbing. 

Based on our initial observations and current literature, we have developed four 

hypotheses to explain the above variability within the context of risk posed directly to 

mobbing individuals and indirectly to their offspring. We tested these hypotheses using 

field data already collected before hypothesis generation and additional data collected 

from experiments set up to directly test some o f these hypotheses. Those data will be 

further defined below.

Hvpotheses

We propose three hypotheses to explain variability in anti-predator mobbing 

behavior. (1) Prey species mobbing varies directly with the degree o f risk posed by a 

predator. Gehlbach and Leverett (1995) examined the ability o f mobbing birds to assess



risks of predation by recognizing visual cues in relation to acoustic cues of predator 

vocalizations. Curio et al. (1983) found that great tits {Parus major) responded to three 

different avian predator species according to the degree o f risk they presented. Ficken 

and Witkin (1977) provided anecdotal evidence that black-capped chickadee mobbing 

duration was longer when the birds were confronted with northern shrikes (Lanius 

excubitor) than with mink (Mustela vison), which are less of a threat to chickadees. If 

this risk is the primary factor affecting mobbing response in forest song birds, our 

prediction is that birds, in the presence of a predator, will respond to playback tapes o f 

black-capped chickadee mobbing vocalizations (see below) (a) for a longer period o f 

time, (b) with more intensity (as defined below), and (c) in greater numbers, than if  no 

predator is present. A second prediction is that (a) the mobbing duration, (b) the intensity 

o f mobbing behavior, and (c) the number of mobbing birds, will be greater if  a predator 

o f higher risk (an eastern screech-owl, Otus asio) is present than if  a predator o f 

comparatively lower risk (a great homed owl, Bubo virginianus) is present. The varying 

degrees o f risk posed by the screech-owl and the great homed owl are described further 

below. This second prediction is related to how finely timed the mobbing response o f 

forest songbirds is to the degree of risk posed by different predators.

Our second hypothesis (2) is that mobbing behavior varies within a breeding 

season with the cost of forgoing some other fitness-enhancing activity such as foraging 

and feeding nestlings (Shalter 1979, Shedd 1982). The prediction is that both (a) the 

intensity o f mobbing and (b) the number o f birds attracted will be lower when eggs and 

nestlings are present than when no eggs and nestlings are present. A second prediction is 

that both (a) the intensity o f mobbing and (b) the number o f birds attracted will be lowest



at times of day when songbirds are foraging, feeding young, and defending territories 

(0500 - 1000 hours).

Our third hypothesis (3) is that mobbing response within the course o f a year is 

directly related to territorial behavior and mate attraction. Hypothesis 3 is supported by 

Shedd (1982) who found that seasonal variations in the mobbing intensity o f American 

robins (Turdus migratorius) could be partially explained by fluctuations in territoriality. 

The relationship of mobbing to territoriality could further be supported by the possibility 

that participation in mobbing serves as a display o f dominance, and subsequently 

increases the probability o f an individual establishing a high-quality territory.

The predictions for Hypothesis 3 are that (a) black-capped chickadees, which are 

resident and form pairs in the autumn and define territory before early spring (Smith 

1991), should mob with more intensity in the autumn than in spring and summer; (b) 

migrants will mob with more intensity than residents when pair formation and territory 

definition are occurring in the early spring (e.g., early June).

Studv Area and Methods 

Data Collection

Data were collected during two separate field seasons in 1997. The first was 

conducted in the summer between 1 June and 26 July 1997 between 0500h and 1500h in 

the forested study areas o f north-central New Brunswick, Canada. The second season 

was carried out in the autumn from 15 September to 3 October 1997 between 0700h and 

1200h, in forested study areas o f south-central New Brunswick.

A 5-min tape recording of black-capped chickadees mobbing a stuffed northern



saw-whet owl (Aegolius acadicus) was used in all experiments. The black-capped 

chickadee is a ubiquitous forest bird in northeastern North America and is known to 

incite mobbing behavior in many species o f forest birds (Hurd 1996, Gunn et al. 2000). 

Playbacks were made using a Radio Shack Realistic (CTR-76 Model) stereo cassette 

player at full volume to approximate the volume produced by live birds. The recording 

included the “high-zee” and “chick-a-dee” calls typically made while chickadees 

approach a predator closely and perform stereotyped wing and tail movements (Gunn et 

al. 2000).

In the summer season, playback trials were conducted 250-m apart on two eight- 

station by eight-station grids (total = 128 stations) plus 15 additional stations outside the 

grids. Five separate visits (“Rounds”) were made to each station (n = 715), with visits to 

each station generally separated by no more than 10 days (Round 1: 1 June - 6 June; 

Round 2: 16 June - 20 June; Round 3: 30 June - 3 July; Round 4: 11 July - 17 July; 

Round 5: 23 July - 28 July). During each playback session, each mobbing individual was 

identified to species and sex, if  possible. We also noted any species o f bird singing, but 

not responding, during the playback session. Each mobbing individual was given an 

intensity score on a scale o f one to four. An intensity score of one indicated tiiat the bird 

had come within 5 m of the cassette player and was engaging in stereotypical mobbing 

behavior. A score o f two signified stereotypical mobbing behavior performed at a 

distance of greater than 5 m. A score o f three represented an attraction to the playback 

with little or no stereotypical behaviors, whereas a score o f four indicated that an 

individual showed interest in the playback by moving closer, yet continued behaviors 

such as foraging or singing.



We modified the methods during the autumn season of data collection to test our 

hypotheses more effectively. With the exception of an analysis of black-capped 

chickadee mobbing intensity for Hypothesis 3, data were not compared between summer 

and autumn seasons. Observers walked transects in mature forest and forest edge areas 

and stopped every 100 m. If  any species o f forest bird was heard (songs or calls) or seen, 

the 5-min mobbing tape was played. Each station was sampled no more than twice. 

Species, sex, and intensity data were collected as in the summer season. The length of 

time spent mobbing was recorded for each individual participating in the mobbing 

session. Two separate times were recorded: Time 1 was started when mobbing initiated; 

Time 2 began immediately after the tape had stopped playing (i.e., after 5 min). Seventy- 

one playbacks were made during the autumn data collection period. The playbacks were 

divided into three types: (1) no visual stimulant present (n = 27); (2) stuffed eastern 

screech-owl present (n = 21); and (3) stuffed great homed owl present (n = 23). The use 

o f stuffed owls is explained ftirther below.

The stuffed owls were used to assess-the effects o f different degrees of potential 

direct predatory risk to mobbing individuals. An owl of the screech-owl's size and 

maneuverability is o f greater predatory risk to forest songbirds than the great homed owl 

(Hayward and Garton 1988, Gehlbach 1994, Gehlbach and Leverett 1995, Zimmerman et 

al. 1996). Screech-owls are not indigenous to northem New Brunswick; however, an 

appropriate model o f the indigenous saw-whet owl was not available for the study. We 

considered the use o f the non-indigenous screech-owl as appropriate because of its 

similar size, shape, and color. Screech-owls and saw-whet owls also occupy similar 

foraging niches (Earhart and Johnson 1970, Hayward and Garton 1988). During "owl



present" playback sessions, the appropriate owl was perched in a tree 2 m above ground 

and within 1 m of the speakers. The playback was then conducted in the same manner as 

without the owl present. Playback sessions conducted with owls were alternated with "no 

owl" playbacks at successive stations.

Statistical Analyses and Hypothesis Testing

The predictions from Hypothesis 1, which concerns mobbing variability as it 

relates to the degree o f risk posed by a predator, were tested using data from the second 

data collection period. Duration and number o f mobbing individuals were compared with 

owl presence and species as factors, using Analysis o f Variance (ANOVA) and a 

Bonferroni Adjustment Post Hoc Test. Separate ANOVA tests were conducted to 

address each prediction within Hypothesis 1. Mobbing intensity, with owl presence and 

species as factors, was compared using a Likelihood Ratio Chi-squared Analysis o f the 

proportion of mobbing individuals with each intensity score.

We tested the predictions from Hypothesis 2 on the relationship between mobbing 

variability and breeding activity using data from the summer season. The numbers of 

mobbing individuals were compared, with rounds and time periods as factors, using an 

ANOVA and the Bonferroni Adjustment Post Hoc Test. Mobbing intensity was 

compared between rounds and time periods using a Likelihood ratio Chi-squared 

Analysis as in Hypothesis 1. Data on egg-laying dates were available for the study area 

from a simultaneous nesting success study (J. Bourque and M. -A. Villard, impublished 

data). We estimated fledging dates by adding incubation and fledging periods typical of 

forest songbirds o f this region (22 days; Curson et al. 1994) to actual egg-laying dates



observed on the study area. These data were used to determine breeding activity for each 

round Extensive nesting data were available for ovenbirds (Seirus aurocapillus) and 

black-throated blue warblers {Dendroica caerulescens). Separate analyses were 

conducted for these two species combined and for all species together (see Table 3.1 for 

species list).

We investigated the relationship between time of day and mobbing participation 

by using an ANOVA and the Bonferroni Adjustment Post Hoc Test to compare the 

number o f mobbing birds per station during each round of observations. We divided the 

sampling start times into three times of day: 0500 - 1000 hrs (dawn chorus), 1000-1200 

hrs (post-chorus, but temperatures generally have not peaked), and 1200-1500 hrs (peak 

temperatures). Start times were staggered between rounds so stations would not always 

be sampled at the same time of day.

In addition to the above tests, Hypothesis 2 was examined using a small sample of 

mobbing playbacks directed at nesting female black-throated blue warblers during the 

breeding season of 1998 (reported in Gunn et al. 2000). Mobbing tapes were played for 3 

min at a distance of 10 m from active nests. Tapes were played first when females were 

incubating eggs (n =9), then later when females were brooding nestlings (n =7). The 

proportion o f responding females in each category was compared using Fisher's Exact 

Test.

For Hypothesis 3, which states that mobbing response within the course o f a year 

is directly related to territorial behavior and mate attraction, birds were classified as 

migrants or residents according to Ehrlich et al. (1988). Mobbing intensity and duration 

was compared as above, however, comparing the numerical response was not appropriate



Results

Fifty species responded to the playbacks with some degree o f mobbing intensity 

in the summer season (n =1565; Table 3.1). These species represent 74% of all species 

detected during point counts at the same stations in 1996 (M. -A. Villard, unpublished 

data). Twenty species (80% o f all species detected in the autumn) responded during the 

autimm period (n = 409; Table 3.1).

Hypothesis 1 - The mean duration of time spent by birds at sampling locations during the 

mobbing playback period was not significantly different between "no owl" and "owl 

present" playbacks (Table 3.2) or between "no owl", "screech-owl", and "great homed 

owl" (Table 3.2). Mean duration o f mobbing time in the post-playback period was 

significantly greater when an owl was present than when no owl was present (Table 3.2). 

Further, mean duration o f post-playback mobbing time was significantly greater for birds 

responding with the screech-owl present than the great homed owl (Table 3.2). 

Individually, the post-playback mobbmg time was greater for both the screech-owl and 

the great homed owl when compared to the "no owl" stations (Table 3.2).

High intensity scores for birds responding at "owl present" stations were more 

frequent than at "no owl" stations (Fig. 3.1a, Likelihood ratio Chi-square, x = 35.37, d f = 

3,/? < 0.01). In fact, there were several instances o f black-capped chickadees making 

aggressive physical contact with the stuffed screech-owl. There was no significant 

difference in mobbing intensity between "screech-owl" and "homed owl" stations (Fig. 

3.1b, Likelihood ratio Chi-square, -i = 5.4, d f=  3,/) = 0.15).



The mean number of mobbing individuals per station was not significantly 

different between "owl present" (n = 44, mean = 5.3, SE = 0.60) and "no owl" (n = 27, 

mean = 4.6, SE = 0.69) stations (Table 3.3). The mean number of mobbing participants 

per station was also not significantly different when "no owl", "screech-owl", and 

"homed owl" were compared (Table 3.3).

Hypothesis 2 - When all species were considered (see Table 3.1), the number of mobbing 

individuals per station was greatest early in the breeding season (Round 1 -before peak of 

egg-laying activity; Table 3.4 and Fig. 3.2a, ANOVA Bonf. post-hoc,;? < 0.001) and 

generally decreased through Round 5 (Table 3.4 and Fig. 3.2a). Round 1 also 

consistently had a larger proportion of mobbing individuals responding with greater 

intensity than all other rounds (Fig. 3.3a, Likelihood Ratio Chi-square, % range = 32.9 -  

160.17, df=  3,/7 < 0.001 for all comparisons between rounds). After Round l,the  

proportion of high intensity mobbing birds (intensity score 1 and 2) remained relatively 

constant (Fig. 3.2a). Rounds 4 and 5 were different from each other (Fig. 3.3a, 

Likelihood Ratio Chi-square, % = 9.2, df = 3,/? = 0.03), but the overall trend towards 

lower intensity remained.

When ovenbirds and black-throated blue warblers were considered as a separate 

group, the number of mobbing birds per station was Wgher in Round 1 than in Round 5 

(Table 3.4), but no other statistical differences were detected. The number of ovenbirds 

and black-throated blue warblers mobbing at each station did not vary greatly (either 0,1, 

or 2 individuals). Mobbing intensity also did not vary significantly between all rounds 

(Fig. 3.3b).

