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Abstract 

Undisturbed riparian zones are typicdy viewed as the highest quality habitat 

available to wildlife in foresteci landscapes and, in keephg with this, are seen as havuig 

the highest biodiversity. Riparian b&er strips are retained durhg clearcutthg throughout 

most of the b o r d  forest, a practice promoted as a meam to reduce the impact of 

harvesting on terrestnal fauna Current perceptions of the importance of ripaian zones to 

wildlife originated from studies in southwestern Noah America, yet their generalization 

to boreal forests temains relatively untested. Furthemore, little research has k e n  

conducted to quantifi the extent to which b a e r  strips are used by wildlife. This study 

was designed to evaluate the relative importance of riparian habitat for breeding birds in a 

boreai forest ecosystem and to assess the conservation potentiai of ciparian b a e r  strips in 

areas of extensive clearcutting. 

Breeding buds were surveyed in c i  parian edge, non-riparian edge (clearcut or 

access road), interior forest and buffer strip habitats in balsam fi (Abies balsamea) 

forests in western insular Newfoundland. Observations from ripacian edge, non-riparian 

edge and interior forest transects were compared in order to describe the assemblages 

associated with each of these habitat types and to group species into habitat selection 

guilds. Several distinguishing species were associated with each of these habitat types. 

and five habitat guilds were differentiated. Total abundance and species richness did not 

differ between riparian and intecior forest transects. but were significantly higher on non- 

riparian edge than riparian transects. Different habitat features lead to the development of 



distinct bird assemblages dong the two edge types. Based on this and other recent midies. 

it is apparent that relatively high riparian biodiversity may be the exception €or bird 

assemblages in coniferous and coniferodeciduous mixed forests, where intenor fores 

species fom an important component of the avifauna 

Cornparisons were made between bud assemblages (gmuped by habitat guild) 

observed dong lwiistwbed shoreluies and b d e r  strips. Total avian abundance was higher 

in buffer strips than nparian controls, Iargely due to significantly higher counts of buds 

fiom the ubiquitous and opededge guilds. Abundance of forest generalist, intenor forest 

and riparian species were similar between the two shoreiine types. Counts of nparian 

species did not increase in wider buBiers, likely due to the association of these birds with 

habitat adjacent to the water, which does not increase in proportion to strip width. Riparian 

bufEer strips di4  however, provide habitat for a diverse avian assemblage, and retained 

many r i p a  and woodland species in areas of intensive clearcutting. Interior forest 

species, many of which are declining in northeastem North Arnerica, were more abundant 

in wider bders. However, even in the widest strips (40-50 m) they were rare when 

compared to local interior forest habitat, and three of six species in the guild were not 

observed in any buffer strip. It is clear that separate (but complementary) conservation 

strategies are required to protect riparian and interior species. interior species are likely not 

afEorded adequate protection in boreal forests, where conservation efforts focus largely on 

presening riparian habitat. 
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Foreword 

This research project was carried out as part of the Copper Lake Buffer Zone 

Study, which was initiated by the NeMoundland Forest Service in 1993. A description of 

this study, which dso iacluded projects considering water quality, brook bout (Salvelinzis 

fontinalis), and mammals, has been provided in Scruton et al. (1995). A paper detailing 

resdts presented in Chapter 3 of this dissertation has k e n  accepted for publication in 

Canadian Journal of Forest Research (Whitaker and Montevecchi 1997). 
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Chapter 1. Introduction 

1.1 Riparian ecology 

Riparian zones are portions of tenestria1 ecosystems associated with and 

ineuenced by the shorelines of lakes and streams. This influence is expressed most 

visibly in vegetation communities, which differ h m  those on uplands (caused by 

increased soi1 moisture, periodic flooding, etc.), but also is reflected in the associated 

wildüfe assemblages. The study of riparian ecology bas developed primarily in 

southwestern Noah America since the 1950s (see Johnson and Lowe 1985, Hooper 

1989). Here wooded, mesic riparian zones contrast sharply with more open and arid 

uplands and coasequently support a relatively high abundance and diversity of plants and 

wildlife (Hubbard 1977, Johnson and Lowe 1985, Szaro and Jakle 1985, Knopf 1986). It 

is clear that many species would be excluded fiom this region in the absence of intact 

riparian habitat (Hubbard 1977, Knopf 1986). Because of this ecological importance and 

imited exteat (c 1 % of land area; Knopf et al. 1988), as weii as high social and economic 

value, riparian habitat bas become a focal topic of research and management activity in 

southwestern North America. 

Subsequently, the importance of riparian habitat in arid regions has k e n  

generalized to represent conditions throughout North America (Hooper 1989). 

Unmanaged nparian zones are typicaiiy associated with enhanced water quality and 

aquatic habitat, productive vegetation communities, and terrestrial wiidlife habitat of high 

quality (e.g., Thomas et al. 1979, Barton et al. 1985, Naiman et al. 1993, Stocek 1994). 



Cmntiy regdations aimed at protecting riparian habitat are in place tbroughout rnost of 

the continent (Knopf et al. 1988). In the Canadian boreal forest, where 3 0  000 - 500 0 

ha of forest are clearcut annually, provinces typicdy have implemented legislatioa 

restricting disturbance in npan*an zones (Canadian Forest Service 1993). Cornidering the 

extent of this protection, surprisingly littie &as been done to assess the use of riparian 

habitat by wüdlife in northern and eastern North Amerka, where forests are generally 

continuous between shorelines and uplands. Hooper (1989) reviewed published snidies of 

riparian wildlife and found that 80 % were conducted West of the Mississippi between 

1978 - 88. Further, the majority of studies coaducted in the East focused on fish and 

water quality. As a comequence, nparian management decisions (and expected benefits 

to terrestrial wildlife) in northeastern North America have been based on "best available 

information" (Hooper 1989, Scruton et al. 1995). This shortcoming has been broadly 

recognized, and since Hooper's (1989) review several relevant studies have been 

conducted or are ongoing in the Northeast (e.g., Smaii and Hunter 1989, Johnson and 

Brown 1990, Tnquet et ai. 1990, Gates and Giffen 199 1, Hooper 199 1, Darveau et al. 

1994, Darveau et al. 1995, M u e  et ai. 1995, Murray and Stauffer 1995, Spackman and 

Hughes 1995, Scruton et ai. 1995, Parker et ai. 1996). However, due to the concurrency 

of these studies and the ment presentation of results, there has been little synthesis or 

application of new information. 



1.2 Conservation of riparian habitat 

Conservation of nparian habitat typically involves either the restriction of activity 

(e-g., application of chemicals, cdtivation, road building etc.) dong shorelines or, in 

cases where riparian zones are dishirbed already (e.g., after grazïng), promoting the 

development of riparian vegetation. Legislation usually requires that "buffer saips" of 

uncut trees be lefi dong shorelines during forest harvesting. In some juisdictions 

thinniag of portions of these strips is either allowed to increase timber yield or required 

to reduce the incidence of windthrow m g  residual trees. Consequently decisions 

involved in the development of forest management legislation for riparian habitat 

typicaiiy involve deteminhg the appropriate width of buHer strip and, in some cases, 

patterns of hamesting within these strips. Undoubtedly this relative simplicity, combined 

with the expected multiple benefits (e.g., maintenance of water quality, conservation of 

terrestrial and aquatic wildlife, aesthetics), has facilitated the widespread protection of 

riparian habitat. Funher, nparian vegetation in the boreal forest often is characterized by 

forbs, s h b  thickets and (on wet soils) stunted trees, in which case it is of Little 

commercial value. 

Wbile wildlife associations with riparian and upsiope habitats are becoming better 

understd, studies of the use of buffer strips are still few. In total, four papers have been 

published documenting the use of no-harvest buffer strips by birds in North Amenca 

(Johnson and Brown 1990, Triquet et al. 1990, Darveau et ai. 1994, Darveau et al. 1995). 

Ody the two most recent, which present different analyses of the same data set, 



incorporate a repiicated smdy design. Consequently, the anticipated benefits to terrestrial 

wüdlife of leavhg no-harvest riparian bufFer strips, which are based largely on stuclies of 

the use of undisturbed habitat in other regions, are highly speculative. No wildlife shidies 

have gathered concurrent data on both the dative importance of riparian and interior 

forest habitat. and the use of bufter strips, and then considered the resulting information 

in concert to evaluate r i p h  management practices from a laadscape perspective. 

1.3 The Copper Lake Brrlfer Zone Study 

Intensive commercial forest harvesting has ben ongoing on insular 

Newfoundiand since the early 1900s, and at present approximately 2.4 million rn3 of 

thber are harvested annually. Current management objectives set by the Newfoundand 

Forest Service are to increase this annuai yield to 5.0 million m3 by the year 2035 (FLight 

and Peters 1992). This is to be achieved through increased forest protection (e.g., £îre 

suppression, insect control), silvicultwe (precommercial thiDaing and tree planting), 

development of technology to utilize tirnber that previously was considered non- 

merchantable, and road-building to open lands which currently are inaccessible. The 

Newfoundland Forest Service has outlined this objective, while simultaneously pointing 

to a need for greater awareness that forests are a multi-user resource (Le. not solely for 

timber production) which must be managed in an ecologically sustainable marner (see 

Flight and Peters 1992). Clearly there will be confiict in trying to reach these seemïngly 

incompatible goals, thus necessitating the restructuring of forest management practices. 



Environmental protection g u i d e k  for riparian habitat recently were adopted for the 

province. These wuire thaî, during cleamitting, 20 m wide buf5er strips be lefi amund 

ail water bodies appearing on 1:50,000 scale topographie maps (Scniton et al. 1995). 

Similar regdations are in place in most other Canadian provinces. 

As a resuit of the general lack of locally relevant information on nparian zone 

management, stakeholders h m  the private, public and acadernic sectors initiated the 

Copper Lake B a e r  Zone Study in 1993. This coilaborative research initiative was 

intended to provide the information necessary to assess the suitability of current nparian 

management in Newfoundand and Labrador, and suggest improvemeats where 

shortcomings were identined. A generd description of the rationale, study area, methods 

and participating agencies for this multi-disciplinary research initiative is presented in 

Scruton et ai. (1995). Various components of the project consider water quaiity, brook 

trout, terrestrial mammais, and the research presented in this dissertation, forest bird 

assemblages. 

1.4 Birds as environmentai indicators 

Studies of avian assemblages are usehl for assessrnent of both the distributional 

patterns of wildlife within forests and the effects of forest management practices on 

wildlife communities. Birds, which are the most diverse class of vertebrates in the boreal 

forest, occupy a broad range of niches and feed at several trophic levels (e.g., 

insectivores, granivores, fnigivores, piscivores, carnivores). They are generally the most 



detectabie vertebrates in w d a n d  ecosystems. and are easily counted with minimal 

disturbance. Further, the distributional patterns of +es occupying different niches are 

ofien distinct (Montevecchi 1993). and anthropogeoic and na- habitat perturbations 

ofien have measurable effects on avian assemblages. 

1.5 Stndy objectives 

This component of the Copper Lakes study initially was assigned the broad 

mandate of assessing the effectiveness of leaving riparian buffer stnps as a means of 

reducing negative impacts of clearcutting on forest birds. Upon consideration of this 

objective, as weU as a review of the Literature (avaiiable in 1994) and preliminary 

fieldwork (June - August 1994), it became apparent that two lines of investigation would 

have to be pumied. 

First, an understanding of the distributional relationships of local bird species 

relative to riparian habitat would be needed. There are a number of reasons for this: (1) 

species dependent on riparian habitat would have to be identined, as they would be 

presumably the most minerable to poor riparian conservation practices, and a priocity for 

preservation in bmer strips; (2) those species not encountered in riparian habitat may not 

benefit £tom shoreiine buffers, and therefore should be identined so that appropriate 

alternative measures cm be taken to ensure theit well being; (3) laiowledge of patterns of 

habitat selection by each species would be helpful in explaining clifferences between the 

assemblages observed in undisturbed riparian habitat and b a e r  $trips; (4) knowledge of 



the relative importance of riparian zones as wildlife habitat would be useful in prioritizing 

its protection. This research, which focuses on descnbing patterns of habitat selection by 

bird species ia the saidy area, is presented in chapter 3. 

The second area of study involved a cornparison of the bird assemblages 

inhabithg buffer strips to those found dong undisturbed shorelines (chapter 4). 

Dinerences found here, combined with information fiom chapter 3, would aUow the 

evaiuation of the effectiveness of b a e r  strips for the conservation of woodland birds. It 

may also be useful in ident3ying patterns of habitat selection which Muence a species' 

use of buffer strips. Relating ciifferences to patterns of habitat selection shouid facilitate 

the extrapolation of resuits to other regions and, where necessary, point to possible 

alternative conservation strategies. 



Chapter 2. General methods 

2.1 Stady area 

Newfoundland Lies at the southeastern limit of the North American b o d  forest 

biome. Chnate on the island is strongiy influenced by the surrounding ocean, with less 

extreme temperatures and higher precipitation than adjacent portions of maùiland North 

America (Robertson 1993). Most research in the Copper Lake study has k e n  conducted 

in the Copper Lake watershed, located near the t o m  of Comer B m k  on the west coast 

of the island. However in order to increase the number of study sites and make findings 

more representative of the region, sites used in this project were established in several 

watersheds. These included lower Corner Brook Stream and two of its headwater 

systerns, Copper Lake and Pike's Brook, as well as Cook's B m k  and Griudstone Pond 

(Table 2.1). These watersheds are located throughout the Newfoundland Forest SeMce's 

Management Unit 15, which Lies within the Comer Brook Subregion of the Western 

Newfoundland Ecoregioa (Fig. 2.1 ; Damman 1983). 

Landscape in the Corner Brook Subregion is cbaracterized by heavily forested, 

rugged topography with bogs king common on level ground @amman 1983); elevations 

of study sites ranged fiom 250 - 400 m. As a consequence of the topography, stream 

velocity is generally high, and meandering streams, oxbows and extensive flood plains 

are uncornmon. The absence of prolonged dry periods has excluded forest f i e  nom most 





of the region aflowing baisam tir' to dominate the forest cover (Meades and Moores 

1994). although black spruce, white spmce, white birch, yellow birch, and red maple are 

present Naanal forest openings d t i n g  h m  a hemlock looper  cellaria ria 

fiscellaria) outbreak (1983-88), and wetlands are abundant ihroughout the region. Forests 

in the Corner Brook Subregim are some of the most productive on insular Newfoundand 

(Meades and Mwres 1994), and are extensively cleamt for pulp and paper production, 

and to a Iesser extent for lumber and fuel wood. 

2.2 Study design 

Preliminary fieldwork was carried out in 1994, with birds behg surveyed in a 

number of habitat types including buffer strip, undisturbed riparian zone, bog, interior 

forest, non-riparian forest edge and clearcuts with and without a buffer strip. A more 

focused study design based on observations fiom the preceding summer was used in the 

1995 breeding season. Most of the data coiiected in 1994 were not used in the analyses 

presented here, however some were included in the examination of buffer strips (chapter 

4). Methods used in the collection of these data were as for 1995 (see below). 

In 1995, transects 200 m in length were established in four habitat types (Fig. 2.2): 

undisturbed riparian controls (RIP), interior forest (INT), non-ripariau forest edge (NFE) 

and nparian buffer strips 20 - 50 rn wide (BUF). Efforts were made to place transects 

' Whcre possibk. scientific species names are provided in tables 3.1 (mes). 3.2 (shnibs). 3.3 (birds), rather 
than in the text. Names for plants were taken from Gleason and Cronquist (1991), whiIe the Amencan 
Ornithologists Union (1983) was used as the authority for bird species names. 



Clearcut 
( 2 3 years post-harvest) m 

Figure 22.  Generai study design. Traasects ( ZOO m) were placed in undisnirbed 

riparian @il?), interior forest 0, buEer strip (BUF) and non-riparian forest edge 

(NFE) habitats. 



dong portions of buffer s-s which were relatively constant in width. With the 

exception of those in the interior forest, all transects foiiowed the shoreline/edge at a 

distance of about 20 m into the forest Interior forest transects ran paraüe1 to riparian 

control shorelines, 150 m away from the shoreline and at Ieast 150 m h m  other forest 

edges. Non-riparian edge transects foilowed edges created by woodland access roads or 

clearcuts- 

The high number of openings in the forest made it difficult to sarnple interior 

habitat at distances greater than 150 m nom shonline edges, as has been done in similar 

snidies (e.g., Smail and Hunter 1989, Gates and GBen 1991, Hwper 1991, McGarigal 

and McComb 1992, LaRue et al. 1995, Murray and Stauffer 1995). This sampling, 

however, is representative of intenor habitat on the sale at which it occurs in the region. 

Also, because habitat to be protected under riparian forest management legislation in 

Newfoundland will ody extend to 20 rn away nom the shoreline, the riparian control 

transect approxhates protected npacian habitat, while interior transects represent habitat 

vulnerable to harvesting. 

Individuals of many bird species demonstrate high site fideiity across breeding 

seasons, and consequently when displaced by cleanxtting may move hto the adjacent 

forest (see Darveau et al. 1995). To avoid this short tem "packing" of birds m u n d  

clearcuts (e.g., into buffer strips), aii nomriparian edges and buffer strips used had been 

present for at least 3 years, which shouid have ken  sufncient time for populations to 

stabilize (see Darveau et al. 1995). 



Traasects were estabiished such that they couid be grouped into blocks containhg 

one representing each treatment (Fig- 22). menever possible the two (paired) controls 

and the buffix sûip traasect h m  a block were placed aiongside the same stream or lake. 

When this was not possible (eight blocks) the buffer transect was located as close as 

possible to the controls, on a comparable water body within the same watenhed. Thirteen 

complete study blocks were established in 1995, providing a total of 2600 rn of transects 

through each habitat type. Five (1000 m) of the non-riparian edge transects followed 

forest access roads, while eight (1600 m) were located alongside clearcuts. Roadbeds 

were separated fiom the forest edges by deforested (but vegetated) habitat greater than 20 

m in width. Five (1000 m) blocks were established dong streams while eight (1600 m) 

were established around lakes. Streams were 4 - 15 m wide and lakes ranged in size fkom 

approximately 2 - 200 ha. Relevant features of each study block are summarized in Table 

2.1. 

The need to keep ail transech in each block in relatively close proximity restricted 

the number of suitable sites in the study area Thus it was not possible to select sites 

randomly fiom a regional "pool". This said, forest cover is relatively homogenous 

throughout the region, ai l  habitat types sampled (including b a e r  strips) are locally 

common, and the sites used appeared to be quite typical. Further, harvesting on ail sites 

was carried out by Corner B m k  Pulp and Paper, the only large operator in the area. 

Consequently it is felt that bdings of this project are generalizable throughout the 

region. 



23 Habitat sr~npüng 

Vegetation sampling plots were established at the O, LOO and 200 rn points on 

each transect used in 1995. These 200 m2 plots were placed such that they bordered the 

shoreline or edge for 10 m and extended 20 m into the forest on the riparian control, 

buffer strip and non-ripacian edge transects. Trees on vegetation plots were tallied by 

species and diameter at breast height (dbh; 2 cm size classes); these data were then used 

to calculate basal area (m2/ha) by species. AU shnibs reaching breast height (1.3 m) were 

tallied by species. On butrer strip transects, the width of the strip was measured at each 

vegetation sampiing plot These three measurements were averaged to obtain a mean 

width of the buffer strip. 

2.4 Bird m e y  techniques 

Line hansect samphg was used to survey buds (see Bibby et al. 1992). In an 

attempt to restrict sightings to the habitat being sampled counts were tmcated such that 

o d y  bKds detected within 30 m of transects were ïnchded in data analyses. Surveys were 

conducted by two experienced observers from 7 June until7 July of each year, the 

standardized period for counting breedhg birds in the region (Robbins et al. 1986). Three 

rounds of sweys were completed, with al l  blocks being visited at the beginning, midde 

and end of the swey pend Surveys began within 30 min after sunrise (= 0500 h) and 

finished by 0930 h, as breeding birds are most detectable during early hours of daylight, 



vocalinng less o f h  as the morning progresses (Skirvin 198 1). Surveys were not 

conducted during min or when winds exceeded 20 M. as poor weather reduces the 

activity and detectability of birds (Robbins 1981). Transects were traveled slowly (25 - 30 

minftransect), and ai i  birds heard or seen were recorded. A number of steps were taken to 

reduce variability between surveys and avoid systematic bi s .  The two obsemers were 

experienced birdwatchers, and practiced together in the study ares for one week prior to 

the initiation of sweys and on afternoons thereafter. Entire blocks were surveyed by a 

single observer in a momhg, and blocks were not sampled by the same person on 

consecutive visits. Also, transects withia each block were visited in a random order on 

each of the ihree surveys. It was assumed that birds were equaily detectable between 

stream, lake shore and non-riparian sites; Hwper (199 1) found that stream noise did not 

reduce avian survey efficiency at a distance of 25 m fiom the shoreline of turbulent 

streams in Maine. 

For each species, the highest count of adults obtained dong a transect over the 

three s w e y s  was assumed to represent the population. This should not lead to an 

overestimate of abundance as, while individuals may remain undetected it is unükely that 

more birds will be counted than occupy temtories within the area (Bibby et al. 1992). 



Table 2.1. Summuy of study blocks included in data analyses. The three 1994 blocks 

containeci only ripariau forest edge and buEer snip transects (see chapter 4). "Year 

logged" indicates the year when the most intensive hacvesting occurred in the area of the 

block; some activity may have occurreâ prior to or shce that time. 

Block Year Year Watershed Lake or Clearcut Buffer 
sampled logged Stream or Road width (m) 

(IUP'BW* O* 

Cook's Brook 
Cook's Brook 
Cook's Brook 
Pike's Brook 
Pike's Brook 
Pike's Brook 
Corner Brook Stream 
Corner Brook Stream 
Corner Brook Stream 
Grindstone Pond 
Grindstoae Pond 
G~ds tone  Pond 
G~ds tone  Pond 
Corner Brook Stream 
Copper Lake 
Copper Lake 

Stream 
Lake 
Stream 
Lake 
Stream 
Lake 
Stream 
Lake 
Stream 
Lake 
Lake 
Lake 
Lake 
Lake 
Stream 
Stream 

Road 
Road 
Clearcut 
Clearcut 
Clearcut 
CIearcut 
Road 
Road 
Road 
Clearcut 
Clearcu t 
Clearcu t 
Clearcu t 
C 

C 

4 

' R P  = undisturbed riparian forest edge; BWF = b a e r  strip; NFE = non-riparian forest 

edge. 