Time of day generally did not affect the number of birds participating in mobbing



activities (Table 3.5). The only exceptions occurred in Ronnd 3 (1000 - 1200 hrs < 0500 

-1000; Table 3.5,P = 0.03) and Round 5 (1200 - 1500 hrs < 0500 - 1000 hrs: Table 3.5,p  

= 0.04). Across all Rounds there was no significant difference in the number of birds 

responding at different times of day (Table 3.5).

In the playback experiment of 1998 with black-throated blue warblers on nests, 

females left the nest and responded to the playbacks 11% of the time, whereas females 

with nestlings responded 43% of the time, but this difference was not statistically 

significant (Fisher's Exact Test, g-statistic = 1.89, j9= 0.17). The small sample size for 

both treatments likely contributed to the lack of significance.

Hypothesis 3 - During Round 1 (early in the breeding season), migratory species tended 

to mob with less intensity than resident species (Fig. 3.4, Likelihood Ratio Chi-square, %

= 81.09, df = 3 , p <  0.001). This trend also held for every Round except Round 4. This 

trend appears to be heavily influenced by the behavior of black-capped chickadees. 

Black-capped chickadees represent 75% of the observations of resident birds in Round 1; 

this may be biased by the use of black-capped chickadee calls on the playback tape. 

Black-capped chickadee mobbing intensity is heavily skewed towards a score of one 

(higher intensity), while non-chickadee residents tended to mob with less intensity 

throughout all rounds (Fig. 3.5 a and b). During the autumn, residents also mobbed with 

greater intensity than migrants (Likelihood Ratio Chi-square, % = 46.24, df = 3,/? < 

0.001). The number of black-capped chickadees again heavily skewed the participants. 

Given these potential biases, further speculation on the significance of this trend would 

be suspect. Resident species tended to mob for a longer duration (n = 303, mean = 161.7 

sec, SE = 4.99) than migratory species (n = 31, mean = 111.3 sec, SE = 14.68) during the



playback period (Table 3.6; ANOVA, df = 333, F-ratio = 9.58,/? < 0.01).

Black-capped chickadee mobbing intensity was not significantly different in the 

Slimmer Round 1 vs. the autumn round (Likelihood Ratio Chi-square, % = 3.66, df = 3, p  

= 0.30). By Round 2, mobbing intensity was significantly lower than the autumn round 

(Fig. 3.5a, Likelihood Ratio Chi-square, % = 32.35, df = 2 , p  <  0.001). This trend also 

held up for the remaining rounds.

Discussion

It is likely that a variety of factors influence the intensity of mobbing response by 

forest songbirds. The three hypotheses proposed here are not mutually exclusive. Indeed 

it is quite likely that they all work in combination with each other, and change in relative 

importance throughout the year.

Perception of risk appears to play a major role in determining the response of 

forest songbirds to the mobbing calls of black-capped chickadees. The fact that post

playback duration and intensity were greater when birds were confronted with a predator 

supports the hypothesis that birds v^ll respond with more intensity if a higher proximate 

risk is perceived. The number of mobbing individuals per station was not significantly 

different when the owls were present or not present. This may not be too surprising since 

most birds were likely initially responding to an acoustic stimulus rather than to visual 

stimuli. The differences in mobbing intensity exhibited by forest songbirds in this study 

indicate that individuals adjust their behavior to different degrees of threat. In doing so, 

they accept the opportunity cost of forgoing some other activity (such as foraging) in 

order to invest more energy in mobbing participation. Winkler (1994) also found



increased nest defense in tree swallows {Tachycineta bicolor) with heightened predator 

risk.

Forest songbirds spent more time in the vicinity of the playback when a screech- 

owl was present than when a  great homed owl was present. Mobbing intensity was not 

higher with the screech-owl present than with the great homed owl present. These results 

are contradictory, and weaken the argument that the behavior of mobbing songbirds is 

related to the degree of risk posed by potential predators. Our results are consistent with 

Chandler and Rose (1988) who concluded that trials with a tape and mounted owl elicited 

a greater mobbing response because they provide a “focus” for agitated birds. Without 

the difference in mobbing intensity, we cannot completely support the findings of Curio 

et al. (1983) who observed that great tits "correctly assessed” the relative overall risk 

visually (measured by the degree of predator specialization on this prey species) and 

defended their nests accordingly. Given this disparity, it is worth further investigating 

the significance of "mobbing intensity".

The definition of intensity scores (1 -4 ) used in this study combined the two 

variables of "distance to tape", and " presence or absence of mobbing behavior". Curio et 

al. (1983) found that great tits would increase their distance from a predator during 

mobbing if the immediate risk of that predator attacking was high. Thus, while mobbing 

behavior might have been more intense in the cases of the screech-owl, increased 

distance of birds from this higher risk predator would have confounded the "intensity" 

variable. In future studies, it would be useful to separate "distance to tape" from 

"absence or presence of mobbing behavior" rather than using them as combined measures 

of intensity.



We did not observe greater numbers of birds participating in mobbing when an 

owl was present. We had predicted that actual mobbing birds (rather than taped calls of 

only chickadees) might emit a different frequency or pitch of call if a predator is present, 

thus attracting more birds. This would be consistent with the results of Ficken and 

Witkin (1977) who found that black-capped chickadees tend to use higher pitched calls in 

higher risk situations. Stone and Trost (1991) also found that black-billed magpies {Pica 

pica hudsonia) vary calls to give recipients information about the nature of danger posed 

by a predator. In addition, we expected the existence of greatly agitated birds at a 

playback with a predator present to result in a greater volume of mobbing calls that are 

transmitted further and attract more birds. Hurd (1996) noted that the added stimulus of 

birds displaying mobbing behavior during playbacks could have attracted additional 

species. While forest songbirds are apparently capable of assessing the relative risk of 

different predators and mobbing for longer durations, they might not be able to 

communicate details of predator threat to other birds. This may explain the lack of 

difference between the numbers of mobbing individuals that came to the great homed 

owl versus the screech-owl trials. Alternatively, the relative risk posed by the two owl 

species was not as different as we assumed.

The high intensity and number of mobbing participants early in the breeding 

season supports our second hypothesis that as the demands upon a breeding bird’s time 

increase (because of the presence of eggs and nestlings), mobbing response will decline. 

This was also supported to some degree by a closer investigation of black-throated blue 

warblers and ovenbirds. For these species, the number of mobbing birds was slightly 

higher early in the season, but intensity did not vary seasonally. Time of day did not



appear to play a role in mobbing participation, which is contrary to our prediction.

We did not detect a seasonal difference in response among nesting female black- 

throated blue warblers. This result is consistent with the lack of variation in mobbing 

response for all species during Rounds 2, 3, and 4; which coincided with the dates of 

incubation and brooding. Our results are inconsistent with the findings of Shedd (1983) 

that black-capped chickadee mobbing intensity was lowest in the period before eggs had 

been laid. Shedd (1983) argued that limited mobbing during the period before the rearing 

of young is probably the most adaptive response to predators considering the lack of 

parental investment at this stage. Similarly, Shalter (1979) observed that blue tits 

mobbed more quickly as nestlings grew older. Again, increasing parental investment was 

offered as the explanation for this.

Black-capped chickadee mobbing participation remained constant throughout the 

summer (ANOVA, F-ratio = 0.79, df = 169,/? = 0.54). The lack of variation is likely 

because black-capped chickadees had already laid eggs by the first round of summer 

mobbing playbacks (Smith 1991). By the start of Round 1, the willingness to participate 

in mobbing activities may have aheady been reduced. If mobbing playbacks had been 

performed at the same stations in summer and autumn, it would be possible to compare 

the number responding in the different seasons. Based on our assumption that chickadee 

response was already reduced; we could expect that mobbing numbers would be greater 

in the autumn.

The most generally accepted hypothesis that explains avian mobbing is the "move 

along" hypothesis whereby mobbing serves to "move along" a predator from the prey's 

territory and reduce the local threat of predation (Shedd 1982, Pettifor 1990, Curio 1994,



Flasskamp 1994, Winkler 1994). Our finding that during the autumn, migrant species 

mobbed for a shorter duration of time and at less intensity than residents in the post

playback period is consistent with this hypothesis. Most resident species of forest 

songbird observed in this study were likely to be territorial even in late summer or early 

autumn. The territorial bovmdaries of the migrant species observed (e.g., least flycatcher 

[Empidonax minimus], black-throated green warbler [Dendroica virens\, and black- 

throated blue warbler) usually break down at the end of the breeding season in mid

summer (Briskie 1993, Holmes 1994, Morse 1993). If birds mob in order to move 

predators from local territories, it is logical to assume that birds with loosely defmed 

territorial boundaries would mob at lower intensities than those with more rigidly defined 

boundaries. If territories do not exist, it would probably be energetically less expensive 

and less risky to move away from the location of a predator than to mob (Zimmerman 

and Curio 1988). Degree of territoriality may thus be a further factor which influences 

the costs and benefits associated with mobbing.

Our results emphasize that the variability of anti-predator mobbing behavior m 

birds is driven by different factors throughout the life of a bird. The hypotheses we tested 

were by no means exclusive of each other, but we believe they have allowed us to gain 

some insight into why such variability exists. The dominant theme appears to be "risk". 

At some level, whether conscious or innate, birds are making a decision to participate in 

mobbing based on the degree of risk. Is there a direct risk to the individual if it 

participates? Is there an indirect risk to its offspring if it participates (e.g., lost feeding 

time or the inability to provide thermoregulation)? Or, is there a direct risk to offspring if 

it doesn't participate? By participating in mobbing and moving a predator out of a



territory, an individual has not only demonstrated its own fitness to potential mates, but 

also improved the likelihood for survival of its future offspring. The variability in 

mobbing behavior that others and we have observed is evidence that the behavior of 

forest songbirds is consistent with at least some of the costs and benefits of initiating and 

participating in anti-predator mobbing behavior. An adaptive significance must exist for 

birds to be capable of adjusting their degree of involvement in mobbing to the degree of 

jeopardy posed by a predator, whether that jeopardy takes the form of direct threats to 

survival or less measurable indirect threats to overall fitness.
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Table 3.1. List of species attracted to mobbing playback tape at least 
once in the New Brunswick study area. All species were present 
during both seasons.

Species
Season of 
Mobbing 

Response’

ruby-throated hummingbird {Archilochus colubris ) 

yellow-bellied sapsucker (Sphyrapicus varius ) 

downy woodpecker {Picoides pubescens ) 

hairy woodpecker {Picoides villosus ) 

northern flicker {Colaptes auratus ) 

pileated woodpecker {Dryocopus pileatus ) 

olive-sided flycatcher {Contopus borealis ) 

eastern wood-pewee {Contopus virens ) 

yellow-bellied flycatcher {Empidonax flaviventris ) 

alder flycatcher {Empidonax alnorum ) 

least flycatcher {Empidonax minimus ) 

blue-headed vireo ( Vireo solitarius )

Philadelphia vireo {Vireophiladelphicus) 

red-eyed vireo {Vireo olivaceus) 

gray jay {Perisoreus canadensis ) 

blue jay {Cyanocitta cristata) 

black-capped chickadee {Poecile atricapilla ) 

boreal chickadee {Poecile hudsonicus) 

red-breasted nuthatch {Sitta canadensis ) 

white-breasted nuthatch {Sitia carolinensis) 

brown creeper {Certhia americana ) 

winter wren {Troglodytes troglodytes) 

golden-crowned kinglet (Regulus satrapa ) 

ruby-crowned kinglet {Regulus calendula ) 

veery {Catharus fuscescens )

**

**

**

**

**



Table 3.1 (cont.)

Swainson’s thrush {Catharus ustulatus ) **

hennit thrush {Catharus guttatus ) **

American robin (Turdus migratorius ) * *

cedar waxwing {Bombycilla cedrorum ) * *

Nashville warbler ( Vermivora ruficapilla ) * *

northern parula {Parula americana ) * *

chestnut-sided warbler {Dendroica pensylvanica ) **

magnolia warbler {Dendroica magnolia ) * *

black-throated blue warbler {Dendroica caerulescen, **

yellow-rumped warbler {Dendroica coronata ) * *

black-throated green warbler {Dendroica virens ) * *

blackbumian warbler {Dendroica fusca ) **

bay-breasted warbler {Dendroica castanea ) *

black-and-white warbler {Mniotilta varia ) * *

American redstart {Setophaga ruticilla ) * *

ovenbird {Seiurus aurocapillus ) * *

mourning warbler {Oporornis philadelphia ) * *

common yellowthroat {Geothlypis trichas ) * *

Canada warbler ( Wilsonia candensis ) * *

scarlet tanager {Piranga olivacea ) * *

song sparrow {Melospiza melodia ) * *

Lincoln's sparrow {Melospiza lincolnii ) **

white-throated sparrow (Zo«o/nc/zw a/ô/co//w ) **

dark-eyed j unco {Junco hyemalis ) * *

rose-breasted grosbeak {Pheucticus ludovicianus ) * *

purple fmch {Carpodacus purpureus ) ** 

pine siskin {Carduelis pinus )

American goldfinch {Carduelis tristis ) * *

evening grosbeak {Coccothraustes vespertinus ) * *

* * = fall response only; ** = response in both seasons



Table 3.2. Duration of mobbing (seconds) by individuals in the presence or absence of decoys during and post 
playback of black-capped chickadee mobbing calls. Analysis of Variance (ANOVA) results comparing 
duration of mobbing in the presence of different decoys.