Chapter 3. Distribution of birds relative to riparian habitat 

3.1 Introduction 

Two properties of riparian zones generally are used to justiQ their protection 

during timber harvesting. They are important in maintainhg water quality and fish 

habitat, and are viewed as optimal habitat for a disproportionate number of terresirial 

wildlife species (LaRue et al. 1995). Relatively little research has been conducted to 

assess the ecological importance of riparian zones in mesic landscapes where forests are 

generally continuous between riparian and upland (Le. away from shoreline) habitats 

(Hooper 1 989. LaRue et al. 1995, Murray and Stader  1995). Further, most research that 

has been carried out has focused on water quality and fish habitat (Hooper 1989). 

The habitat value of riparian zones often has been explalned in part through edge 

effects, whereby the juxtaposition of two habitat types (aquatic and terrestrial in this case) 

leads to an increase in the richness and abundance of wildlife at the interface (Leopold 

1 933, Odurn 197 1, StreIke and Dickson 1980). Most studies of edge effects in forested 

regions typically have focused on either unnaturai edges created by forest clearing (e.g.. 

Strelke and Dickson 1980, Hansson 1983) or natural ripacian edges (e.g., Gates and 

Giffen 199 1, L a u e  et al. 1995), though Small and Hunter ( 1989) compared these two 

types of edge. 

In this chapter avian assemblages associated with undisturbed riparian edges. 

interior forests and unnahiral edges created by forest harvesting are cornpared. In addition 

to identwng species associated with each habitat type. this allowed assessrnent of 



patterns of habitat seiectioa which lead to edge effects, and of the relative importance of 

ripankm habitat to the local avifauna Further, the inclusion of n0n4pa~a.n edge transects 

should allow gewralist edge species to be differentiated from riparkm species. 

Knowledge of the wildiife communities associated with these habitat types is essential in 

evaluating current boreal forest conservation practices, which give priority to protecting 

riparian habitat and maintaining biodiveaity. 

3.2 Methods 

Cornparisons presented here only use data obtained on riparian control, interior 

forest and non-riparian forest edge transects fiom the 13 blocks sarnpled in 1995. 

Analyses were conducted to test whether habitat structure differed arnong these three 

treatments. Tree basal areas (m'ha) were compared using analyses of vaciance, followed 

by Tukey's test for differences between pain of treatment means (Day and Quinn 1989. 

Sokai and EtohIf 1995). Sïmilar analyses were carried out comparing shrub density 

(number of stemsQO0 m2) between treatments, however since these data were non- 

normally disuibuted, an equivalent non-parametric test was used (Kniskal-Wallis test: 

Sokal and Rohlf 1995). A Steel-Dwass test was then used to check for dflerences 

between pairs of treatments (Day and Quinn 1989). 

Analyses were carried out to test for differences in bird assemblages between 

riparian transects located alongside streams and those located alongside lakes. No 

differences were detected in either total avian abundance (individualdtransect) or species 



richness (speciedtransect) when compared between shoreline types using a general linear 

model. Further, comparisons of counts of each bird species also revealed no differences 

between streams and lakes (Mann-Whitney U-test; Sokal and Rohlf 1995). Coosequently. 

shoreline type was not considered in subsequent analyses of bud counts. A similar senes 

of tests were made cornparhg non-riparian edge traosects located beside clearcuts to 

those located alongside roads. Again no merences were detected, and consequently non- 

riparian forest edge type (road or clearcut) was not included in m e r  analyses. Before 

proceeding, however, it shouid be noted that due to the small sample sizes used in these 

tests (1 3 data points), it is possible that subtle differences may have remained undetected. 

To assess the distributional patterns of individual bird species. comparisons were 

made between pairs of treatrnents (RIP:IM, (NT:NFE, RIP:NFE). Analyses were carried 

out using generalized linear models which included treatment and block as explanatory 

variables (McCullagh and Nelder 1989). Because the response va"ab1e consisted of 

counts (individuals/transect)~ a Poisson error distribution and log-link function were used 

(McCullagh and Nelder 1989). The link function relates the response variable to the scale 

of the linear predictor. in generalized linear models the probability value for each 

explanatory variable is obtained fiom the reduction in residd deviance which results 

fiom its inclusion in the model (McCullagh and Nelder 1989). This follows a C hi-squared 

distribution (X4 and is reported as such. in cases where a total of fewer than six 

individuals had been recorded on the two treatrnents king compared, models which 



provided a good fit to the data (as indicated by analyses of residuals) could not be found. 

Consequently these data were considered insufticient for statistical analyses. 

A simila. series of tests was conducted to evduate the influence of habitat type on 

both species rkhness (number of speciedtransect) and total avian abundance (nurnber of 

individuals/transect). However, the data could not be fit to a theoretical error distribution. 

and so for these analyses a nonparametric randomization test was used (Crowley 1 992. 

Adams and Anthony 1996). in this test values of the response variable (counts) were 

randomly reassigned to the treatment levels without replacement. F-statistic values for 

each explanatory variable were then calculated fiom the redistributed data. Three 

thousand iterations of this procedure were completed. The proportion of the 3000 

randomized F-statistic values equaling or exceedmg the F-statistic value obtained fiom 

the original distribution of the data set was used as the probability estimate for each 

explanatory variable (Le. treatment and block). 

Based on both the O bserved distri bution of sightings between treatments and 

published information (Godfkey 1966, Eakine 1977, Degraffet al. 1980, Welsh 198 1. 

Hooper 199 1, Parker et al. 1994, Darveau et al. 1995, Murray and Stauffter 1999, each 

bird species was assigned to one of five habitat association guilds: (1) Forest generalist 

species, found in forested habitats but showing no clear associations between forest types 

(Le. riparian, interior or edge); (2) Interior forest species, found in forested habitats but 

not dong riparian. and in some cases, anthropogenic edges: (3) Riparian species, 

associated with shorelines and/or riparian vegetation; (4) Opededge species. associated 



with non-forested habitats (e.g., clearcuts) or interfaces between forested and non- 

fo rested habitats; (5) Ubiquitous species, those sho wing no clear patterns of association 

between the habitat types considered in study. Totais fiom these guilds were used to 

subdivide plots of both species ricbness and total abundance thereby illustrating some 

differences in the composition of the avian assemblage associated with each habitat type. 

3.3 Results 

3.3.1 Habitat 

Vegetation differed among treatments (Tables 3.1 and 3.2, Figs. 3.1,3 2 ,  and 3 -3). 

The basal area of black spruce was significantly greater on riparian forest edge transects 

than on those located in interior foren or non-riparian edge habitats (Table 3.1). A 

significant effect of treatment on white birch was also detected. where the average basal 

area in riparian habitat was less than one half of that in either interior forest or non- 

riparian edge habitat. Standing dead wood was more abundant dong interior forest 

transects than either of the other two treatments. Mean densities of al1 classes of shrubs 

were greater dong the riparian transects than in the interior forest (Table 3.2); mountain 

maple was the only species for which this difference was not signifcant- Mean densities 

of al1 shrub classes were also greater non-riparian edge than interior forest transects. 

however, in this case, the difference for mountain maple was significant, whereas the 

differences for alder and mountain ash were not. Alder density was greater on riparian 

transects than on non-riparian edge transects. 



33.2 Bird assemblages 

Distinctive bird species were associated with each of the habitat types sampled. in 

total, 37 species were identified during the 1 17 tramect surveys (Table 3.3). Species 

richness and avian abundance were significantly higher dong non-riparian edges than 

riparian edges (Table 3.4; Fig. 3.4). Only one species, northem wateahniçh, was 

significantly more common on riparian tramects than either non-riparian edge or interior 

forest transects. Spotted sandpiper, belted kingfisher, black-and-white warbler. yellow 

warbler and rusty blackbird were found exclusively dong riparian transects, though 

counts of these species were low. Yellow-bellied flycatcher. black-throated green warbler 

and ovenbird were signincantly more common along interior forest than riparian 

transects, and intermediate in abundance along non-riparian edges. Red-breasted nuthatch 

and Swainson's thmh were significantly more common along interior forest transects 

than either riparian or non-riparian edge transects. Gray jay and dark-eyed junco were 

more comrnon on non-riparian edges than on riparian edges. White-throated sparrows 

were more common on non-riparian edges than in the intenor forest. 

3.4 Discussion 

3.4.1 Habitat 

Although balsam fir was the dominant tree species on al1 transects, clear 

vegetation differences existed between the three treatments. Riparian habitat was 



characterized by relatively lo w basal areas of white birch and standing dead wood, a hi& 

mean basal area of black spmce and hi& densities of shnibs. especidy alders. in some 

cases a narrow (< 3 in) ericaceous s h b  a d o r  graminoid ( p s e s ,  sedges, rushes) 

vegetation band separated the woody vegetation fkorn the water's edge (Fig. 3.1). These 

characteristics are not unexpected given the increased soi1 moistue and light availability 

dong shorelines. Although the extent of the riparian vegetation zone was not measured. 

the transition to upslope/interior forest was generally distinct and occurred wiihin 5 - 50 

m of the shoreline (pers. obs.). 

interior forests typically had the highest balsam fu and standing dead wood basal 

areas, and lowest shmb densities (Fig. 3.2). Othen also have found that standing dead 

wood increased away from shorelines (McGarigal and McComb 1992, Murray and 

StaufEer 1995). One might expect the distribution of tree basal areas to be sùnilar between 

interior forest and non-riparian edge transects, as these edges were located in the forest 

interior pnor to the adjacent harvesting. Total basai area was, however. somewhat lower 

dong non-riparian edge transects, largely due to lower conifer basal area. Also. standing 

dead wood basal area was low dong non-riparian edges. It is likely that these reductions 

reflect disturbance related to harvesting, primarily windthrow, which causes high losses 

along unnatural forest edges in Newfoundland (Robertson 1993). Well developed shmb 

communities were charactenstic of deforested areas. and often graded a short distance 

into the forests (Fig. 3.3). 



Figure 3.1. Typical riparian habitat in the study area 



Figure 3.2. Interior forest habitat in the stuây arPa Note the open understory and 
standing dead wood 



Figure 3.3. A non-ripaian forest edge in the study area. 



3.42 Bird assemblages 

The bird assemblages observed dong ripm*au edges included several 

distinguishing species. Northem waterthnish were associated with riparian transects; 

spotted sandpiper, belted kingfisher, yellow warbler and nisty blackbird were found 

exclusively (in Low numbers) dong ripm*an transects. AU are generdy associated with 

ripanan habitat in b o r d  forests (Godfky 1966, Erskine 1977, L a u e  et al. 1995). The 

few sightings of black-and-white warbler were also limited to riparian tnuwcts, although 

this species is not generalty associated with shorelines (Erskine 1977, Murray and 

Stauffer 1995). in addition to these terrestrial riparian birds, severai species of water 

birds, which typically nest in riparian habitat, were seen in the study area These species 

were typicaliy seen on lakes, and included common loon (Guviu hnrer), Canada goose 

(Branta canadensis), American black duck (Anas nrbripes), ring-necked duc k (Aythya 

collcrris), greater scaup (A. marila), common goldeneye (Bucephala clangula) and 

merganser (Mergus sp.). Though beyond the scope of this study, these species are 

important components of regional riparian bird assemblages. 

Several species were more common dong interior forest transects than dong 

riparian edges. Within this group two distributional pattern were evident: (1) Red- 

breasted nuthatch and Swainson's thnish were significantly more common dong interior 

transects than either riparian or non-riparian edge transects, and so are considered true 

"interiof' (Le. edge avoiding) species in the context of this study. (2) Yellow-bellied 

flycatcher, black-throated green warbler and ovenbud were also significantly more 



common along intenor than riparian tmmects, but were intermediate in abundance along 

non-riparkm edges. With the exception of Swainson's thrush, which was associated with 

riparian habitat in a study in Oregon (McGarïgai and McComb 1992), al1 of these species 

have been associated with interior forest habitat in other regions (Derleth et al. 1987, 

Hooper 199 1, LaRue et al. 1995, Murray and Stautfer 1995). Hennit thrush, a species 

oflen associated with interior forest habitat (Hooper 199 1, LaRue et al. 1999, was most 

fiequently observed along interior forest transects, but was uncommon. 

In addition to the occurrence of several of these "interior" species, other aspects of 

the avian assemblages observed dong non-riparian forest edges were distinctive. 

Observations of white-throated sparrow were significantly more kquent here than in the 

interior forest, and their abundance along non-riparian edges was approxirnately twice 

that on riparian edges. Both darkeyed junco and gray jay were ~ig~ficantly more 

common along non-riparian forest edges than along riparian edges, and rare in interior 

forests. Other species associated with early successionai openings and edges were most 

abundant along non-riparian forest edges (e.g., magnolia warbler, mouming warbler, 

Lincoln's sparrow). 

Riparian habitat supports the most species-rich and dense bird assemblages in arid 

regions (e.g., Hubbard 1977, Johnson and Haight 1985, Szaro and . M e  1985, h o p €  

1986) and in rnesic broadleaf forests in eastem North America (Hair et ai. 1978. Hooper 

1 99 1 ; see also Gates and Gi ffen 1 99 1 ). Zones of ri pan-an vegetation are typical ly narro w 

in boreal forests, and the present study found neither avian species richness nor total 



abundance to d s e r  between nparim and interior forest habitats. These findings are. 

however, consistent with those of most other studies conducted in coniferous and mixed 

coniferous-deciduous forests (Knopf 1985, Small and Hunter 1989, Hooper 199 1, 

McGariga.1 and McComb L992, Murray and Stariffer 1995, Haché 1996). 

Unlike fïndurgs fiom otber coaiferous fore*, L a u e  et al (1995) found species 

richness and abundance to be greatest in riparkm portions of balsam tir-white cedar stands 

in Quebec. However, they categorized birds occdng  within 200 m of the shoreline as 

being associated with riparian habitat (LaRue et aL 1995). Other studies (Hooper 199 1. 

Murray and Stauffer 1995, Haché 1 996), including the present one. have found that the 

shifi fiom riparian to interior forest bud assemblages occurred well within 200 m of the 

shoreline. It seems likely that the lower resolution "riparian" plots of LaRue et aL ( 1 995). 

through the inclusion of both riparian and interior species, overestimated the species 

richness of nparian assemblages. Indeed, al1 bird species identified here as king 

associated with interior forest habitat were comrnon on both riparian and non-riparian 

forest plots sarnpled by LaRue et aL (1995). 

3.4.3 Edge effects 

Bird species nchness and totai abundance dong anthropogenic forest edges 

(NFEs) were significantly greater than dong riparian forest edges (Table 3.4, Fig. 3.4). 

Two factors seem to be responsible for this: (1) Many "interior" species, which were rare 

dong riparian edges, were common dong non-riparian edges (eg.. yellow-bellied 

flycatcher. hennit thnish. black-throated green warbler, ovenbird). The mechanism 
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Figure 3.4. Mean bird species richness (a) and mean abundance of birds @) on 
undisturbed riparian edge (EüP), interior forest ([NT) and non-riparian forea 
edge (NFE) transects. Subdivisions o f  each column indicate the mean for each of 
five habitat guiids. 



responsible for this difference was not tested but is likely linked to structuml and 

vegetational ciiffierences between the two edge types. For example, the zone of increased 

biack spruce which was typical of riparian edges was not present along non-riparian 

edges, and may act as a "barrie?' to the movements of species associated with interior 

forest vegetation types. Black-throated green warbler, ovenbird and red-breasted nuthatch 

are characteristically associated with fi, but not spruce stands (Eakine 1977). (2) Avian 

assemblages along non-riparian edges include more open, edge and mixedohabitat species 

than those dong shorelines (Small and Hunter 1989, Gates and Giffen 199 1). Present 

fmdings support this pattern, with the highest counts of these species (gray jay, magnolia 

warbler, mouming warbler, dark-eyed junco, white-throated sparrow, Lincoln's sparro w) 

occurring along non-riparian edges (Fig. 3.4). in contrast, aquatic habitat adjacent to 

riparian edges contributed relatively Little to the terrestrial riparian bird assemblage with 

the exception of aquatic foragea (belted kingfisher, spotted sandpiper, northem 

waterthnish). indeed most riparian species were relatively rare and may restrict 

themselves to the narrow riparian vegetation zone (see chapter 4; Manuwal 1986). 

The inclusion of non-riparian edge transects in the study should have allowed 

generdist edge species to be distinguished fiom riparian edge species: however. no 

species appeared to select both edge types over intenor forest habitat. Consequently. none 

of the species selecting riparian edges over interior forest was provided with altemate 

habitat along edges created by forest clearing (see also Small and Hunter 1989). Distinct 



bird assembiages are associated with intrinsic riparian edges and anthropogenic non- 

riparian forest edges. 





Table 3.2. Comparison of shrub densities across ihree habitat types. The effect of treatment was assessed 

using a Kruskal-Wallis test, and the corresponding probability is reported (P); significant values (Le. P < 

0.05) are printed in boldface type. Analyses for differences between pairs of treatments were made using 

a Steel-Dwass test; values followed by the same letter are not significantly different. 

Mean density (stems/200 m2) i 95% C.I. 
RIP INT NFE P 

~ l d e r ~  ( A ~ s  spp.) 30.2 f 14.3' 0.7 î- 1 .3b 1.9 f 2.8b < 0,001 
Mou ntain maple (Acer spicatua) 13.2 f 8.0Lb 6.7 f 5.6' 29.0 f 1 1 .8b 0*07  
Mountain ash (Sorhr4.s urnericana) 6.5 & 2,7a 1.1 f 0 . 8 ~  4.1 f 2.lnib 0.001 
Other shrubsf 16.0 f 6.6' 1.4 f 1.3" 13.4 f 7.0' < 0,001 

Total 65.8 i: 1 6Ja 9.991d' 48.3 i 16.5' < 0.001 

. . - -. . - . - . . . - - . . - . . . . . . - -. - 

' Mountain alder (Alnrcs crispu) and speckled alder (A. rugosu). 

Common spec ies i ncl uded beaked hazel nut (Corylrcs cornutu), Canadian yew ( Taxus cumdensts), 

chuckley pear (At~iekunchier spp.), red elderbeny (Sutnbrccr~s pubens), red-osier dogwood (Cornus 

sîol~~n~#iru), wi Id rasin ( Vibwnrciii ccissinoides) and squashbeny ( Y.  edule). 



Table 3.3. Mean frequency of bird observations along 13 transects in each of three habitat types. Pairs of treatments were 

compared using a generalized linear model with Poisson error distribution (null model = 25 d.f,), Significant probability- 

values (Le. P < 0.05) are printed in boldface type. Based on these observations, as well as published information (see text) 

species were separated into five habitat selection guilds, and are grouped as such below. 

Total Mean Frequency Painvise cornparisons P (k, 1 d,f,)I 
Habitat selection guild count (iiidividuals1200 m transect) 

speciest RIP INT NFE RIP:INT iNT:NFE RRNFE 

Forest Generalist 
Rwffed grouse (Boriusu ut~tbe/hw) 
Black-bac ked wood pecker (Picoidc'.~ arc/ic*i/s) 
Downy woodpecker (P, prrbescens) 
W airy wood pecker (P. vi/Iosr/s) 
Black-capped chickadee (Punu utricupillus) 
BoreaI chickadee (P. fatrdsotticirs) 
W inter Wren ( T r o g l o ~ ~ s  rroglodyfes) 
Golden-crowned kinglet (Regir/rrs sarrapu) 
Ruby-crowned kinglet (R. cu/etiddu) 
Black-and-white warbler (Mllio~illu vuriu) 
Pine grosbeak (Plrlicola enrrcleutor) 
Pine siskin (Cardirelis pinirs) 
Purple finch (Curpoduct/,s ptrrpurei~s) 

Subtotal 
Interior 
Y el  low-bel1 ied flycatc her (Ettt/~idortuvflur~ir~et~/ris) 
Red-breasted nuthatch (,Wu cut~uriertsis) 
Hernii t t hrwsh (Cu/liurw gn/furrrs) 
Swainson's thrush (C rtsiirluirrs) 
B tack-tliroated green warbler (Dc.rtdroic.cr vireris) 
Oven bi rd (Seii~rtcs ur/roctrpil/rwr.) 

Subioit11 

- 
- 
0,978 (~0.0 I ) - 
0.70 l (O, 15) 
0.963 (<O,O 1) - 
- 
0.329 (0.95) - 
.1 

0,489 (0.48) - 

0.011 (6.52) 
0.047 (3.96) 
0.088 (2,9 1 ) 
0.013 (6.20) 
0,046 (4,OO) 
0.013 (6.20) 

m 

h - - 
0,476 (0.5 I ) 
0,798 (0,07) 
0,409 (0.48) 
C 

0,758 (O, IO) - 
- 
0,197 (l,66) - 

0,504 (0.44) 
0.047 (3.96) 
0,477 (0.5 1 ) 
0.049 (3,86) 

- 
0,737 (O, 1 I )  
0,795 (0.07) 
O, 703 (O, 1 5) 
0.967 (cO.0 I ) 
0.504 (0,45) 







Chapter 4. Bird assemblages inhabiting riparian buffer strips 

4.1 Introduction 

Riparian buffer strip reserves are typicdy promoted as a means of minimizing the 

impacts of logging on terrestriai and aquatic wildüfe, but specific conservation objectives 

are generally poorly defhed. Presumably one of the primary goals is the protection of 

species preferring or de pendent on riparian habitat. Riparian and interior forest bird 

assemblages can be distinguikhed in coniferous and muedwood forests, each typically 

containing characteristic species (Chapter 3; see also Knopf 1985, Smail and Hunter 

1989, McGarigal and McComb 1992, Murray and Stauffer 1995, Haché 1996). However. 

managers generally assume that most species prefer or frequent riparian habitats, and will 

consequently use b a e r  stnps (see Hooper 1989). These assumptions remain largely 

untested in boreal Forest ecosystems. 