Ln

Decoy Type 
(factors)

During Playback 

n Mean SE

ANOVA Results 

df F-ratio p

Post Playback 

n Mean SE

ANOVA Results 

df F-ratio p

any owl 215 159.6 5.7 344 0.80 0.37 164 130.7 6.9 210 32.03 <0.001

no owl 130 151.0 8.1 47 54.8 7.1

no owl 130 151.0 8.1 344 0.47 0.63 47 54.8 7.1 210 15.95 <0.001*

screech-owl 115 157.5 7.3 103 131.3 8.6

great homed owl 100 162.0 9.0 61 129.7 11.6

Bonferroni post-hoc results: "no owl" < "screech-owl" and "great homed owl",/? < 0.001



Table 3.3. Mean number of mobbing individuals in the presence or 
absence of decoys during playback of black-capped chickadee mobbing 
calls. Analysis of Variance (ANOVA) results comparing mean number of 
mobbing individuals in the presence of different decoys.

Decoy Type n Mean SE
ANOVA Results 

df F-ratio p
any owl 44 5.30 0.60 70 0.70 0.41
no ov l̂ 27 4.56 0.69

no oŵ l 27 4.56 0.69 70 0.46 0.63
screech-owl 23 5.61 0.90
great homed owl 21 5.05 0.80



Table 3.4. Mean number of individuals (all species and combined black-throated blue 
warblers and ovenbirds) responding to playbacks of black-capped chickadee mobbing 
calls during five rounds of visits to each station (n = 143 stations). Data are pooled over 
time of day. Analysis of Variance (ANOVA) results comparing number of individuals

Mean 
Number of 
Individuals 
per Station 
(All Species) ANOVA Results

Mean Number of 
Individuals per 
Station (black- 
throated blue 
warblers + 
ovenbirds) ANOVA Results

Roimd Mean SE df F-ratio p Mean SE df F-ratio p

1 3.93 0.29 714 27.908 <0.01* 0.23 0.05 714 3.43 0.01**

2 2.12 0.17 0.19 0.04

3 1.93 0.18 0.15 0.04

4 1.76 0.16 0.15 0.03

5 1.20 0.14 0.05 0.02

* Bonferroni post-hoc results: "Round 1" > Rounds 2 through 5 ,p  <0.01; "Round 2" > 
"Round 5",/7 =0.01

Bonferroni post-hoc results: "Round 1 " > "Roimd 5",p < 0.01



Table 3.5. Mean number of individuals (all species) responding to playbacks of black-capped 
chickadee mobbing calls during five rounds of visits to each station (n = 143 stations) at three 
different times of day. Analysis of Variance (ANOVA) results comparing number of 
individuals per station in each round and time period.

Time 1; 0500 - 
1000 hrs

Time 2: 1000 
1200 hrs

1 - Time 3: 1200- 
1500 hrs ANOVA Results

Round n Mean SE n Mean SE n Mean SE df F-ratio P

All Rounds 413 2.06 0.12 214 2.16 0.18 120 2.11 0.25 746 0.12 0.89

1 59 3.24 0.47 48 4.67 0.48 45 3.27 0.50 151 2.78 0.07

2 102 2.02 0.19 26 2.04 0.47 18 2.44 0.63 145 0.32 0.73

3 62 2.39 0.31 55 1.35 0.25 30 1.80 0.34 146 3.55 0.03*

4 105 1.89 0.19 39 1.33 0.21 6 0.33 0.33 149 3.07 0.05

5 85 1.26 0.19 46 1.28 0.26 21 0.29 0.14 151 3.32 0.04**

* Bonferroni post-hoc results: "Time 1" > "Time 2“, p  -  0.03

** Bonferroni post-hoc results: "Time 1" > "Time 3 ' \ p  = 0.04



Table 3.6. Duration of mobbing (seconds) by individuals (migratory and resident 
species) during and after playback of black-capped chickadee mobbing calls. Analysis of 
Variance (ANOVA) results comparing duration of mobbing between migrants and 
residents.

Duration of Mobbing per 
Individual (seconds) ANOVA Results

Migratory Status n Mean SE df F-ratio P

During Playback

Migratory 31 111.3 14.68 333 9.58 <0.01

Resident 303 161.7 4.99

After Playback

Migratory 9 113.3 26.61 207 <0.001 0.997

Resident 199 113.4 6.18



Figure 3.1a. Proportion o f  mobbing individuals in each mobbing intensity category during the autumn 
season; owl present (n =  44 stations, 215 mobbing individuals) versus no owl (n =  27 stations, 130 
mobbing individuals) playbacks.

LAVO

1 no owl 
I owl present



Figure 3.1b. Proportion o f  mobbing individuals in each mobbing intensity category during the autumn 
season; screech-owl (n =  23 stations, 1̂ 15 mobbing individuals) versus great homed owl (n =  21 stations, 
100 mobbing individuals) playbacks.
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Figure 3.2a. Dates of breeding activities in relation to number of mobbing 
participants and mobbing intensity (all species; 1997, See Table 3.5 for n and SE). 
Roiand 1 = 1 Jun - 6 Jun; Between Rounds (1) = 7 Jim -15 Jun; Round 2 = ,16 Jun 
- 29 Jun; Round 3 = 30 Jun - 3 Jul; Between Rounds (2) = 4 Jul -10 Jul; Round 4 
= 11 Jul -17 Jul; Between Rounds (3) = 18 Jul - 22 Jul; Round 5 = 23 Jul - 28 Jul.
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Figure 3.2b. Dates of breeding activities in relation to number of mobbing 
participants and mobbing intensity (ovenbirds and black-throated blue warblers 
only; 1997, See Table 3.5 for n and SE). Roimd 1 = 1 Jun - 6 Jun; Between 
Rounds (1) = 7 Jun -15 Jun; Round 2 = 1 6  Jun - 29 Jun; Round 3 = 30 Jun - 3 Jul; 
Between Rounds (2) = 4 Jul -10  Jul; Round 4 = 11 Jul -17 Jul; Between Rounds 
(3) = 18 Jul - 22 Jul; Round 5 = 23 Jul - 28 Jul.
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Figure 3.4. Proportion o f  migrants and resident mobbing individuals in each mobbing intensity score category 
during the summer. Round 1 (n =  143 stations; 135 residents, 359 migrants).
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Abstract

The abundance of a species is often assumed to be an adequate indicator of habitat 

quality. When the relationship between abundance and habitat quality is decoupled, 

interpretation of species abundance data becomes misleading. Habitat quality for 

songbirds is generally measured in terms of the reproductive success achieved by 

individuals. We compared calculated Spearman rank correlations between abundance 

data for eight species of songbirds and an assessment of reproductive activity in two 

contrasting study sites. Abundance and reproductive activity data were collected on 8 x 8 

systematic grids with stations spaced 250 m apart. More than half (56%) of the 

abundance and reproductive activity comparisons were not statistically significant. Only 

two species had significant positive relationships on both study areas. The results 

reinforce the need to consider a measure of reproductive success in addition to abundance 

or density when studying the effects of human disturbance on bird populations.



Introduction

Until recently, studies of the impact of forest management activities on songbird 

populations have relied mainly on species abundance or density as indicators of species 

response (e.g., Meslow and Wight 1975, Conner and Adkisson 1975, Franzreb 1977, 

Webb et al. 1977, Crawford and Titterington 1979 and others therein). As avian 

ecologists, we were content to assume that the density of a certain species was a 

reflection of the relative quality of the corresponding site (or habitat type) and its ability 

to provide the resources required by individuals to survive and reproduce successfully. 

Van Home (1983) challenged this assumption, arguing that density alone may be a 

"misleading indicator of habitat quality." Van Home provided cross-taxa evidence from 

her own work, and the work of others, of situations where areas of high population 

density exhibited little or no reproductive output. Clearly, a habitat should not be 

considered of high quality if  individuals present are unable to reproduce successfully.

Van Home urged researchers to incorporate a measure of reproductive success in addition 

to measures of abundance or density into study designs. Despite Van Home's advice, 

avian studies with the sole use of density or abundance as a dependent variable remained 

dominant into the 1990's (Mannan and Meslow 1984, Niemi and Hanowski 1984,

Morgan and Freedman 1986, Morrison 1992, Probst et al. 1992, Welsh and Healy 1993, 

Hagan et al. 1997, Robinson and Robinson 1999, Lichstein et al. 2002). In a few of these 

studies, Van Home's paper was referred to as a caveat to interpreting the results in the 

absence of direct data on reproductive success (Morrison 1992, Welsh and Healy 1993, 

Hagan et al. 1997, Lichstein et al. 2002).



By the early 1990's, additional empirical evidence was accumulating to support 

the necessity to consider a measure of reproductive success in addition to density in 

studies of forest songbird response to human disturbance (Robbins et al. 1989, Vickery et 

al. 1992a). Hagan et al. (1996) also provided convincing evidence that a measure of 

reproductive success is needed by showing that ovenbirds {Seiurus aurocapillus) were 

experiencing low pairing success in areas of high population density in the years 

following harvesting of adjacent stands. This example illustrates the pitfall of assuming 

that population density reflects reproductive success, particularly when management 

recommendations are made based on this potentially false assumption.

The slow incorporation of fitness parameters such as pairing or reproductive 

success in study designs may be related more to the difficulties in collecting adequate 

data than to a lack of recognition of their importance. Assessing reproductive success, of 

forest songbirds in particular, can be very labor intensive. Absolute measures of 

reproductive success require the location of active nests (preferably during nest building), 

followed by constant monitoring to determine the final outcome (i.e., the number of 

yoimg successfully fledged) (Martin and Geupel 1993). In addition, recognition of the 

importance of community-level and landscape-scale studies of songbirds has also 

contributed to the difficulty of incorporating reproductive success in study designs. 

Monitoring the reproductive success of an entire community of birds on a landscape scale 

is logistically difficult if not impossible. Even ignoring the fact that the nests of many 

species of birds would be nearly impossible to locate, the scale of the task is prohibitive 

(Robinson 1992). A few regional scale programs currently attempt to monitor 

reproductive success (e.g.. Nest Record Program, Monitoring Avian Productivity and



Survivorship (MAPS), and Breeding Biology Research and monitoring Database 

(BBIRD)) (Butcher et al. 1993), but the methods upon which these programs are based 

would not be practical to use on a large spatial scale (e.g., a 5000 ha plot) unless large 

numbers of well-trained volunteers were available. Despite the difficulties, several 

methods have recently been developed to make reliable assessments of reproductive 

success on a landscape scale (du Feu and McMeeking 1991, Vickery et al. 1992b, Nur 

and Geupel 1993, Buford et al. 1996, Gunn at al. 2000). Many other recent studies have 

incorporated more direct methods of assessing reproductive success into studies of forest 

songbird response to disturbance (Donovan et al. 1995, Robinson et al. 1995, Sabine et 

al. 1996, Rodewald and Yahner 2000, Bourque and Villard 2001).

We present here a comparison of species abundance data to reproductive activity 

data collected on several forest bird species within two contrasting managed forest 

landscapes. Our study was not designed to test this relationship directly, but suitable data 

were collected as part of a larger study of landscape-scale relationships between forest 

songbird reproductive activity and habitat variables (Chapter 5). The analysis is 

exploratory in nature and is not intended to determine any causal mechanisms of 

differences or similarities between abimdance and reproductive activity. Such baseline 

information will help interpret additional analyses of both abundance and reproductive 

activity data from this study area.

Studv Area and Methods

Study Area — The study area was located near Plaster Rock, New Brunswick, west of 

the Tobique River (47°17’ N; 67°20’ W), within the Acadian forest region (Rowe 1972).



The vegetation was dominated by mature stands of sugar maple (Acer saccharum), 

American beech (Fagus grandifolia), and yellow birch (Betula alleghaniensis), along 

with balsam fir (Abies balsamea) and red spruce (Picea rubens) stands, interspersed with 

black spruce (P. mariana) plantations.

We conducted the study on a 306-ha grid (8 x 8  points spaced approximately 250 

m apart) in each of two contrasting study sites. One grid was placed in a moderately- 

managed landscape, in which plantations covered 7% of the surrounding landscape and 

scattered selection cuts (partial harvests) covering 5%. The second grid was placed in an 

intensively-managed landscape that was typified by greater use of plantation silviculture, 

both commercial and silvicultural clearcutting (53% of landscape) and by extensive 

selection cutting in hardwood stands (17%). Plantations and commercial clearcuts with 

natural regeneration had been established one to twelve years prior to the study.

Songbird Abundance — Point count censuses (Blondel et al. 1981) were conducted from 

May - July 1997 (0530 -1000 hrs) during three 10-min visits to each station (30 min total 

census time). We used the maximum abundance score recorded within 100 m per 5-min 

period (two 5-min periods during each visit) spent at each station during the breeding 

season as a measure of abundance (see Ralph et al. 1993). Detections were scored as 

follows; 0.5 = silent individual seen, or call heard; 1.0 = singing male; 2.0 = male and 

female seen.