The widespread acceptance of the notion that riparian habitats are preferred by 

most species is evident in the few studies designed to evaluate the conservation potential 

of b a e r  strips for forest birds (see Johnson and Brown 1990, Trïquet et ai. 1990. 

Darveau et ai. 1994, Darveau et al. 1995). These studies compared abundances of species 

inhabiting undisturbed riparian forests to those observed in buffer strips, with liale or no 

consideration king given to the relative use of riparian and intetior Forest habitats by 

each species. Consequently, these studies did not pmvide information on the use of buffer 

strips by either riparian or non-riparian (e.g., interior forest) species. Further. the authors 

oRen indicated a need to identiQ the minimum width of buffer strip necessary to maintain 



a species assemblage similar to that found on an undisturbed shoreline (Johnson and 

Brown, 1990, Darveau et al. 1994; see aiso Spackman and Hughes 1995). It is  hopeful at 

best to suggest that even wide buffer strips (Le. 50 - 100 m in the boreal forest) could 

support an unaltered and complete forest bird assemblage. A more productive approach 

would be to identify patterns of habitat selection by the species involved and then use 

this information to explain ciifferences in bud assemblages found dong undisturbed and 

bufEered shorelines. Appropriate conservation strategies, which likel y go beyond simply 

altering the width of buffer strips. can then be developed for those species which are not 

benefiting. 

The objective of research presented in this chapter was to evaluate the use of 

b e e r  strips by terrestrial birds in a boreal Forest ecosystem. However, beyond simply 

reporting observed differences between buffer stnps and undisturbed shorelines. 

information on the distribution of each species (as described in chapter 3) was used to 

explain changes. Vegetation aiso was compared between control and buffered shorelines. 

as this has been shown to change rapidly after clearcutting, and may affect the use of 

these strips by birds (Darveau et al. 1994). This approach should point to the mechanisms 

leading to many of the observed differences in bird assemblages, thus dlowing changes to 

be better understood and, where necessary, solutions proposed. 



4.2 Methods 

Data analyses presented here provide a cornparison of observations along 

u n d i ~ b e d  riparian edge (RIP) and buffer strip transects (BUF). Bird sweys fiom three 

pairs of undisturbed shoreline and bufXer strip transects sampled in 1994 were found to 

meet the critena of the 1995 study design (Le. 200 m transects placed approximately 20 m 

fiom the shoreline, similar sampling methodology and intensity etc.), and were pooled 

with these data to increase sample size. ïhese three pairs of transects were not included in 

the 13 blocks sampled in 1995. Thus, the data set included bird nirveys from a total of 16 

transects (3200 m) along each iype of shoreline. Nine pairs of transects (1 800 m) were 

located dong lake shores, while seven pairs (1400 m) followed streams (see Table 2.1). 

Analyses were carried out to assess whether vegetation differed between control 

and buffer sttip shorelines ( 1995 transects only). Tests for diffierences in tree basal areas 

were carried out using a paired-cornparison maiysis of variance (Sokal and Rohlf 1995). 

Wilcoxon's signed ranks test was used to compare densitïes of shnibs between control 

and buffer strip shorelines (Sokal and Rohlf 1995). 

No differences in bud assemblages were found between riparian controls placed 

alongside nven and lakes (Chapter 3). Similar tests were carried out comparing the 

kquency of bird observations between r i v e ~ e  and lacustrine buffer strips using a 

general linear model. Explanatory variables included the width of the buffer strips (as a 

covariate), the type of water body. and the interaction between the two. Again, there was 

no effect of water body type. and this was not included asa variable in further analyses. 



Due to the smaii number of 1994 blocks, we were unable to test for any dinerences 

between years, however al1 trends observed on the 1995 blocks also were evident on 1994 

blocks, and 1994 counts fell within the range observed in 1995. Consequently, study 

blocks nom both years were pooled in firrther data analyses. 

Cornparisons of bird observations between undishirbed and buffered shorelines 

were carried out at three levels. initially two comrnunity level panuneters, species 

richness (ie. number of species observed per transect) and total abundance of birds, were 

compared. Following this, cornparisons were made at the species and habitat guild levels 

(following the classification of chapter 3). 

As in chapter 3, bird counts were compared between control and buffer strip 

transects using a generdized linear mode1 with a Poisson error distribution and log-Iink 

fhction (McCullagh and Nelder 1989). These models were acceptable at the species and 

guild levels. However, as the mean value of count data increases. its emr distribution 

approaches normality. Consequently, total relative abundance (i.e. dl bird observations 

combined) and species richness (number of species) were better modeled using a paired- 

comparison analysis of variance (Sokal and Rohlf 1995). AI1 cornparisons of bird 

observations behveen control shorelines and b a e r  strips were carried out twice. The fint 

analyses included al1 observations obtained within 30 m of the transects. However the 

clearcuts adjacent to b a e r  strips often extended within this sampling ares likeiy leading 

to underestimation of the density of forest-dwelling species within buffer strips. Hence. 

the original analyses were repeated after excluding observations obtained in clearcuts and 



an equivalent portion of the paired riparian controls (i.e. considering ody forested 

habitat). Both anaiyses are repocted. 

in order test the infiuence of b&er strip width on bird numbers, counts obtaïned 

within each b a e r  stnp were regressed against its width. This was done for each of the 

five guilds and for al1 species combined. 

4.3 Results 

Habitat structure differed between control and buffer strïp shorelines. Total tree 

basai area was significantly lower in the buffet strips than along the control shorelines 

(Table 4.1). This difference was reflected in lower basal areas of both conifea and 

hardwoods, as well as some individual species. Shmb densities were variable, and no 

significant differences were observed (Table 4.2). 

Avian assemblages differed between the control and bufEer strip shorelines. The 

total number of birds observed in b a e r  strips was significantly higher than in the 

riparian controls, while the difference in mean species richness between these two 

approac hed significance (Table 4.3). ï'hese differences arose largely due to signi ficant 

increases in the opededge and ubiquitous habitat selection guilds. while counts for other 

guilds remained relatively similar between buffer mip and control shorelines (Table 4.4). 

Several species fiom the opededge and ubiquitous guilds were significantly more 

abundant along b a e r  stnp transects, while no species fiom any guild was significantly 

Iess abundant in buffet strips. 



Cornparisons of analyses including ail birds seen witkn 30 m of the tmnsects to 

analyses of those seen within the b a e r  sûip aione reflected merences in patterns of 

habitat selection between guilds (Table 4.4). -4s expected, the clifference between buffers 

and controls was more pronounced for the opededge guild when clearcut habitat was 

included in the analysis. Two species h m  this guild, magnolia warbler and white- 

throated sparrow, were significantly more fiequentiy observed along the buffer strip 

transects only when clearcut habitat was included. The opposite was true for the 

ubiquitous guild, where the fiequency of observation was significantly higher for two 

species (blackpoll warbler and yellow-nunped warbler) and the guild as a whole only 

when counts were resaicted to forested habitat. The initial cornparison (includiig clearcut 

habitat) of forest generalists between treatments seemed to indicate a possible reduction 

in numbea along bufEer strips, however after the exclusion of deforested habitat there 

was no evidence of such a trend. 

Predictably, regression of the total number of birds observed within buffer strips 

on buffer width revealed a significant positive relationship (Table 4.5). However at the 

guild level this trend approached significance only for the interior forest and ubiquitous 

guilds (Table 4.5). Counts of forest generalists, ciparian and opededge guilds showed no 

evidence of being influenced by buf5er width. 



Figure 4.1. A typid buffer strip in the study area. The paired control shorehe was located 
on the fir shore. Note the windthrown trees dong the edge of the clearcut. 



4.4 Discussion 

4.4.1 Habitat 

While it was not measured directiy, the most likely explanation for the reductions 

in tree basai area observed within buffer strips is through windthrow. Large numbers of 

blown down trees were observed in many buffers (see Fig 4.1), and comparable 

reductions in basal area were observed in anthropogenic non-riparian edges (Chapter 3). 

Similar losses of trees due to windhrow were observed in balsam fi stands in Quebec. 

leading to an annual decline in populations of the forest dwelling birds inhabiting 20 - 60 

m wide bufTer strips parveau et al. 1994). The authon concluded that in regions where 

hilly relief induces wind corridors and tree species are susceptible to windthrow (e.g., 

balsam fir)' narrow riparian buffers may have oaly short-terni value as habitat for 

breeding birds (Darveau et al. 1994). Thîs may be the case in Nedoundland, where 

windthrow causes annual losses of 10 - 15 % of wood volume in buffer mips (Robertson 

1993). 

1.4.2 Bird assemblages 

Presumabiy riparian forest management policies are most directly aimed at 

conserving species dependent on riparian habitat. Consequent ly, the response of these 

species is of primary concem in evaluating the effectiveness of buffer strips. At the guild 

level, counts of riparian species were similar between control shorelines and buffer strips 

(Table 4.4). Further. regession analyses showed no association between counts of 



riparian species and buffer &p width (Table 4.5). This likely stems Eom the association 

of these species with habitat provided dong the shoreline edge of the b s e r  strip. which 

wouid not increase in proportion to its width. Thus, it seems unWrely that increasing the 

width of b&er strips would increase their use by riparian birds. in contrast to hdings in 

Maine (Johnson and Brown 1990), northern waterthrush was not less abundant dong 

buffers than undisturbed shorelines. E-lowever, the study conducted in Maine was 

unreplicated, making it ditticult to separate the effect of harvesting fiom intrinsic 

variability between two Iake shores. The five remaining riparian species were al1 

uncommon, and no differences between control shorelines and b&er strïps were detected 

for these (Table 4.4). 

The general rarity of riparian birds in riparian habitat was unexpected. A likely 

explanation is that these species occupy narrow, linear shoreline temtories. Manuwal 

(1 986) described two distinctive territory shapes dong streams in Montana Some species 

typically occupied syrnmetric temtories spanning riparian and upland vegetation. while 

othen had elongated temtories which fell almost entirely within riparian vegetation. 

While Manuwd ( 1986) did not assess the dependence of each species on riparian habitat. 

it is likely that those with linear shoreline territories would not be found elsewhere in the 

landscape. Such a pattern of habitat selection by riparian species would result in low 

encounter rates by observers using linear or point sampling techniques, as each temtory 

would occupy a long segment of shoreline. Studies of riparian species rnay thus require 

more extensive sampling than is typically necessary in studies ofspecies selecting other 



(Le. noolinear) habitat types. Also, cornparisons of densities between riparian (and those 

associated with other edge types) and intenor species shodd be made with caution. 

Studies incorporating temtory mapping or telemeüy (see Bibby et al. 1992) would be 

useful in i d e n t w g  patterns of riparian habitat use. 