Reproductive Activity Ranks — We used playbacks of black-capped chickadee (Poecile 

atricapilla) mobbing calls to obtain direct observations of reproductive activity (pairs



seen, adults carrying food or nesting material, or adults feeding fledglings) at each station 

(Gunn et al. 2000). Each station was visited five times throughout the breeding season 

(from May - July 1997) to assess the reproductive activity of eight focal species 

representing different foraging and nesting strategies (see Table 4.1 for species list). We 

calculated a rank of reproductive activity for each station and species. Ranks were 

determined as follows: 0 = absent; 1 = transient male (detected only once); 2 = territorial 

male (detected more than once); 3 = pair observed or individual carrying nesting 

material; 4 = food carry or fledglings observed). The method was found to reflect the 

trend in reproductive success detected by intensive nest monitoring on the same study 

grids (see Gunn et al. 2000 for details).

Statistical Analyses — We used Spearman rank correlation to measure concordance 

between the songbird abundance data and reproductive activity ranks on each study site. 

Reproductive activity rank data are ordinal and abimdance data are counts. Significance 

was determined by consulting a table of two-tailed significance levels for the correlation 

coefficient r (df = n-2). For each species, only stations where at least one individual was 

detected were used in the Spearman correlation analysis. We chose to analyze the data in 

this way because an absence at a station could either mean the habitat was completely 

unsuitable, or the habitat was suitable but simply unoccupied. This decision focused the 

analysis on the relationship between abundance and reproductive activity, rather than 

presence-absence. This distinction is particularly important because the systematic 

sampling design we used resulted in the placement of stations in habitats that ranged 

widely in suitability for different species.



Results

We foimd statistically significant {p < 0.05) correlations between abundance and 

reproductive activity for 7 of the 16 relationships examined (8 species X 2 study sites) 

(Table 4.1). Thus, the majority (56%) of species abundance and reproductive activity 

relationships were not statistically significant (Table 4.1). Five species in the moderately 

managed study site and four species in the intensively managed study site did not have 

significant relationships. Only two species, the black-throated blue warbler {Dendroica 

caerulescens) and the red-eyed vireo {Vireo olivaceus), had significant positive 

relationships in both study areas. Three species, the ovenbird, black-throated green 

warbler {Dendroica virens), and the American redstart (Setophaga ruticilld), had a 

significant positive relationship in one study area. The remaining species, black-capped 

chickadee, northern parula {Parula americand), and blackbumian warbler {Dendroica 

fusca), did not have a significant relationship between abundance and reproductive 

activity in either study site.

Discussion

The inconsistent presence of a significant positive relationship between songbird 

abundance and reproductive activity on the two different study sites is further evidence 

that we must not rely simply on measures of abundance to study the effects of land-use 

practices on songbird populations. The unpredictability of the positive relationships we 

did observe also makes it difficult to rely solely on measures of abundance. Of the three 

species with a significant positive relationship occurring on only one of the two study 

sites, two positive relationships occurred on the intensively managed site and one on the



moderately managed site. Even though sample size was equal to one for each type of 

site, an intriguing pattern would have emerged if all three species showed significant 

relationships on the same site. Similarly, the species without a significant relationship on 

either site represent very different life histories. In particular, the black-capped chickadee 

is a resident, while both the blackbumian warbler and the northern parula are Neotropical 

migrants. Again, lack of adequate sample size and replication at the site level makes 

generalization difficult. In a study designed specifically to test the relationship between 

density and productivity over a landscape scale with replicates for each type of site (as 

ours was not), it would be worthwhile to explore other characteristics these species may 

have in common.

We must continue to search for patterns in environmental conditions and species 

characteristics that produce abundances that could be misleading when trying to make 

inferences about reproductive success (i.e., habitat quality). Understanding which 

scenarios decouple the positive relationship between abundance and habitat quality may 

hold the key to understanding how our alterations to habitat are influencing songbird 

populations. Van Home (1983) identified three environmental and three organismal 

characteristics associated with a high probability that density is not positively correlated 

with habitat quality. The environmental characteristics are: seasonal habitats, temporal 

unpredictability, and habitat patchiness. Species that are generalists, have a high 

reproductive capacity, or have social dominance interactions are also likely to have 

densities that are not necessarily correlated with habitat quality (Van Home 1983). Van 

Home's prediction of this decoupling being more likely in patchy habitats and 

unpredictable environments is perhaps most relevant to avian ecologists studying the



impacts of forest management activities on songbird populations. The patchiness must 

occur on a scale that allows for movement between patches should environmental 

unpredictability produce wide density changes in the resident animals (Van Home 1983). 

In the context of industrial forestry, environmental unpredictability could be brought 

about through the harvest of existing patches, thus increasing the density within 

remaining patches. This would be the case only if the patches are close enough to allow 

movement among them, or discovery during searching following retum-migration to the 

breeding areas in the following spring.

We recognize that fitness includes survival as well as reproductive success. 

Assessing reproductive activity is an incomplete advance on measuring density alone; but 

it is clearly an advance. Only if reproductive success and survival varied inversely across 

the landscape would measuring one without the other be no improvement on measuring 

density or abundance alone. We know of no evidence that survival and productivity vary 

this way, and await the development of techniques to assess survival over large spatial 

scales that would allow this possibility to be explored.

The study design for our data collection was not intended to produce the 

replication and treatments necessary to test the applicability of characteristics Van Home 

identified. Nevertheless, this exploratory analysis of the relationship between species 

abundance and reproductive activity contributes valuable insight to the interpretation of 

future analyses of these data.
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Table 4.1. Spearman rank correlation analysis of point count abundance 
data compared to reproductive activity data on moderately-managed 
and intensively-managed study areas.

Moderately-managed Study Area

Speai-nian Correlation 

Species Coefficient n

red-eyed vireo 0.326 53 *

black-capped chickadee -0.097 39 n.s.

northern parula 0.219 54 n.s.

black-throated blue warbler 0.392 56 **

black-throated green warbler 0.218 53 n.s.

blackbumian warbler -0.09 30 n.s.

American redstart 0.282 48 n.s.

ovenbird 0.495 60 **



Intensively-managed Study Area

Spearman Correlation 

Species Coefficient n

red-eyed vireo 0.607 35

black-capped chickadee 0.322 17 n.s.

northern parula 0.116 28 n.s.

black-throated blue warbler 0.453 30 *

black-throated green warbler 0.621 29 **

blackbumian warbler -0.128 23 n.s.

American redstart 0.516 23 *

ovenbird 0.283

■ r\ r\r - f c î f c j _____  ̂n /\t

34 n.s.

/7>0.10
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Abstract

In the northern hardwood forest of New Brunswick, Canada, industrial forest 

management affects both within-stand vegetation and landscape structure, which in turn 

may affect forest songbird reproductive success. We used a systematic and spatially- 

explicit study design to investigate patterns in the spatial structure of forest songbird 

reproductive activity in three study grids of varying silvicultural intensity. Depending on 

the bird species and the study grid, reproductive activity was spatially autocorrelated over 

distances of up to 804 m. As silvicultural intensity increased, spatial dependence of 

reproductive activity was generally more likely. Our results demonstrate that studies 

must be carefully designed to mitigate effects of spatial dependence in point samples of 

bird productivity. We then used canonical correspondence analysis to assess the relative 

effects of local (< 100 m of sampling station) and landscape (within 500 m and 1km of 

sampling station) variables on reproductive activity. Measures of local vegetation, in 

particular the basal area of American beech (Fagus grandifolia) and sugar maple {Acer 

saccharum), were the most important variables influencing reproductive activity on two 

of the three study grids. In the third study grid, the area of tolerant hardwood forest 

within 1 km of the sample locations was most important, although the significance of this 

variable was confounded by the presence of spatially structured environmental data. Of 

the local variables sampled, basal area/ha of American beech had the most significant 

influence on the reproductive activity of the bird species studied. Black-throated blue 

warblers (Dendroica caerulescens), red-eyed vireos {Vireo olivaceus), and black-throated 

green warblers {Dendroica virens) were particularly strongly associated with above 

average densities of beech. Despite this relationship, when reproductive activit>' was



compared among grids, the lack of beech on the most intensively managed study grid did 

not appear to reduce the likelihood of successful reproduction for these species.

Densities of other tolerant hardwood species likely compensated for the lack of beech. 

Landscape effects were generally secondary to local effects, but the proportion of 

umnanaged or lightly harvested forest remaining on even the most intensively managed 

study area was relatively high (47%). Should this proportion decline further, then 

landscape effects will likely gain importance.

Introduction

Forestry influences the distribution and abundance of forest birds throughout the 

world (e.g., Angelstam and Mikusinski 1994, Dale et al. 1994, Hagan et al. 1996 and 

1997, Schmiegelow et al. 1997). The nature of the influence, however, is less clear. 

Forestry, through silvicultural practices, may benefit certain species while having an 

adverse impact on others (Crawford et al. 1981, Thompson et al. 1995, Hagan et al.

1997). Much of the forest of northeastern North America is managed for forest products, 

using silvicultural practices that can dramatically alter natural ecological processes and 

disturbance regimes (Oliver and Larson 1996). Silvicultural practices can alter natural 

processes by: (1) changing landscape structure and composition (Thompson et al. 1995); 

(2) modifying within-stand structural features (Haila et al. 1994); (3) reducing or 

eliminating particular microhabitat features such as dead standing wood (Guim and 

Hagan 2000); and (4) increasing/creating negative edge effects (Small and Hunter 1988).

Studies of the impacts of silvicultural practices on forest birds have measured 

mainly species presence or abundance as response variables (Crawford and Titterington



1979, Morgan and Freedman 1986, Rudnicky and Hunter 1993, McGarigal and McComb 

1995, Hagan et al. 1997, Drapeau et al. 2000, Simon et al. 2000). However, there is 

evidence that abundance may not provide an accurate assessment of the impacts of land- 

use practices on songbird populations (Van Home 1983, Vickery et al. 1992). Several 

studies have sought to assess the effects of silvicultural practices on nest predation rates 

using artificial nests (Rudnicky and Hunter 1993, Vander Haegen and DeGraaf 1996, 

Bayne and Hobson 1997, Tittler and Hannon 2000, Carignan and Villard 2002) and a few 

have investigated the effects on the pairing or reproductive success of a small number of 

species (Hagan et al. 1996, Sabine et al. 1996, Rodewald and Yahner 2000, Bourque and 

Villard 2001). However, to our knowledge, only Buford and Capen (1999) have assessed 

the impacts of silvicultural practices on the reproductive success of an assemblage of 

forest songbird species at a landscape scale.

The potential role of landscape-scale ecological processes on animal taxa has 

received increasing attention in recent years (Dunning et al. 1992, Probst and Weinrich 

1993, Taylor et al. 1993, Villard et al. 1993,1995, Bowman et al. 2001). Vertebrates in 

particular, appear to be sensitive to landscape-scale processes. In a recent review of 

research quantifying both landscape and patch scale effects on species presence and 

abundance, 79.5% (n=41,25 studies involved birds) of studies showed that vertebrates 

were more strongly related to landscape context than to patch variables (Mazerolle and 

Villard 1999). Nonetheless, the majority of research on forest songbirds has focused on 

within-stand or local effects of silvicultural practices (i.e., vegetation structure and 

composition), while only a few recent studies have explicitly addressed landscape effects 

in a forestry context (McGarigal and McComb 1995, Edenius and Elmberg 1996,



Drapeau et al. 2000, Mitchell et al. 2001, Hagan and Meehan 2002, Lichstein et al. 2002). 

Even fewer studies have used an indicator of fitness to assess species response.

In this study, we investigated three aspects of landscape ecology relative to the 

reproductive activity of a forest bird assemblage in managed forests of northwestern New 

Brunswick. The three aspects were: (1) the relative importance of local versus landscape- 

scale variables; (2) effects of harvesting intensity; and (3) the spatial structure of 

reproductive activity. The bird assemblage was composed of eight species that 

responded frequently to playbacks of black-capped chickadee {Poecile atricapilla) 

mobbing calls and these species are generally associated with forest structures occurring 

in later stand development stages (e.g., Hagan and Meehan 2002). We chose three study 

sites within two different landscape contexts representing varying intensities of 

silviculture.

Local vs. Landscape —  Understanding the relative influence of local versus landscape- 

scale processes on songbird reproductive success is particularly important within the 

highly managed context of an industrial forest. We use the term “local” to refer to 

environmental variables measured within 100 m of a sampling location and “landscape” 

(or landscape-scale) to refer to envirorunental variables measured within 500 m and 1 km 

from a sampling station. Local vegetation structure and composition has long been 

recognized as an important factor in determining both the number of coexisting species 

(Willson 1974) and the reproductive success of forest birds (e.g., Probst and Hayes 1987, 

Holmes et al. 1996). Local vegetation structure and composition variables were chosen 

based upon knowledge of life history requirements for all the species studied, as well as



making reference to comparable studies in the region (e.g., Hagan et al. 1996 and Hagan 

and Meehan 2002). In addition, nest predation rates are a primary factor determining 

songbird reproductive success (e.g.. Gates and Gysel 1978). Therefore, we considered 

the abundance of nest predators within 100 m of a sampling station as local 

environmental variables.

Landscape structure, or the amount, type, and spatial arrangement of habitat in the 

surrounding area, can affect songbird movements (Gobeil and Villard 2002), the 

likelihood of finding a mate (Cooper and Walters 2002), food availability (Holmes et al. 

1996), or the total breeding habitat available to individuals displaced by disturbances 

(Hagan et al. 1996). Relationship to landscape structure can also be driven by other, 

unknown processes that affect the ability of songbirds to reproduce successfully. In a 

forest-dominated landscape, the matrix is a gradient of suitable habitat rather than the 

generally hostile versus suitable contrast that tends to be found in a forest/agricultural 

landscape.

The cost and feasibility of managing forests while considering biodiversity or 

individual species’ needs is directly related to the scale at which organisms respond.

Cost and effort to manage forests at a local scale is low relative to management that 

requires consideration of complex landscape-scale interactions. The relative importance 

of within-stand and landscape-scale processes must be better understood if large-scale 

forest management planning is to include biodiversity objectives. We assumed that as 

silvicultural treatment intensity increases across the landscape, the suitability of matrix 

habitat available for bird species associated with advanced stand development stages



decreases. Thus, at high levels of silvicultural intensity, we predicted that landscape 

structure would become a more significant predictor of reproductive activity.

Effects of Harvesting Intensity — Frequent and widespread harvesting in an industrial 

forest inevitably leads to the loss and fragmentation of habitat for some species. Andrén 

(1994) further defined firagmentation as the increasing isolation and reduction in size of 

habitat patches. Pure habitat loss is clearly a potential direct impact of increased 

harvesting intensity across a forest landscape. However, we were interested in indirectly 

assessing the effects of fragmentation by investigating the relationship between songbird 

reproductive activity and harvesting intensity in the surrounding landscape. We predicted 

that the relative reproductive activity (i.e., the proportion of sites where species are 

present and had evidence of reproductive activity) of individual species would be lowest 

in the study grid with high levels of recent silvicultural activity, followed by the study 

grid with moderate silvicultural activity, and highest in the study grid vwth relatively low 

levels of silvicultural activity.

Spatial Structure —  Organisms often occur in nature in some spatially structured manner, 

whether individuals are aggregated in patches or form gradients (Legendre and Fortin 

1989). Knowledge of the spatial structure of a phenomenon can provide insight into the 

underlying process that created the structure (Legendre 1993). For example, spatial 

autocorrelation in the reproductive activity or success of a species might reflect the 

presence of high quality habitat and conspecific attraction to specific sites (Doligez et al. 

1999). Spatial structure can also be a reflection of underlying behavioral interactions



such as predation and competition within a community. Additionally, measuring spatial 

structure becomes important when relating species data to environmental variables that 

may also be spatially structured. Failure to account for spatial structure that is shared by 

both the enviroimiental variables and the species response may lead to incorrect 

interpretations of data (Legendre et al. 2002). In order to better understand the 

landscape-scale factors that affect songbird populations in managed forests, we explored 

the spatial structure in reproductive activity and vegetation (basal area of dominant tree 

species) within the three study grids.

Studv Area and Methods

Study Area — The study area was located in northwestern New Brunswick, Canada, west 

of the Tobique River (47° N; 67°W), v^thin the Acadian forest region. The upland 

landscape was characterized by tolerant hardwood stands dominated by sugar maple 

{Acer saccharum), American beech (Fagus grandifolia), and yellow birch {Betula 

alleghaniensis). Stands of balsam fir {Abies balsamed), red spruce {Picea rubens), and 

black spruce {P. mariana) dominated the lower elevation riparian zones. Silvicultural 

practices in the region included: shelterwood systems, group selection (“partial cutting”) 

systems, commercial clearcut with natural regeneration, and silvicultural clearcut with 

artificial regeneration. The “partial cutting” performed witliin the study area typically 

removed 30% of the basal area on a 20-year cutting cycle (G. Couturier, personal 

communication). Artificial regeneration was primarily in the form of black spruce 

plantations.



Sampling Design — We conducted the study in May - July 1997 on two 306-ha grids (8 

X 8 sample locations spaced approximately 250 m apart) and in May - July 1998 on one 

218-ha grid (a smaller 6 x 8  grid was used because of time constraints). Our study 

considered primarily structural environmental variables that would not likely change 

dramatically as a result o f environmental variation over a one year period. Therefore, we 

considered any variation in local environmental conditions to have minimal impact on the 

relationship between environmental variables and songbird reproductive activity.

Further, harvesting did not occur v^thin or nearby the study grids between years. 

Additionally, between-grid comparisons of reproductive activity were not the focus of 

this study, which also minimizes the concern for any significant undetected 

environmental variation that may have occurred. Systematic sampling grids were used to 

detect the presence of spatial structure (Fortin et al. 1989, Roland and Taylor 1997). Two 

grids were placed in a moderately managed landscape in which plantations and 

commercial clearcuts covered less than 10% of the surroimding landscape and where 

partial cuts in tolerant hardwood stands covered less than 15% of the landscape. One of 

these grids was centered in an area of comparatively moderate level of harvesting activity 

within the study grid (MM, Table 5.1), while the other was centered in an area 

characterized by a lower degree of harvesting activity within the study grid (ML, Table 

5.1). The third grid was placed in a landscape that was typified by more plantation 

silviculture (covering greater Üian 30% of the surroimding landscape) and a moderate 

level of partial harvesting. Silvicultural intensity was high and both the landscape level 

and within the study grid (HH, Table 5.1 ).



Reproductive Activity —We used playbacks of black-capped chickadee mobbing calls to 

obtain direct observations of activities related to breeding or reproduction (pairs seen, 

adults carrying nesting material, adults carrying food, or adults feeding fledglings) at 

each sampling station. The method is described in detail elsewhere (Gunn et al. 2000). 

Each sampling station was visited five times throughout the breeding season (firom May - 

July) to assess the reproductive activity of eight focal species. The focal species were 

chosen because they (1) responded frequently to mobbing playbacks and (2) occurred in 

high enough abundances to allow statistical analyses. These focal species (Table 5.2) 

represent different foraging and nesting guilds and so should reflect a wide range of 

possible effects of landscape structure. We calculated a rank of reproductive activity for 

each sample station and each species. Ranks were determined as follows: 0 = absence of 

the species; 1 = transient male (detected only once); 2 = territorial male (detected more 

than once); 3 = pair observed or individual carrying nesting material; 4 = food carry or 

fledglings observed. The method was found to reflect the trend in reproductive success 

detected during intensive nest searching and monitoring on the same study grids (Gunn et 

al. 2000).

Local and Landscape Environmental Variables —We sampled local overstory and 

understory vegetation on three 10 x 20 m plots distributed within 100 m of each station. 

One plot was placed with the edge 5 m west of the station (to avoid the effects of 

observer traffic on ground vegetation). Two other plots were placed 75 m from the 

station at two of the following positions; north, southeast, or southwest. For each 

overstory and understory vegetation variable, the sum of measurements made in the three



plots was used to describe "local" vegetation (Table 5.3). We also estimated the 

abundance of several major nest predators through acoustic detections during bird 

surveys. These species, namely red squirrel (Tamiasciurus hudsonicus), eastern 

chipmunk {Tamias striatus), and Corvids (gray jay [Perisoreus canadensis], blue jay 

[Cyanocitta cristatd\, American crow [Corvus brachyrhynchos}, common raven [Corvws 

corax]), have all been found to attack artificial nests in an experiment conducted in tlie 

same study area (Carignan and Villard, 2002). We used the nest predator variables (avian 

and manmialian) as local environmental variables in the subsequent Canonical 

Correspondence Analysis (CCA; Table 5.3).

In the CCA, described in detail below, the number of local envirormiental 

variables and landscape Variables used needs to be similar; this procedure provides a 

balanced assessment of the relative effects o f the variables in the environmental matrix 

(here, local and landscape variables) on the response matrix (ter Braak 1986). The 

number of local environmental variables collected was much higher than that of 

landscape variables. Therefore, we selected variables most strongly correlated (mean 

Spearman correlation coefficient > 0.5) with the reproductive activity ranks of all eight 

bird species in each landscape for use in the correspondmg analyses (Table 5.3).

Landscape structure variables were measured using geographic information 

system (G.I.S.) stand data provided by Fraser Papers-Nexfor, Inc. Sampling stations 

were located spatially to within 2-m accuracy using a global positioning system with 

differential correction. We calculated the total area of different land cover types (Table

5.3) within 500 m and 1 km radii of each sampling station using G.I.S. software 

(ArcView v. 3.2, ESRI). We acknowledge that the landscape structure variables share



spatial overlap (500 m and 1km cover type radii calculated at stations 250 m apart) in the 

cover type data for adjacent sample stations. Below we describe the variation

partitioning technique and spatial autocorrelation analyses we used to address the
)

implications overlapping radii may have on the interpretation of CCA results. We also 

measured the distance to the nearest plantation edge from each station to investigate the 

potential effects of the hard edge created by this silvicultural practice.

Statistical Analyses — The investigation of factors influencing the reproductive activity 

of eight different species in three different landscapes leads to complications in the 

interpretation of species-specific responses (e.g., by producing 24 different regression 

models). Since one of the primary goals of this research was to generalize the potential 

effects of industrial forestry on the focal forest bird assemblage, we treated the combined 

reproductive activity of all eight species as the response matrix on each grid. Canonical 

Correspondence Analysis (CCA) was used to investigate the relationship between local 

and landscape environmental gradients and the matrix of forest bird reproductive activity 

(terBraak 1986).

The CCA analyses were conducted using CANOCO 4.0 (ter Braak and Smilauer

1998). Significant environmental variables were identified using the forward selection 

technique and significance was assessed using Monte-Carlo permutation tests (p < 0.05). 

In addition to investigating the effects of environmental variable gradients on the forest 

bird assemblage, CCA allows for the interpretation of the relationship between 

environmental gradients and individual species (ter Braak 1986). The weighted average 

(or centroid) of the reproductive activity distribution can be superimposed on an



ordination of the significant environmental gradients (e.g.. Figs. 5.1 -  5.3). Arrows 

represent the environmental gradients; the position of the arrow depends on the 

eigenvalue of each axis and on the intra-set correlation of the environmental variable with 

the axes (ter Braak 1986). A perpendicular line is drawn from the reproductive activity 

centroid to the line corresponding to each environmental variable to assess the 

relationship between the two. The reproductive activity centroid is associated with above 

average values of the environmental variable if the intersection falls on the same side of 

the axis as the arrow head (ter Braak 1986).

The reproductive activity of each species was spatially autocorrelated in at least 

one grid (see Results - Spatial Structure, below). Therefore, we used a variation 

partitioning technique to assess the relative contribution of spatial location (in the form of 

a cubic polynomial) and environmental variables (combined matrix of local and 

landscape variables) to the explained variation (Borcard et al. 1992). The variation 

partitioning technique described by Borcard et al. (1992) allows for separation of 

reproductive activity variation into four independent components: (1) spatial, which is the 

spatial structuring in the species reproductive activity data that is not shared with the 

environmental data; (2) environmental, which is the nonspatial environmental variation in 

the species reproductive data; (3) shared, which is spatial structuring in the species data 

that is shared by the environmental data, and; (4) unexplained variation, which is the 

fraction of species reproductive activity variation explained neither by spatial coordinates 

nor by envirormiental data. It is important to note that explained Variation in CCA is 

interpreted differently than in typical regression analyses. Unexplained variation can be 

over-represented in CCA, especially when the number of predictor variables in a model is



smaller than the number of response variables (Okland 1999). In CCA, explained 

variation is most useful when contrasting the relative influence of different components 

(e.g. spatial and environmental) on a matrix of response variables (here, reproductive 

activity of eight forest bird species).

Analyses beyond CCA were necessary to interpret differences among and 

between local and landscape environmental variables on all grids. For these analyses, we 

used environmental data only from sampling points where at least one of the eight focal 

species occurred (n ranged from 17 to 60 stations). Because of the non-normality in local 

vegetation data and uneven sample sizes, we used non-parametric statistics to assess the 

importance of the significant environmental variables from the CCA. We used a 

Kruskal-Wallis One-Way Analysis of Variance (ANOVA) to compare differences in 

significant environmental variables (as determined in CCA) among grids. We used a 

Mann-Whitney U-test to compare the environmental variables within grids.

To explore harvest intensity effects, we analyzed differences in reproductive 

activity among all three grids for each species. We calculated the proportion of stations 

on each grid where any evidence (e.g., at least a pair observed) of breeding activity was 

detected. Only stations where an individual of the focal species was detected at least 

once were used in the calculation (again, n ranged from 17 to 60 stations). Likewise, we 

calculated the proportion of stations where only a transient (observed on only one visit) 

male was detected at the station. A high proportion of transient males is assumed to 

indicate lower-quality habitat. We used Fisher's Exact Test (Williams Correction) to 

compare the proportion of stations with reproductive activity and the proportion of 

transient males on the different study grids.