Darveau et al. (1995) suggested that, since densities of forest birds observed 

wiihin 80 m of shorelines having narrow buffets (20 - 40 rn) were lower than on forested 

controls, while nurnbea of ubiquitous birds increased, narrow buffer strips were more 

favorable for ubiquitous species. Woodland species would not, however, be expected to 

inhabit deforested areas, and consequently analyses including sampling in clearcuts are 

likely biased Analyses considering bufKer area only indicated that in Newfoundland. as in 

Quebec (Darveau et ai. 1995), densities of forest generalists remained relatively 

unchanged within narrow buffer strips. Thus, we suggest that in the boreal forest, riparian 

buffers of any width greater than 20 m are likely beneficial to forest generalists. In bo th 

this study and Darveau et al. (1995) many woodland species were found in areas that 

would have k e n  unsuitable without buffet strips (see Triquet et al. 1990; Whitalcer, 

unpubl. data). The lack of association between buf5er sûip width and counts of forest 

generalists is unexpected, given that the habitat area available to these species (as we 

have defhed it) should increase with strip width. It is possible that the range of buffer 

widths sarnpled was not great enough to detect a response. 

As with forest generalists, no difference in abundance was detected for the interior 

forest guild between control shorelines and buffet strips (Table 4.4). Consideration of 



data 60m shoreline habitats alone might lead to the conclusion that these species are 

adequately protected in buffers. However, the rarity of these species on control plots 

redted fiom their gewral absence in cipankm habitat, not overall rarity in the region. The 

mean fkquency of sightings dong interior forest transects (Le. 150 m fiom the shoreline) 

was greater than three times that observed dong either riparian controls or b&er mips 

(Chapter 3). Indeed only ttvee of six intenor forest species were observed in b a e r  strips. 

Thus both undisturbed shorelines and b d e r  strips may be poor or marginal habitat for 

these species. 

Regression analyses suggested a possible positive relationship between counts of 

interior forest birds and bufTer strip width (Table 4.5). It is likely that, were they wide 

enough, buffets may be able to provide adequate interior forest conditions to support 

some species selecting this type of habitat. However, even the widest buffers sampled (40 

- 50 m) supported densities of less than 50% of that obsewed in interior forest habitats. In 

the boreal forest, where surface water is abundant, the economic impacts of setting aside 

riparian bufFers large enough to support populations of interior forest species would be 

high. in addition, core interior forest (> 100 m fkom any edge; Temple 1986) can only be 

preserved by setting aside large, relatively symmetric reserves, not extensive linear 

bufîea. Consequentiy, it is clear that separate conservation sbategies are required to 

maintain populations of nparian and intenor forest species in managed woodlands. There 

is reason to give detailed consideration to the conservation of interior forest birds. 

Populations of many of these species have declined throughout northeastern North 



Amerka in recent years (Robbins et al. 19894 Sauer and Drwge I992), a trend which 

has been Iinked to anthropogenic forest hgmentation (Askins et ai. 1990). 

The most pronounced changes in riparian assemblages were observed in the 

opededge and ubiquitous guilds, both of which were significantiy more comrnon along 

bufEer strips than dong undisturbed shoreluies (Table 4.4). Similar increases in many of 

these species were observed in buf5er strips in Maine and Quebec (Johnson and Brown 

1990, Darveau et al. 1995). The change in opededge species is not unexpected given that 

their preferred habitats have k e n  created in an area that previously supported continuous 

forest cover. Correspondingly, the difference between controls and bufTers was more 

pronounced with the inclusion of clearcut habitat. Counts of opededge species sho wed 

no response to increasing buffer stnp width. As with the riparian guild, this likely stems 

from their association with habitat provided along the edge of the buffer strips. which 

would not increase in proportion to b&er width. The mked habitat provided by buffer 

strips appears to be favorable to species classified here as king ubiquitous. The 

difference for the ubiquitous guild, and two of its species (blackpoll and yellow-rumped 

warblen) was significant only after the exclusion of clearcut habitat, thus suggesting 

greater use of habitat within the buffer strip. Counts of ubiquitous species did show a 

positive relationship with strip width. Given that ubiquitous species were less abundant 

along control shorelines, where forests extended greater than 300 m upslope, there is 

presurnably an optimum bufFer width beyond which densities of these species would 

decline. 



The higher total abundance and species richness of the bud assemblage observed 

in buffer strips is not surprising given that two guilds became more abundant., while no 

guild, or even individual species, was significantly less abundant in this habitat. These 

increases could be explained through packing of birds which originally inhabited the 

(now harvested) forest into the residual b d e r  strip (see Darveau et al. 1995). This 

explanation is, however, unlikely for two reasom. FUst, the time since harvesting (2 3 

years) on buffer strip plots shodd have been great enough for densities of breeding birds 

to stabilize. Darveau et al. (1995) found that populations of boreai forest bids in buffer 

strips (20,40 and 60 m wide) retumed to approximately preharvest levels within three 

years. Second, a large portion of the observed increase can be attributed to species in the 

opededge guild, which are associated with clearcut habitat that has been added to the 

a m ,  not the intenor forest which was removed. Non-riparian forest edges dso were 

distinguished from undisturbed riparian control shorelines through higher species 

richness and bird abundance, resulting largely from high counts of open ground and edge 

associated birds (Chapter 3). Thus the juxtaposition of natuml riparian and unnatural non- 

riparian forest edges almg the length of nanow buffer strips resulted in the development 

of bird assemblages containing the distinguishing species of both edge types. In addition. 

ubiquitous species becarne more abundant than they were dong either type of edge alone. 



Table 4.1. Results of ANOVAs comparing tree basal area between undisturbed riparian forest edges (RIP) and 

riparian buffer strips (BUF). Three 200 m2 plots were sampled along thirteen transects in each shoreline type (null 

d.f. = 77). Significant probability values (Le., P < 0.05) are printed in boldface type. 

Mean basal area (mZ/ha) i SE ANOVA summary 
RIP BUF M S  FI .64 P 

Coni ferous speciest 
Balsam fir (Abics bulsumeu) 21,7* 1.7 16.3 î 1.6 566.68 6.50 0.013 
B lac k sprucc (Piceu itruriunu) 7,7 * 1 ,O 8.1 k 1.3 3.20 0.09 0,768 
White spruce (Piceu glrriccu) 1.3 i- 0.4 0.8 f 0.3 '2.79 0.92 0,342 

Subtotal 30,7 k 1,s 259 * 1,4 4564 5.41 0,023 
Deciduous speciesf 

Whitebirch(Be~z~Iu~~~zpyrifrcc) 1.6f0.3 1 ,O k 0.3 8-2 1 4.69 0,034 
Red maple (Acer rrtbrrim) 0,4 k 0.2 < 0.1 3.06 2.84 0,097 

Total hardwoods 2.2 f 0.4 1 ,O f 0.3 27.29 9.27 0.003 
~ota l '  32.9 I 1.6 26.8 k 1.4 7 18.85 8.38 0.005 
Standing dead wood 9.0 * 1.1 8.9 k 1.0 0.15 0,OO 0.994 

Eastern larch (Lurix Iurici~ia), pin cherry (Przws pcnsylvunicu) and yellow birch (Betula luteu) were also 

present (but rare) and are included in the appropriate totals. 



Table 4.2. Shmb densities in undisturbed riparian forest edges (W) and ciparian b a e r  

strips ( B q .  Treatments were compared using Wilcoxon's signed ranks test. 

Mean density (stems/200 mz) t 95% CL 
RIP BUF P 

Aider (A1m.s spp.) 30.2 & 14.3 
Mountain maple (Acer spicatum) 13.2 t 8.0 
Mountain ash (Sorbus americana) 6.5 + 2.7 
Other shrubs: 16.0 k 6.6 

Total 65.8 + 16.7 

- - 

t Mountain alder (Alnus crispa) and speckled alder (A. rugosa). 

' Common species included beaked hazelnut (Corylus cornuta), Canadian yew (Tmnis 

canadensis), chuckley pear (Amelonchier spp.), red elderberry (Sambucus pubens), red- 

osier d o g w d  (Coms  srolonfera), wild rasin (Viburnwn cassinoides) and squashbeny 

( V. eduie). 



Table 4.3. Cornparison of avian assemblage parameters between undisturbed ri parian 

controls (RIP) and buffier stcips (BüF). Cornparisons were carried out using a randomized 

complete biocks ANOVA. Two analyses were conducted: (1) AU individuals within 30 

m. (2) Individuals detected in the buffer area only. Signiscant probability values (i.e., P c 

0.05) are p ~ t e d  in boldface type. 

Mean 
f?equency/transect f S.E. ANOVA summary 
RIE' BUF MS Fi. i s  p 

Al1 sightings 
Totalrelativeabundance 10.7t0.9 13.2&1-1 50-00 8.33 0.011 
Species richness 8.1 + 0.6 8.6 & 0-5 2-00 1.07 0.3 17 

Buffer area only 
Total relative abundance 7.8 f 0-9 10.5 a 1.2 60.50 16.35 0.001 
S pecies richness 6.2 + 0.7 7.2 + 0.5 8 .O0 4.44 0.052 



Table 4.4. Mean frequency o f  bird observations on transects followiny undisturbed riparian edges (RIP) and riparian buffer 

strips (BUF). Treatments were compared using a generalized linear mode1 with Poisson error distribution. Significant 

probability values (Le., P < 0.05) are printed in boldface type. Two analyses were conducted: ( 1) All individuals within 30 m. 

(2) lndividuals detected in the buffer area only. 

All sightings Buffer area only 
Mean Mean 

Habitat selection guild frequency/transect fiequencyJtransect 
s ~ ~ c ~ s '  nbirds RIP BUF ~ ( ~ ' ; I d f )  nbirds RIP BUF P ( x 2 ;  1 df) 

Forest generalist 

VI Black- backed woodpec ker (Picoides arcricirs) 2 0,06 + Downy woodpecker (P, prrbescens) 5 O, 19 
Hniry woodpecker (P. vilhstrs) 2 0.13 
B lack-capped c hickadee (Parris a t r icapih)  7 0,25 
Boreal chickadee (P, hrrdsorricrrs) 23 OS6 
Win ter Wren (Trog/odytes troglu@res) 5 O, 19 
Golden-crowned kinglet (Regrrlrrs satrapu) 3 0.19 
Ruby-crawned kinglet (R, calendrrlr) 31 1.06 
Black-and-white warbler (rtfr~iori/ru varia) - 9 0.13 
Pine grosbeak (Pinicola entrclearor) 2 0.13 
Pine siskin (Curdrrelis pirttcs) 32 0.94 

Subtoial 104 3.81 
Interior 
Yellow-bellied flycatcher (Elrrpi&r?a\.fla\)i~te?iiri,~) 20 0.56 
Red-breasted nuihotch (Sittu cur~udertsis) I 0.06 
Hermit thrush (Curharrrs girtiufrts) 4 0.06 
Swainson's thrush (C: rr.vtrr/utrrs) 2 0.13 
Black-throaicd green warbler (Dctrdroiw \~iret~.s) 16 053 
Oven b i rd (Seiirrirs rtrrrocupillrrs) I 0 .O6 

Subtotnl 44 1.50 

- 
0,703 (O, I 5) 
0.294 ( 1.10) - 



Ripa rian 
Spotted sandpiper (Acriîis rriucrtlariu) 
Bel ted kingfisher (Ceryle ulcyon) 
Norihern waterihrush (Seiirrirs noveboracensis) 
Wilson's warbler ( Wilso~riu pirsilla) 
Y el low warbler ( Deridroicu pewhiu) 
Rusty blackbird (Errphagrrs caro1ittrc.s) 

Subtotal 
OpenlEdge 
Ol ive-sided flycatc her (Conropus horeulis) 
Gray j ay ( Perisoreus çunudemis) 
Magnolia wnrbler (Drndrofcu magnoliu) 
Mourning warbler (Oporornis philudelphicr) 
Dark-eyed junco (Juttco Ityettralis) 
White-throated sparrow (Zonoîrichiu alhicollis) 
Lincoln 's sparro w (Melospiza lincdnii) 

Subtotal 

u, 
U biquitous 

VI Common fi ic lier (C'vlap/es urrrutirs) 
American robin (Tirrdw migruroriru) 
B lac kpol l warbler (Deridroica sfriutu) 
Y e t low-rum ped warbler (D, cororia~u) 
Fox sparrow (Pusscrellu iliucu) 

Subtotal 

rn 

0,668 (O, 18) 
O,Q28 (4.82) 
0,046 (4 ,OO) 
rn 

0,017 (5,75) 

Ru ffed grouse ( B ~ I M c I . ~ ~  rrmbeh~s) and purple fi nch (C'urpduc~cs picrpwws) were not observed along RIF or BU F transec ts, 

but were seen on INT andior NFE transects (see table 3.3). 