Spatial Structure — Reproductive data were ranks but resembled a distribution of counts. 

Techniques for surface pattern analyses such as semivariograms and correlograms are 

generally robust to deviations from normality in data (Raining 1990). These structure 

fimctions can be useful exploratory tools for non-normal data as long as inferences from 

the patterns are expressed with caution (Haining 1990). Because the data were isotropic, 

we used all-directional correlograms (Moran's I) to determine patterns of spatial 

autocorrelation in the reproductive data. Correlograms are standardized structure 

functions that allow comparison among themselves and objective tests for significance 

(Legendre and Fortin 1989; Meisel and Turner 1998). Our goal was to explore patterns 

rather than to infer from them, so we accepted global correlogram significance of a  < 0.1. 

Global correlogram significance, which is assessed with the Bonferroni correction, 

indicates that the shape of a correlogram can be interpreted as statistically meaningful. 

Distance classes (or lags) were established to obtain approximately equal numbers of 

pairs of sampling points in each class.

It is also important to determine whether spatial patterns in reproductive activity 

reflect spatial pattems in local vegetation. Because sugar maple basal area was a 

significant component of tolerant hardwood stands on all study grids, we explored the 

spatial structure of sugar maple basal area as a possible indicator of spatial structure in 

local vegetation. Data analyses were conducted using S-Plus 2000 (Mathsoft Inc., 

Seattle, Washington).



Results

Local vs. Landscape — In contrast to our prediction, local vegetation characteristics were 

more significant than landscape structure on both the HH and ML grids (Tables 5.4a and 

5.4b; and Figs. 5.1 and 5.2). Landscape and local variables were equally important on 

MM (area of tolerant hardwood stands within 1 km of the sample location being most 

important, Tables 5.4a and 5.4b; and Fig. 5.3). On the HH grid, 22.5% of the variation 

was explained by two local variables and one landscape variable (Fig. 5.4). Almost half 

(9%, Fig. 5.4) of this variation was shared spatial structure in the reproductive activity 

data and environmental variables. In addition to the local variables, the area of 

commercial clearcuts within 1 km of the sampling point was the third most significant 

environmental factor. On the ML grid, all significant variables were local and explained 

21% of the variation (Tables 5.4a and 5.4b; and Fig. 5.4). On this grid, only 2.5% of the 

explained variation was spatially structured. The largest amount of variation was 

explained by a combination of local and landscape variables on the MM grid (36%, Fig.

5.4). However, 44% of the total variation was shared between spatial and environmental 

variables (Fig. 5.4), indicating that spatial structure already present in the environment 

(vegetation or other variable) was partly responsible for the large amount of variation 

explained.

The CCA indicated that the basal area of sugar maple was the most important 

envirormiental variable on the HH grid, while beech basal area was most important on the 

ML grid. We compared the basal area/ha of both these tree species v^dthin and among all 

three grids. Sugar maple basal area was significantly higher than that of beech on the HH 

grid (Table 5.5, U = 542.5, df = \ , p <  0.01). Beech and sugar maple basal area/ha were



not significantly different on the MM grid (Table 5.5, U = 864, df = l,/> = 0.87) or the 

ML grid (Table 5.5, U = 1664.5, df = \ , p  = 0.07). When compared among all three 

grids, beech basal area/ha was similar in the ML and MM grids, but significantly lower in 

the HH grid (Table 5.5, U = 45.53, df = \ , p  < 0.01). Sugar maple basal area/ha was not 

significantly different among all three grids (Table 5.5, U = 1.59, df = \ , p  = 0.45).

The area (ha) of tolerant hardwood forest within 1 km of a sampling location was 

the most important CCA factor on the MM grid. It differed significantly among all three 

grids (U =110.81, d f= l,j3< 0 .01 ). T olerant hardwood forest area was highest on the 

ML grid (Table 5.5), and much lower in the MM than in the ML grid (U = 2635, df = 1,/?

< 0.01), but still greater than in the HH grid (U = 697, df = 1,/7 = 0.01).

Effects of Harvesting Intensity —  Five species showed no significant differences among 

all three grids in the proportion of points with reproductive activity or the proportion of 

points with transient males (Figs. 5.5 and 5.6). Two species, the northern parula and 

blackbumian warbler, had differences among grids in the direction predicted (Figs. 5.5 

and 5.6). For the northern parula, the proportion of stations with reproductive activity 

was significantly greater in the both the ML grid (43.6%) and MM grid (42.9%) than in 

the HH grid (20%) (Fig. 5.5, ML vs. HH g-statistic = 5.417, df = \ , p  -  0.02; and MM 

vs. HH g=statistic = 3.75, df = \ , p  = 0.05). The northern parula also had a higher 

proportion of stations with transient males in the HH grid (54.3%) than on both the ML 

(21.8%) and MM (21.4%) grids (Fig. 5.6, HH vs. ML g-statistic = 9.74, d f= l,p  < 0.01; 

HH vs. MM g-statistic = 7.09, df = \ , p <  0,01). For the blackbumian warbler, transient 

males were detected at 78.6% of tlie stations in the HH grid, compared to 40.6% in the



ML grid (Fig. 5.6, g-statistic = 5.61,p  = 0.02) and 33.3% on the MM grid (Fig. 5.6, g- 

statistic = 5.93, df = 1, = 0.01).

One other species showed significant differences among grids, though not in the 

predicted direction. The black-capped chickadee had a higher proportion of points with 

reproductive activity on the MM grid (57.9%) than on both HH (10.8%) and ML (12%) 

grids (Fig. 5.5, g-statistic = 13.31, df = l , p <  0.01 and g-statistic = 13.9, df = l ,p  < 0.001 

respectively), as well as fewer transients on the MM (42.1%) versus HH (78.4%) and ML 

(86%) grids (Fig. 5.6, g-statistic = 6.99, df = I p <  0.01 and g-statistic = 12.35, df = l , p

< 0.001 respectively).

Spatial Structure — Positive spatial autocorrelation in songbird reproductive activity was 

found on all three grids and in all species (Table 5.6). All species sampled on the 

mtensively managed grid exhibited positive autocorrelation. As silvicultural intensity 

decreased, fewer species produced correlograms with global significance. Only the red

eyed vireo had global correlogram significance on the moderately managed landscape. 

This was the only bird species to exhibit autocorrelation in reproductive activity in all 

three landscapes.

Positive spatial autocorrelation occurred on multiple grids in only four of the eight 

species. Of those four, only the black-throated green warbler and the ovenbird had 

positiye autocorrelation at similar distance classes on multiple grids (Table 5.6). The 

remainder was quite variable. Sugar maple was spatially autocorrelated on both the HH 

and MM grids (Table 5.6).



Discussion

Local vs. Landscape — We have found that local vegetation floristics generally had a 

greater influence than landscape structure on the reproductive activity of our eight focal 

bird species. In contrast to our expectation, landscape variables were not the most 

important factors in determining reproductive activity on the most intensively managed 

landscape. The greatest landscape effect we  observed v^as in a study grid of high 

silvicultural activity embedded within a landscape of low to moderate activity. However, 

on this grid, a large amount of the variation explained by the landscape variables was 

likely confounded by the presence of spatial autocorrelation in the environmental data 

(Table 5.6). When’landscape variables were removed from the environmental data set 

and the CCA was performed with local variables only, beech basal area and the total 

basal area of live trees became the most important variables. These two local vegetation 

variables explained 12% (non-spatial environmenteil variation) of the total variation, 

compared to 18.7% when landscape variables were added.

American beech was positively associated with the reproductive activity of the 

eight species studied. When beech was absent, sugar maple (also a tolerant hardwood 

species) became the most important variable. On the ML grid, where sugar maple had 

the highest basal area, beech still emerged as the most important variable. On the MM 

grid, where the basal area of beech and sugar maple were sinùlar, beech was the most 

important factor after landscape variables were excluded from the analysis. This result is 

particularly important when we consider current trends in beech management. It is a 

general practice among forest managers in the northem hardwood forest to eradicate 

American beech when possible. In northeastem North America, beech is often infected



with a scale {Cryptococcus fagisuga) and fungi {Nectria coccinea \ai.faginata and 

sometimes N. galligena) that reduce its vigor and commercial value (Houston and 

O'Brien 1983). It is also a prolific stump-sprouter and will out-compete more 

commercially-desirable species such as sugar maple. This is the case within the 

industrial forest we studied (G. Couturier, Fraser Papers-Nexfor, Inc., personal 

commvinication). In fact, we were unable to find stands in the vicinity of the HH grid that 

had a beech component comparable to those of ML and MM grids. One such stand we 

did find in the intensively managed landscape had already been marked for a harvest.

In general, the differences observed in variables that were most strongly 

associated with reproductive activity within grids do not appear to result in differences in 

reproductive activity among study grids. Given the positive association of beech and 

reproductive activity on the ML and MM grids, we would have expected to see reduced 

reproductive activity in the HH grid, where beech was less abundant. This relationship 

should particularly hold for the black-throated green warbler, red-eyed vireo, and black- 

throated blue warbler, which were associated with above average densities of beech 

(particularly on the ML grid). For the majority of the species, however, reproductive 

activity was not significantly lower on the KH grid (only the northern parula and 

blackbumian warbler had reduced reproductive activity on the HH grid versus both the 

ML and MM grids). The reproductive activity of the black-throated blue warbler was 

lower on the HH grid than on the MM grid. The greater area of partial cuts might best 

explain the difference between these two grids for the black-throated blue warbler on the 

MM grid, rather than the density of beech. Bourque and Villard (2001) found that black- 

throated blue warblers reached higher densities and had a similar reproductive success in



partial cut tolerant hardwood stands compared to uncut stands. This should translate into 

a greater proportion of sampling points with evidence of reproductive activity in partial 

cuts.

It is difficult to argue that the eradication of beech is having a negative impact on 

songbird populations. Sugar maple stands without beech may be adequate to meet the 

requirements of the species we studied, However, when beech is present within a stand, 

birds may adjust their territory configuration to incorporate areas of beech. In areas 

without beech, individual reproductive success may remain the same while average 

territory size increases, as would be expected in an ideal free distribution (Fretwell and 

Lucas 1970). The method we used to assess reproductive activity may be too coarse to 

detect the degree of variation in actual reproductive success that would result from stand 

composition differences of this magnitude, and it certainly does not allow us to obtain an 

accurate estimate of fledging success per unit area. Results from a complementary study 

on the same grids indicate that beech was a preferred foraging substrate for three of the 

eight species we studied (P. S. McKinley and A. W. Diamond, unpublished ms). Thus, 

more detailed studies of reproductive success in areas with variable beech basal areas will 

be required to assess its relative importance for these forest songbirds.

Effects of Harvesting Intensity — Each of the grids we sampled represented different 

contexts of harvesting intensity for the focal species inhabiting the areas within. Because 

only one grid of each type was sampled, we cannot infer from the patterns observed for 

individual species. Instead, we looked for a dominant pattern emerging among the eight 

focal species. However, no such pattem emerged, possibly because of the variability in



the life histories of the eight species examined. The relatively small influence of 

harvesting intensity on observed patterns in reproductive activity may also reflect the 

relatively large proportion of more structurally developed stands still present in the 

landscape. Although harvest activities have affected at least 70% of the HH landscape, 

the dynamic nature of the industrial forest and the lower intensity of certain practices 

(e.g., partial cutting) may temper the effect on some of our focal species in the stands 

without recent harvest activity. The partial cutting technique practiced in these study 

grids may maintain habitat that is at least of marginal quality (i.e., high permeability and 

some level of reproductive activity) for most of the focal species we studied. In fact, if 

we consider the partial cut areas to be suitable habitat, then 47% of the habitat still 

remained in even the most intensively managed landscape we studied. Therefore, 

maintaining a landscape matrix that has at least some characteristics of a forest (e.g., the 

vertical structure and species diversity found in partial cuts) may reduce the landscape 

effects of forest management on forest bird reproductive activity.

Spatial Structure —We observed positive spatial autocorrelation at distance classes of 

greater than 250 m in all songbird species on the HH landscape (Table 5.6). A large 

remnant patch of mature tolerant hardwood forest dominated this landscape (Fig. 5.7). 

The remnant patch was surrounded by young (< 10 yr old) spruce {Picea sp.) plantations 

that may have had a strong influence on the presence of spatial autocorrelation on this 

landscape. Figure 5.7 shows the patchiness of songbird reproductive activity scores 

relative to the distribution of tolerant hardwood and Picea sp. basal area. The amount of 

spatial variation shared between the reproductive activity data and the environmental



variables is evidence that the tolerant hardwood patch was partly responsible for the 

spatial autocorrelation observed in the reproductive activity data. Additionally, sugar 

maple basal area was spatially autocorrelated at a distance class greater than 250 m. 

Forest songbirds in the landscape likely were constrained within this large remnant patch 

of mature forest, thus explaining the spatial autocorrelation observed in their reproductive 

activity. Conversely, reproductive activity on the ML landscape exhibited almost no 

spatial autocorrelation and sugar maple basal area was not spatially autocorrelated, which 

may reflect this grid’s relatively homogenous forest structure. On the MM grid, half of 

the species showed a significant spatial structure in their reproductive activity and sugar 

maple basal area was autocorrelated at a distance class greater than 250 m (Table 5.6). It 

is likely that spatial autocorrelation in reproductive activity is caused by the patchy 

pattern of tolerant hardwood stands within this study grid.

The relevance of an exploratory spatial analysis became especially apparent when 

we considered our third study grid, the moderately managed area in the moderate 

landscape (MM). The spatial autocorrelation distances on this study grid were quite 

variable (Table 5.6). If spatial autocorrelation in bird reproductive activity is simply a 

reflection of underlying forest pattern, the MM grid illustrates that this relationship would 

be difficult to generalize. Given the variability of autocorrelation distances among 

species, the threshold where habitat patchiness leads to spatial autocorrelation in 

reproductive activity is likely species-dependent. In this grid, the spatial patterns 

observed may reflect social interactions (e.g. conspecific attraction to portions of the 

grid) rather than subtle habitat gradients we failed to capture in our vegetation sampling.



Failing to identify the presence of spatial structure in response variables may lead 

to false conclusions and flawed study design (e.g., Legendre 1993). In particular, the 

common assumption that sample points in songbird studies are independent when 

separated in space by 250 m could lead to the improper use of classical parametric 

statistics. Specifically, the number of degrees of freedom is overestimated, which leads 

to smaller-than-appropriate confidence intervals (Legendre and Fortin 1989). This, in 

turn, can lead to lead the false rejection of null hypotheses. Many recent studies of forest 

songbirds indeed make the assumption that sample points are independent at 250 m (e.g., 

Rosenberg and Raphael 1986, Blakesly and Reese 1988, Hagan et al. 1996, Schulte and 

Niemi 1998, Drapeau et al. 2000). The variability in the positive autocorrelation 

distances we observed among species and between grids further stresses the 

appropriateness of routinely integrating spatial statistical methods in future ecological 

studies.

Conclusion — We generally found that the greatest influence on forest bird reproductive 

activity was at the local vegetation level. Given this finding, the costs of considering 

avian biodiversity are therefore relatively minimal given the extensive knowledge related 

to local-level structural needs of bird species and the lessened need for complicated 

plamiing tools to properly consider landscape structure. Forest management that 

considers forest bird population maintenance can then focus on local impacts of 

vegetative and stand-level structural changes. However, such forest management must 

also consider and monitor the condition of the overall forest landscape matrix. It is 

important to monitor at which point landscape-level processes do become significant, as



they do certainly play a role in determining avian reproductive success even at lower 

levels of harvesting intensity on the landscape. Harvest intensity, at the current level in 

the area we studied, does not appear to be having a large negative impact on reproductive 

activity where individuals are present, however the design of this study and the lack of 

replicates makes it difficult to extend too many generalizations on this topic. Providing a 

balance of stands in varying stages of development through the use of different 

silvicultural techniques remains a safe strategy to ensure the forest matrix maintains a 

level of suitability for the breeding, dispersal, and survival of forest songbirds. Our study 

also shows that silvicultural systems must be refined to ensure the maintenance of the 

individual components of natural stand diversity, such as American beech, that influence 

forest bird reproductive activity.
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Table 5.1. Qualitative and quantitative description of study grids. Harvest 
history of landscape covered by grid (% of total area).

Landscape Local 
Silvicultural Silvicultural Grid 
Intensity Intensity Designation

Clearcuts and Partial 
Plantations Harvests

Total
Harvest
Influence

Moderate Lom̂ ML 7% 5% 12%

Moderate Moderate MM 18% 23% 41%

High High HH 53% 17% 70%



Species (code) Scientific Name
Foraging
Guild'

Nesting
Guild'

red-eyed vireo (REVI) Vireo olivaceus Foliage
Glean

Canopy

black-capped chickadee (BCCH) Poecile atricapilla Bark Glean Cavity

northern parula (NOPA) Parula americana Hover and 
Glean

Canopy

black-throated blue warbler 
(BTBW)

Dendroica caerulescens Foliage
Glean

Shrub

black-throated green warbler 
(BGNW)

Dendroica virens Hawks Canopy

blackbumian warbler (BLWA) Dendroica fusca Hover and 
Glean

Canopy

American redstart (AMRE) Setophaga ruticilla Foliage
Glean

Mid-layer

ovenbird (OVEN) Seiurus aurocapillus Ground
Glean

Ground

' After Ehrlich et al. 1988



Table 5.3. Description of local and landscape variables used in canonical 
correspondence analyses (CCA) for each of the study grids.* "X" indicates variable used 
in CCA for that grid._______

Study Grid

Local Environmental Variables MM ML HH

total number of balsam fir stems (> 8 cm dbh) X

total number of striped maple {Acer pemsylvanicum) stems (< 8

cm dbh) X X

total red maple (Acer rubrum) basal area X

total sugar maple basal area X X X

total number of sugar maple stems (< 8 cm dbh) X X X

maximum number of avian predators observed at sampling point X X X

total yellow birch basal area X X X

maximum chipmunk abundance observed at sampling point X X X

total American beech basal area X X

total number of American beech stems (< 8 cm dbh) X

total hardwood basal area X

total number of hardwood stems (< 8 cm dbh) X X X

leaf litter coverage index^ X

total basal area of all live trees (> 8 cm dbh) X X

maximum red squirrel abundance observed at sampling point X X X

total number of raspberry {Rubiis, sp.) stems X



total softwood basal area X

total number of softwood stems (< 8 cm dbh) 

total number of hobblebush {Viburnum alnifolium) stems

Landscape Variables

Distance from sampling point to nearest plantation edge 

area of clearcuts within 500 m radius 

area of plantation within 500 m radius 

total area of plantation and clearcuts within 500 m radius 

area of tolerant hardwood forest within 500 m radius 

area of recent partial cuts (< or = 10 years prior) within 500 m 

radius

area of old partial cuts (>10 years prior) within 500 m radius 

area of clearcuts within 1 km radius 

area of plantation within 1 km radius 

total area of plantation and clearcuts within 1 km radius 

area of tolerant hardwood forest within 1 km radius 

area of recent partial cuts (< or = 10 years prior) within 1 km 

radius

area of old partial cuts (> 10 years prior) within 1 km radius

‘ descriptions of each study grid are found in Table 5.1

X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X



 ̂gray jay, blue jay, American crow, common raven

^0 = none; 1 = < 1% cover; 2=1-10%  cover; 3 = 10-20% cover; 4 = 20-50% cover; 5 

> 50% cover



Table 5.4. a) Results of canonical correspondence analysis (CCA) on environmental variables based on a forward selection. 
Response variable is the matrix of species reproductive activity.

ML Grid Significant CCA 
Variable

Forward Selection Beech Softwood Hardwood 
Results, Monte Carlo Basal Under- Under- 
Permutation Area stoiy story

MM Grid Significant CCA Variable 
Tolerant
Hardwood 500m
Area Rubus Recent Beech 
within 1 Under- Partial Under- 
km stoiy Cut story

HH Grid Significant CCA 
Variable

Sugar Hardwood 
Maple Under- 1 km 
Basal Area story Clearcut

Lambda 0.06 0.02 0.02 0.14 0.09 0.08 0.05 0.07 0.05 0.03
F 8.88 3.1 2.38 6.08 4.43 4.47 2.61 4.97 4.08 2.7
P 0.005 0.01 0.02 0.005 0.005 0.005 0.03 0.005 0.005 0.015



5.4b) Location of each species centroid in relation to significant envronmental variable gradient on each biplot. "Mean" = species 
centroid located near mean of the gradient; "+" = species centroid located above the mean gradient value; = species centroid 
located below the mean gradient value.

ML Grid Significant CCA 
Variable

MM Grid Significant CCA Variable HH Grid Significant CCA 
Variable

Forward Selection 
Results, Monte Carlo 
Permutation

Beech
Basal
Area

Softwood Hardwood 
Under- Under
story story

Tolerant
Hardwood Rubus 
Area Under- 
within 1 story 
km

500m
Recent
Partial
Cut

Beech
Under
story

Sugar
Maple
Basal
Area

Hardwood
Under
story

1 km 
Clearcut

red-eyed vireo + + + + + + + +
black-capped chickadee - + Mean - + - - - - -

northern parula - + + - + - - - - -

black-throated blue 
warbler

+ - - + - - + + Mean + +

black-throated green 
warbler

+ - + + - + + + + +

blackbumian warbler - + - - + - - + - -

American redstart Mean + + + + - + - + +
ovenbird Mean - - Mean - + + + Mean Mean



sugar maple basal area (m /ha) beech basal area (m /ha)
tolerant hardwood area 
(ha) within 1 km

Grid n Mean SE Mean SE Mean SE

ML 64 6.15 0.72 4.38 0.62 198.25 4.40
MM 42 4.88 0.88 4.89 0.81 96.93 7.30
HH 49 9.11 1.51 0.10 0.08 77.02 4.18



Table 5.6. Maximum distance classes (m) with positive spatial autocorrelation in forest 
songbird reproductive activity and sugar maple basal area derived from globally 
significant correlograms (Moran’s I, Bonferroni-corrected a < 0.1). Reproductive 
activity was measured during 1997 (HH, ML) and 1998 (MM) on three different study 
grids in New Brunswick, Canada.

Species HH^

Distance (m) 

MM^ ML^

red-eyed vireo 262-452 589-803 <279

black-capped chickadee 262-452 — —

Northern parula 262-452 — —

black-throated blue warbler 262-452 — —

black-throated green warbler 262-452 252-389 —

blackbumian warbler <262 — —

American redstart <262 390-589 —

ovenbird 262-452 252-389 —

basal area/ha of sugar maple > 10 cm dbh 262-452 252-390 —

A. HH = High landscape silvicultural intensity and High local silvicultural intensity

B. MM = Moderate landscape silvicultural intensity and Moderate local silvicultural 

intensity

C. ML = Moderate landscape silvicultural intensity and Low local silvicultural intensity



Figures 5.1 through 5.3. Canonical correspondence analysis (CCA) ordination diagram 
(biplot) of each grid with species reproductive activity centroids ( • )  and significant 
environmental variables (arrows). The relative length of the arrows conveys information 
about the strength of the relationship and the direction of the arrows shows the 
environmental gradient relative to the grand mean of the environmental variable (the 
origin). The environmental gradient arrows have been extended in both directions to 
allow for the interpretation of the biplot. A perpendicular line can be drawn from the 
species centroid to each of the environmental axes. The endpoints indicate the relative 
positions of the reproductive activity distributions along the envirormiental gradients.
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Figure 5.4. Variation partitioning in the reproductive success of eight forest bird 
species on three study grids. Variation is attributed to; 1) Environmental = non- 
spatial environmental variation; 2) Spatial = spatial species variation not shared 
by environmental variation; 3) Shared = spatially structured environmental 
variation; 4) Unexplained = total unexplained variation.
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Figure 5.5. The proportion of sample stations with evidence of reproductive 
activity (only stations with at least one individual present were used).
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Figure 5.6. The proportion of sample stations with only transient males present 
(only stations with at least one individual present were used).
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Chapter 6. Mobbing playback method synthesis and forest management 

recommendations.

Mobbing Playback Method

The mobbing playback method presented in Chapter 2 represents a viable 

alternative to current methods used in the assessment of songbird reproductive success on 

a large scale. The advantage of the method is that it provides a greater opportunity than 

passive observation to make visual contact with individual birds of many different 

species, thus increasing not only the number of visual detections, but also the probability 

of witnessing evidence of reproductive activity. Critical to the development of the 

method was validation that the ranks developed from mobbing observations were truly 

representative of actual reproductive success, particularly in 1998. I was able to show, 

for the ovenbird (Seiurus aurocapillus) and black-throated blue warbler {Dendroica 

caerulescens), that the mobbing playback method detected the same trend in reproductive 

success as intensive nest monitoring on the same study grids.

In New Brunswick, 50 species responded to the mobbing playbacks, which 

represented 74% of the total species observed in the study area (see Chapter 2 Study Area 

and Methods and Table 3.1). I presented only data from the eight focal species that 

responded most frequently and provided a large enough sample size to use in subsequent 

analyses. It is reasonable to assume that many additional species could likely be used in 

similar analyses. The core stand types were dominated by tolerant hardwood species, 

which generally provide thé nesting and foraging structure most favorable to the eight 

focal species. Additional sample locations in other stand types would likely have



increased the number of species with sample sizes sufficient to carry out additional 

analyses. The success of the method used by other researchers in a more boreal forest 

(presented in Chapter 2) is an indication of the potentially widespread application of this 

method.

Chapter 3 provides some insight that is useful in refining the mobbing playback 

method for further use. Using a stuffed owl, or similar decoy, would increase the amount 

of time spent by mobbing participants near the observer, thereby increasing the 

opportunity to make observations of reproductive-related activities. The decoy itself did 

not attract individuals to the observer, but in fact provided a focus for mobbing activity. 

With a limited number of visits (e.g., 5-10) to the sample locations throughout the 

breeding season, it is unlikely that habituation to the playbacks occurred. In fact, using a 

decoy would probably decrease the likelihood of habituation.