- Insufficient observations for statistical cornparison (n < 6 individuels). 



Table 4.5. Regressions of bud counts for each guild and the iotai count againsr buffer 

strip width. Significant probability values (Le., P c 0.05) are printed in boldface type. 

- - -  - 

Habitat selection guild Slope htercept 2 (%) FIJJ P 

Forest generalists 0.02 1.61 2 023 0.64 1 
Interior forest 0-04 0.41 19 3.2 1 0,095 
Riparian 0.03 -0-0 1 7 1.01 0-332 
OpenlEdge 0.07 0.22 9 1.44 0.250 
Ubiquitous 0.12 -0.22 24 4.40 0.055 

Total count 0.28 1.20 35 7.4 1 0.017 



Chapter 5. Concluding discussion 

5.1 Riparian bird assemblages 

The hi& density and species richness typically attributed to riparian wildlife 

assemblages is often used to justi@ protecting riparian habitat (e.g. Naiman et al. 1993, 

LaRue et al. 1995). in this shidy, as weii as several comparable studies in coniferous and 

coniferous-deciduous mked forests, riparian bird assemblages were similar in species 

richness and abundance to those associated with interior forests. These results suggest 

that, relative to interior habitat, hi& riparian biodiversity is the exception in coniferous 

forests rather than the d e .  This should not, however, be taken as an argument against 

protecting riparian habitat. The presence of several terrestrial riparian bird species 

(spotted sandpi per, belted kingfisber, northem watenhnish, Wilson's warbler, yellow 

warbler, nisty blackbird) as well as severai species ofwater binls in the study area 

indicates that riparian habitat is important to the regionai avifauna. indeed the fact that 

bird assemblages along unnaturai edges and buffïer strïps were more species-rich and 

dense than those in undisturbed riparian habitat demonstrates the inadequacy of such 

measures of biodiversity as indicators of habitat quality, a role for which they are often 

advocated (see Magurran 1988). The validity of this concept is dependent on the 

existence of a positive correlation between habitat quality and biodiversity; such an 

association was not found in this study. 

As a conservation pcactice, this research suggests that leaving riparian buffer 

strips was successful. These 20 - 50 m wide strips were used by a relatively abundant and 



diverse Forest bird assemblage, which included species fkom a variety of habitat guilds. 

Notably, many species associated with riparian and woodland habitats were maintained in 

areas of extensive clearcutting. It appears that riparian species generaIiy restrict 

themselves to riparian vegetation, and thus wiii not increase in numbers in wider buffier 

strips. The creation of an anthropogenic edge along the length of the b a e r  strip generates 

an influx of ubiquitous and opededge species, leading to an increase in biodiversity 

compared to undistwbed shorelines. However, given the extent of hgmenraton and 

clearing in most managed forests, the conservation of nich species is generally not a great 

concern (Robbins et al. 2989% Kirk et al. 1996). 

In spite of this stated success of the 3 -5 year old buffers sarnpled, there may still 

be reasoo to consider modiwg bufTering practices. Over t he ,  high windthmw rates, 

which were evident on many b a e r  strips sampled in this study, may reduce their habitat 

value for breeding bkds (Darveau et al. 1994). Leaving wider buffers, and possibly 

conducting some thinning within them, may increase their "Me span" in areas where 

windthrow causes high annuai losses of trees along unnaturai edges, as occurs in 

Newfoundland (Robertson 1993). In this case, detemination of optimum b a e r  width. 

and possibly thinning intensity, can be achieved through modeling rates of windthrow in 

buffers against the t h e  required for adjacent clearcut forests to regenerate to a point 

where they again provide habitat for forest wildlife and shelter fiom the wind. 



5.2 Interior forest birds 

From a conservation perspective, one of the most important findings of this study 

is that interior fores species formed an important component of this b o r d  forest 

avifauna, accounting for 37 % of sightings dong interior forest transects. Concem for the 

protection of interior forest species is warranted, as populations of many, including black- 

throated green warbler and ovenbird, have declined significantly in portions of 

northeastern North America in recent years (Robbins et al. 1989b, Askins et al. 1990, 

Sauer and Droege 1992). Typically riparian buffers, which are presumably implemented 

to maintain habitat for nparian species, are viewed as inadvertently benefiting non- 

riparian species; however this assumption is unfounded (Thornpson and Welsh 1993) and 

is not supported by this study. 

The widening of buffier strips has been recornrnended in situations where ail 

species encountered in undisturbed riparian habitat are not protected. However it is 

unlikely that this strategy will result in the successfbl conservation of intenor forest birds. 

Even the 10 - 50 rn wide buffer strips sampled in this study supponed low numbers of 

these birds when compared to interior fore-, and three of six species in the guild were 

not observed in any buffer strip. Spatially, wider buffea preserve large areas of corridor 

habitat, but cannot provide interior forest conditions greater than tens of metea fiom 

edges. This could be unfavorable to interior birds as edges, small patches and hgnented 

forests often function as ecological traps with hi& nest predation rates (Gates and Gysel 

2 978, Wilcove 1985, Mdler 1988, Small and Hunter 1988, Yahner and Scott 1988. Gibbs 



199 1, Rudnicky and Hunter 1993, but see Hanski et al. 1996). One of the most freguently 

cited groups of nest predatoa are c o ~ d s  (crows and jays; Gates and Gysel 1978, 

Wilcove 1985, Yahner and Scott 1988). We found gray jays, a known nest predator 

(Madge and Bum 1994), to be more abundant dong non-riparian edges and bufEer strips 

than riparian controls. From an economic perspective, widening buffer strips would 

require setting aside a large proportion of productive woodlands from harvesting, 

particularly in Newfoundland where d a c e  water is abundant. in order to cornpensate for 

this restriction there may be a displacement of some harvesting into other areas of interior 

forest, leading to greater hgmentation of woodlands in the region. 

Limited idionnation is available regarding appropriate conservation practices for 

interior species. in a study in the middle Atlantic states, Ro bbins et al. ( 1 989a) found that 

the highea probability of detecting most forest nesting neotropical migrants dunng a 

point count occurred in patches larger than 250 ha. For ovenbud, wooded plots greater 

than 175 m wide were required in Iowa (Stauffer and Best 1980), and the probability of 

detection in the middle Atlantic states was reduced by greater than 50% in patches of less 

than 6 ha (Robbïns et al. 1989a). Freemark and Collins (1992) found that at least 50% of 

area-sensitive bird species could be detected in patches of 54 - 65 ha at study sites in 

Ontario, Missouri and Illinois. However, it should be noted that, while patches of 50 - 

250 ha may support many forest songbirds, much larger patches may be required to 

maintain species having larger home ranges. For example boreal owl (AegoIiusfunereus). 

which is associated with old age classes of balsam fir forest in the study area (Gosse. 



submitted), may occupy annd  home rages exceeding 1500 ha  (Johnsgard 1988). 

Robbins et al. (1989a) suggested that 3000 ha was the minimum size of stand that might 

be expected to retain ail forest interior bird species. 

An effective forest bird conservation strategy would incorporate current riparian 

buffers, while ensuring that some large (>> 250 ha), relatively symmetric (Le., low edge 

to area ratio) tracts of forest are maintained in areas of intensive harvesting. Valleys or 

watersheds may prove to be usefid uni& withui which to carry out such management. as 

these are typically harvested as such in the province. Given the recent concem over the 

status of interior forest birds, the inadequacy of buf5ers as habitat, and the extent of 

clearcutting in the boreal fores?, detailed information on the impacts of current 

management practices on populations of these species is needed. Until this becomes 

available, a precautionary approach in which large tracts of interior forest habitat are 

protected is necessary (see Montevecchi and Bouman 1993). 

5.3 Scope and limitations 

In interpreting the information presented here, consideration should be given to 

both the scope and limitations of the research. Findings consider habitat use by terrestrial 

birds in a balsam fir dominated ecosystem during the breeding season. Caution must be 

exercised when extending these fmdings to other forest types, regions or seasons. The use 

of relative abundance as an indicator of habitat quality may be misleading in some cases. 

For example, though numbers of a species may be hi& dong edges, nest predation may 



be so kquent that edge habitats act as population sinks or ecologicai traps (see Gates and 

Gysel1978, Wilcove 1985, Sm& and Hunter 1988, Yahner and Scott 1988, Rudnicky 

and Hunter 1993). The gmuping of species hto guiids has also ken d c i z e d  in past, as 

species within a guild may not exhibit a common response to a treatment (Mannan et al. 

1984). However this should not be interpreted as a failure of the guild based approach. 

Rather, it indicates that the trait used to define the guild (e.g., foraging behaviour, diet. 

etc.) does not predispose species to a certain response (Le. no common effect). Also. it 

should not be assumed that rare species necessarily respond similarly to other guild 

members. There is aiways the possibility that a mal1 sample size (as with many of the 

less commonly observed species in this study) may lead to a failure to detect an effect on 

a species. indeed some woodland species known to be present in the study area (e.g.. 

three-toed woodpecker, Picoides tridactylus) were not observed during any survey. 

5.4 Summary 

If Newfoundland forest managers set aside riphan b&er strips in order to 

maintain habitat for riparian species, then the current practice may be successful. 

However, buf5er strips do not provide suitable habitat for interior forest birds, which are 

currently experiencing a widespread declïne in much of North Amenca Other wiidlife. 

such as the endangered Newfoundland subspecies of American pine marten (Martes 

americanu airutu), may also suffer fiom forest hgmentation. Research conducted in the 

Corner Brook area has found that individual pine marten require intact stands of old 



growth balsam tir exceeding 15 ha (Bissonette et al. 199 1 ). Consequently, there is a need 

to ensure that, in addition to bufFer strips, large tracts of conthuous forest (not bisected 

by access roads etc.) are maintained in watersheds where extensive harvesting is 

occurring. It is clear that separate complementary strategîes are required for the 

conservation of riparian and ïntenor forest wildlife. 