Mobbing participation was most frequent during the period before nesting began, 

eventually increasing again as fledging occurred. Increasing sampling effort during these 

periods could provide valuable data during pair formation and the ultimate indicator of 

successful reproduction, fledglings. Targeting these two important periods would 

increase the efficiency of the mobbing playback method.

If observations of pairs are strongly correlated to fledgling observations, then the 

importance of the pre-nesting sampling period becomes paramount. More data 

investigating the relationship between observations of pairs and fledglings at a station 

could also improve the usefulness of the method, particularly in light of a recent study 

that suggests a weaker relationship between pairing success and reproductive output than 

existing literature assumes (Rodewald and Yahner 2000). Rodewald and Yahner (2000)



found that pairing and nesting success were unrelated, where low pairing rates may in 

fact reflect prior elevated predation rates. The relevance of this conclusion to the 

mobbing playback method is limited. The mobbing playback method was (1) found to 

reflect nesting success trends for black-throated blue warblers and ovenbirds and (2) 

measures pairing success as well as indicators of nesting success (e.g., food carries and 

fledglings). Studies such as Rodewald and Yahner (2000) indicate that additional 

exploration and verification of the mobbing playback method is critical to the 

development and practical application of this method.

Forest Management Implications for Songbirds

The ultimate goal of this research was to try to understand more clearly the 

relationship between large-scale industrial forestry and forest songbird reproductive 

success. Below, I will summarize the implications of my conclusions for songbird 

management and conservation in the context of industrial forestry in northwestem New 

Brunswick.

In the current state of the industrial forest I studied, it is likely that local factors 

and pure habitat loss will be most important in determining forest songbird reproductive 

success. The local habitat requirements of forest songbirds in northeastern North 

America are quite well known. The American Ornithologists' Union has published 

detailed accounts of most species in the Birds of North America series. In addition, 

numerous technical (and semi-popular) publications have addressed habitat needs of 

forest songbirds (e.g., DeGraaf and Rudis 1986, DeGraaf 1991, Ehrlich et al. 1988) and 

the effects of specific stand-scale silvicultural practices on forest bird habitat (DeGraaf et



al. 1993, Finch and Stangel 1993, Costello et al. 2000). If forest birds are responding 

primarily to local variables within the Acadian industrial forest, then we already have the 

tools we need to minimize the negative impacts of forest management activities on 

whichever species of forest bird we are concerned about. However, continued 

intensification of silvicultural activities vwll increase the need to address the condition of 

the forest landscape matrix.

It is important to consider some of the important local habitat features that may be 

compromised by current practices. First, we should consider the importance of American 

beech. Black-throated blue warbler, black-throated green warbler, and red-eyed vireo 

reproductive activity were all associated with above-average amounts of beech within 

tolerant hardwood stands. Given the general poor health of American beech, and the 

overall low commercial value of its wood, it is probably unrealistic to leave large 

amoimts of beech standing where it competes for space with commercially-valuable 

species (e.g., sugar maple). The importance of maintaining the native tree species 

composition is highlighted by the apparent influence of beech on songbird reproductive 

activity. I would suggest a forest management policy that intentionally leaves healthy 

beech (i.e., smooth bark with little evidence of the Nectria) as part of the residual stands. 

This serves an ecological benefit by maintaining beech as a viable component of the 

stand -  but also improves the overall quality of beech in the forest, making commercial 

management for  beech a worthwhile endeavor.

The future role of landscape-scale effects should not be discoimted. In the most 

extreme case I studied, suitable or marginally suitable habitat for most of the species 

studied covered roughly half of the landscape. The intensification of silvicultural



activities on the landscape has the potential to diminish the suitability of the landscape 

matrix for the species I studied and thereby increase the importance of landscape-scale 

factors in determining reproductive success. Frequent “partial cutting” entries into 

tolerant hardwood stands could also alter stand structural components beyond utility for 

some species. Most tolerant hardwood stands in the study area have experienced only 

one or two “partial cutting” entries, the impacts o f multiple entries are still largely 

unknown. Continued regional songbird population monitoring programs such as the 

Breeding Bird Survey (Sauer et al. 2000) are essential to track our progress in 

maintaining or increasing population levels of species of concern. Future management of 

industrial forests must therefore be adaptive in nature.
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Appendix II. Table of all data collected and used in analyses.

Bird and Predator Variables
Variable Description
AMRERANK American redstart, reproductive activity ranks
BCCHRANK black-capped chickadee, "
BGNWRANK black-tliroated green warbler, "
BLWARANK blackbumian warbler, "
BTBWRANK black-throated blue warbler, "
NOPARANK northern parula, "
OVENRANK ovenbird, "
REVIRANK red-eyed vireo, "
AVPRDMX maximum number of avian nest predators

observed at station
RESQABUND maximum red squirrel abundance observed at

station
CHIPABUND maximum chipmunk abundance observed at

station
AMREABUNDIOO American redstart, maximum abundance within

100m of station
BCCHABUNDIOO black-capped chickadee, "
BGNWABUNDIOO black-throated green warbler, "
BLWAABUNDIOO blackbumian warbler, "
BTBWABUNDIOO black-throated blue warbler, "
NOPAABUNDIOO northern parula, "
OVENABUNDIOO ovenbird, "
REVIABUNDIOO red-eyed vireo, "

Local Vegetation Variables (data collected at each plot, sum o f all three
plots used in analyses, see Chapter 5 - Methods)
Variable Description
FHD Foliage Height Diversity: Calculated usmg

Sharmon's Diversity index and stem counts from
each understoiy height class.

ALL51 count of all understory stems terminating between
. 5 - l m

ALL12 count of all understory stems terminating between
1 -2m

ALL24 count of all understory stems terminating between
2 -4m



ALL46

ALLÔ

VL\L51

YJAL12

VIAL24

VL\L46

VIAL6

VIALTOTAL

BEAL51

BEAL12

BEAL24

BEAL46

BEAL6

BEALTOTAL

ACPE51

ACPE12

ACPE24

ACPE46

ACPE6

ACPETOTAL

count of all understory stems terminating between 
4 - 6m
count of all understory stems terminating greater 
than 6m
count of all Viburnum alnifolium understory
stems terminating between .5 - Im
count of all Viburnum alnifolium imderstory
stems terminating between 1 - 2m
count of all Viburnum alnifolium understory
stems terminating between 2 - 4m
count of all Viburnum alnifolium understory
stems terminating between 4 - 6m
count of all Viburnum alnifolium understory
stems terminating greater than 6m
total of all Viburnum alnifolium understory stems

count of all Betula alleghaniensis understory
stems terminating between .5 - Im
count of all Betula alleghaniensis understory
stems terminating between 1 - 2m
count of all Betula alleghaniensis understory
stems terminating between 2 - 4m
count of all Betula alleghaniensis understory
stems termmating between 4 - 6m
count of all Betula alleghaniensis understory
stems terminating greater than 6m
total of all Betula alleghaniensis understory
stems
count of all Acer pennsylvanicum understory
stems terminating between .5 - Im
count of all Acer pennsylvanicum understory
stems terminating between 1 - 2m
count of all Acer pennsylvanicum understory
stems terminating between 2 - 4m
count of all Acer pennsylvanicum imderstoiy
stems terminating between 4 - 6m
count of all Acer pennsylvanicum understory
stems terminating greater than 6m
total of all Acer pennsylvanicum imderstory
stems
count of all Acer saccharum understory stems 
terminating between .5 - Im



ACSA12

ACSA24

ACSA46

ACSA6

ACSATOTAL
FAGR51

FAGR12

FAGR24

FAGR46

FAGR6

FAGRTOTAL 
COCOS 1

C0C012

C0C024

C0C046

C 0C 06

COCOTOTAL
RUSP51

Append. II (cont.) 
RUSP12

RUSP24

RUSP46

count of all Acer saccharum understory stems
terminating between 1 - 2m
count of all Acer saccharum understory stems
terminating between 2 - 4m
count of all Acer saccharum understory stems
terminating between 4 - 6m
count of all Acer saccharum understory stems
terminating greater than 6m
total of all Acer saccharum understory stems
count of all Fagus grandifolia understory stems
terminating between .5 - Im
count of all Fagus grandifolia understory stems
terminating between 1 - 2m
count of all Fagus grandifolia imderstory stems
terminating between 2 - 4m
count of all Fagus grandifolia understory stems
terminating between 4 - 6m
count of all Fagus grandifolia understory stems
terminating greater than 6m
total of all Fagus grandifolia understory stems
count of all Corylus cornuta understory stems
terminating between .5 - Im
count of all Corylus cornuta imderstory stems
terminating between 1 - 2m
coimt of all Corylus cornuta understory stems
terminating between 2 - 4m
count of all Corylus cornuta understory stems
terminating between 4 - 6m
coimt of all Corylus cornuta imderstory stems
terminating greater than 6m
total of all Corylus cornuta imderstory stems
count of all Rubus sp. understory stems
terminating between .5 - Im

count of all Rubus sp. understory stems
terminating between 1 - 2m
count of all Rubus sp. understory stems
terminating between 2 - 4m
count of all Rubus sp. understory stems
terminating between 4 - 6m
count of all Rubus sp. understory stems
terminating greater than 6m



RUSPTOTAL
SW51

SW12

SW24

SW46

SW6

SWTOTAL
HW51

HW12

HW24,

HW46

HW6

HWTOTAL
SWREL

VIALREL
BEALREL
ACPEREL
ACSAREL
FAGRREL
Append. II (cont.)
COGOREL
RUSPREL
HWREL

HERBREL
BAGRREL
BRYOREL
LICHREL
LELIREL
STWAREL
LIVETOTBA

total of all Rubus sp. understory stems
count of all Softwood understoiy stems
terminating between .5 - Im
count of all Softwood understory stems
terminating between 1 - 2m
coimt of all Softwood understory stems
terminating between 2 - 4m
count of all Softwood understory stems
terminating between 4 - 6m
count of all Softwood understory stems
terminating greater than 6m
total of all Softwood understory stems
coimt of all Hardwood understory stems
terminating between .5 - Im
count of all Hardwood understory stems
terminating between 1 - 2m
count of all Hardwood understory stems
terminating between 2 - 4m
count of all Hardwood understory stems
terminating between 4 - 6m
count of all Hardwood understoiy stems
terminating greater than 6m
total of all Hardwood understory stems
all understory softwood species relevative
abundance*
Viburnum alnifolium relative abundance 
Betula allagheniensis relative abundance 
Acerpennsylvanicum relative abundance 
Acer saccharum relative abundance 
Fagus grandifolia relative abundance

Corylus relative abundance
Rubus sp. relative abundance 
all understory hardwood species relevative 
abundance
herbaceous relative abundance
bare ground relative abundance
bryofyte relative abundance
lichen relative abundance
leaf litter relative abundance
standing water relative abundance
total basal area of all live standing trees (m^)



TOTBADEAD
TOTALSTEMS
TOTSTEMDEAD
ABBASTEMLIVE
ABBABALV
ABBASTEMDED
ABABADED
ACSASTEM
FAGRSTEM
BEALSTEM
POTRSTEM
BEPASTEM
PIGLSTEM
THOCSTEM
ACRUSTEM
PISPSTEM
ACSABA
FAGRBA
BEALBA
POTRBA
BEPABA
PIGLBA
THOCBA
ACRUBA
PISPBA
HWBA
SWBA

total basal area of dead standing trees (m ) 
total number of live stems (>8 cm dbh) 
total number of dead stems (>8 cm dbh) 
total # of live Abies balsamea stems 
total live Abies balsamea basal area 
total # dead Abies balsamea stems 
Abies balsamea, total dead basal area 
Acer saccharum, total stems (> 8 cm dbh) 
Fagus grandifolia, "
Betula alleghaniensis, "
Populus tremuloides, "
Betula papyrifera, "
Piceaglauca, "
Thuja occidentalis, "
Acerrubrum, "
Piceasp. , "
Acer saccharum, total live basal area (m^) 
Fagus grandifolia, "
Betula alleghaniensis, "
Populus tremuloides, "
Betula papyrifera, "
Piceaglauca, "
Thuja occidentalis, "
Acerrubrum, "
Picea sp ., "
total hardwood basal area
total softwood basal area 

Velative abundance scoring criteria: 0 = none; 1 = rare or < 1% cover; 2 = 
few occurrences or 1-10% cover; 3 = several occurrences or 10-20% 
cover; 4 = frequent or 20-50% cover; 5 = very common or > 50% cover

Landscape Variables
Variable Description
500PL
500CC
500PLCC

SOOTH

area of plantation within 500 m radius
area of clearcuts within 500 m radius
total area of plantation and clearcuts within 500 m
radius
area of tolerant hardwood forest within 500 m 
radius
area of recent partial cuts (< or = 10 years prior) 
within 500 m radius



IKPL
IKCC
IKPLCC

IKTH

IKPCNEW

IKPCOLD

PLANDIST

area of old partial cuts (>10 years prior) within 
500 m radius
area of plantation within 1 km radius
area of clearcuts within 1 km radius
total area of plantation and clearcuts within 1 km
radius
area of tolerant hardwood forest within 1 km 
radius
area of recent partial cuts (< or = 10 years prior) 
within 1 km radius
area of old partial cuts (>10 years prior) within 1 
km radius
Distance from station center to nearest plantation
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