Literature cited 

Adams, D.C. and Anthony, C.D. 1996. Using randomization techniques to arialyze 

behavioural data, Anim. Behav. 51 : 733-73 8. 

American Omithologists Union 1983. Check Iist of North American birds: the species of 

buds of North America fiom the Arctic through Panama, including the West 

indies and Hawaiian Islands. 6th ed. Allen Press, Lawrence, Kans.. 

Askins, RA., Lynch, J.F. and Greenberg, R 1990. Population declines in migratory buds 

in eastern North America. Curr. Ocnitho[. 7 1 -57. 

Barton D.R., Taylor, W.D. and Biette, R.M. 1985. Dimensions of riparian buffet strips 

required to maintain trout habitat in southem Ontario streams. North Am. J. Fish. 

Manage. 5: 364-378. 

Bibby. C.I., Burgess, N.D. and Hill, D.A. 1992. Bird census techniques. Academic Press, 

Toronto. 

Bissonette, LA., Fredrickson, R.J. and Tucker, B.J. 199 1. Arnerican marten: a case for 

landscape-level management. In Wildlife and habitats in managed landscapes 

Edited by LE. Rodiek and E.G. Bolen. Island Press, Washington. D.C.. pp 1 15- 

134. 



Canadian Forest SeMce 1993. The state of Canada's fores& 1993 : fourth rppoa to 

Parliament. Ottawa 

Crowley, PH. 1992. Resampling methods for computation intensive data analysis in 

ecology and evolution. Ann. Rev. Ecol. System. 23: 405-447. 

Damman, A. W.H. 1983. An ecological subdivision of the island of Newfoundland. In 

Biogeography and ecology of the island of Newfoundland. Ediled by G. R. South. 

Junk Publishers, The Hague- pp. 163-206. 

Darveau, M., Huot, J., Bélanger, L. and Ruel, J.C. 1994. Mid-tenn effects of windfall on 

bird use of riparian forest strips. Proc. int. Union Game Biol. 21: 104-109. 

Darveau, M., Beauchesne, P., Bélanger, L., Huof J. and L a u e ,  P. 1995. Riparian forest 

strips as habitat for breeding birds in boreal forest. J. Wildl. Manage. 59: 67-78. 

Day, R W. and Quinn, G.P. 1989. Cornparisons of treatments d e r  an analysis of variance 

in ecology. Ecol. Monogr. 59: 433-463. 

DeGraff. R.M., Witman, G.M., Lanier, J.W., Hill, B.J. and Keniston, J.M. 1980. Forest 

habitat for birds of the northeast. USDA For. Serv.. Washington, D.C.. 



Derleth, E.L., McAuley, D.G. and Dwyer, T.J. 198% AMan community response to small- 

scale habitat disturbance in Maine. Cm. J. Zool. 67: 385-390. 

Erskine, A.J. 1977. Birds in boreal Canada Can. Wildi. Serv. CW 65-8/41. 

Flight, G.R. and Peters, R.D. 1992.20 year forestry development plan: 1990-2009. 

Newfodand Forest Service, Corner Brook. 

Freemark, K. and Collins, B. 1992. Landscape ecology of birds breeding in temperate 

forest hgments. In Ecology and conservation of neotropical migrant landbirds. 

Edited by LM. Hagan and D. W. Johnston. Smithsonian Inst. Press, Washington. 

pp. 443454. 

Gates, J.E. and Gysel, L.W. 1978. AMan nest dispersion and fledging success in field- 

forest ecotones. Ecology 59: 87 1-883. 

Gates. J.E. and Giffen, N.R. 199 1. Neotropical migrant birds and edge effects at a forest- 

Stream ecotone. Wilson Bull. 103: 204-2 1 7. 

Gibbs. J.P. 1 99 1. Avian nest predation in tropical wet Forest: an experimental study. 

Oikos 60: 155- 16 1. 



Gleason, HA. and Cronquist, A. 1991. Manual of vascular plants of northeastem United 

States and adjacent Canada. 2nd ed. New York Botanical Garden. 

Godney, W.E. 1966. The birds of Canada. Natl. Mus. Cm. Bull. No. 203. 

Gosse, I. W.. Submitted. Distribution and relative abundance of buds of prey in western 

Newfoundland. MSc. thesis, Mernorial University of Newfoundland, St. John's. 

Haché, D. 1996. Breeding bird surveys. In The Hayward Brook wateahed study: interim 

report (1993 - 1995). Edited by G.R. Parker, A. Chaisson and H. Krause. Can. 

Wildl. Serv., Sackville, NB, pp. 6-37. 

Hair, ID., Hepp, G.T.. Luckett, L.M., Reese, KP. and Woodward, D.K. 1978. Beaver 

pond ecosystems and their relationships to multi-use naturai resource 

management. In Strategies for protection and management of floodplain wetlands 

and other riparian ecosystems. Edited by R.R. Johnson and J.F. McCormick. 

USDA For. Sem. Gen. Tech. Rep. WO-12. pp 80-92. 

Hanski, M., Fenske, T.J. and Nierni, G.J. 1996. Lack of edge effect in nesting success of 

breeding birds in managed forest landscapes. Auk 113: 578-585. 



Hansson, L. 1 983. Bird nurnbers across edges between mature coder  forest and clearcuts 

in centrai Sweden. Omis Scand, 14: 97-103. 

Hooper, S.T. 1989. Widlifie and riparian zones in Maine: a review. In Forest and wildlife 

management in New Engiand - what can we afTord? Edited by RD. Briggs, WB. 

Krohn, LG. Trial, W.D. Ostrofsky and DB. Fields. Maine Ag. Exp. Stat Misc. 

Rep. No. 336, Orono. pp 171-1 77. 

Hooper, S.T. 199 1. Distribution of songbirds in riparian forests of central Maine. M.Sc. 

thesis, University of Maine, Orono. 

Hubbard. J.P. 1 977. importance of riparian ecosystems: biotic considerations. In 

Importance, preservation and management of riparian habitat: a symposium. 

Edited &y R.R Johnson and D.A. Jones. USDA For. Serv. Gen. Tech. Rep. RM- 

43. pp 14-18. 

Johnsgard, P.A. 1988. North Amencan owls: biology and naturai history. Srnibonian 

Inst. Press, Washington. 

Johnson, R.R. and Haight, L.T. 1985. Avian use of xeroriparian ecosystems in North 

Arnerican Warm Deserts. In Riparian ecosystems and their management: 

reconciling contlicting uses. Ediied by R.R. Johnson, C.D. Ziebell, D.R. Patton. 



PI. Ffolliott and RH. Hamre. USDA For. Serv. Gen. Tech. Rep. RM-120. pp 

156-160. 

Johnson, R.R. and C.H. Lowe 1985. On the development of riparian ecology. In Riparian 

ecosystems and their management: reconciling conflicting uses. Edited by R.R. 

Johnson, C.D. Ziebell, D.R. Patton, P.F. Ffolliott and RH. Hamre. USDA For. 

Serv. Gen. Tech. Rep. RM-120. pp. 1 12- 1 16. 

Johnson, W.N. and Brown, P. W. 1990. Avian use of a lakeshore b a e r  strip and an 

undisturbed lakeshore in Maine. North. I. Appl. For. 7: 1 14-1 17. 

Kirk, D.A., Diarnond, A.W., Hobson, K.A. aud Smith, A.R. 19%. Breeding bud 

communities of the western and northem Canadian boteal forest: relationship to 

forest type. Can. J. Zool. 74: 1749- 1 770. 

Knopf, F.L. 1985. Significance of riparian vegetation to breeding birds across an 

altitudinal cline. In Riparian ecosystems and their management: reconciling 

conflicting uses. Edited by R.R. Johnson, C.D. Ziebell, D.R. Patton, P.F. Ffolliott 

and R.H. Hamre. USDA For. Serv. Gen. Tech. Rep. RM-120. pp. 105- 1 1 1. 

Knopf. F.L. 1986. Changing landscapes and the cosmopolitism of the eastern Colorado 

avifauna. Wildl. Soc- Bull. 14: 1 32- 142. 



Knopf, F.L., Johnson, KR., Rich, T., Samson, F.B. and S z m ,  RC. 1988. Conservation 

of riparian ecosystems in the United States. Wilson Bull. 100: 272-284. 

LaRue, P., Bélanger, L. and Huot, J. 1995. Riparian edge effects on b o r d  balsam fu bird 

communities. Can. 5- For. Res. 25: 555-566. 

Leopold, A. 1933. Game management. Schribners and Sons, New York, NY. 

Magurran, A. E. 1988. Ecological diversity and its measurement. Princeton University 

Press, Princeton, New Jersey. 

Maman, R.W-, Momson, M.L. and Meslow, E.C. 1984. Comment: the use of guilds in 

forest bird management. Wildl. Soc. Bull. 12: 426-430. 

Manuwal, D.A. 1986. Characteristics of bird assemblages dong linear npian zones in 

western Montana- Murrelet 67: 10- 18. 

Madge, S. and Bum. H. 1994. Crows and jays: a guide to the crows, jays and magpies of 

the world. Chnstopher Helm London. 



McCullagh, P. and Nelder, I.A. 1989. Genexaiized linear models. 2nd ed. Chapman and 

HdI, New York. 

McGarigai, K. and McComb, W.C. 1992. Streamside versus upslope breeding bird 

communities in the central Oregon Coast Range. J. Wildl. Manage. 56: 10-23. 

Meades, WJ. and Moores, L. 1994. Forest site classification manuai: a field guide to the 

Damman forest types of Newfoundland 2nd ed. Cm. For. Serv., Forest Resource 

Development Agreement, Rep. 003. 

Msller. A.P. 1988. Nest predation and nest site choice in passerine birds in habitat 

patches of different size: a study of mamies and blackbirds. Oikos 53: 2 15-22 1. 

Montevecchi, W.A. 1993. Birds as bio-indicators in marine and terrestrial ecosystems. In 

The scientific challenge of ou .  changing envimnment. Edited by J. Hall and M. 

Wadleigh. kt. Soc. Econ. Res., Mernorial University of Newfoundland. 

Conference proceedings No. 4. pp. 60-62. 

Montvecchi, W.A. and Bouman, T. 1993. The devetoprnent of biodiversity management 

strategies in Canada's Model Forests (report of Biodiversity Working Group 

(Group 3)). Model Forest Program, Can. For. Serv. (unpubl. rep.). 



Murray, N.L. and Stader,  DI. 1995. Noogame bird use of habitat in central 

Appalachian riparian forests. 5. Wildl. Manage. 59: 78-88. 

Naiman, RJ., Décarnps, H. and Pollock, M. 1993. The role of riparian comdors in 

maintainhg regional biodiveaity. Ecol. Appl. 3: 209-2 12. 

Odum, E.P. 197 1. Fundamentals of ecology. 3 rd ed. W.B. Saunders Company, 

Philadelphia 

Parker, G.R., Kimball. D.G. and Dalzeii, B. 1994. Bird communities breeding in selected 

spruce and pine plantations in New Brunswick. Can. Field Nat. 108: 1-9. 

Parker, G.R., Chaisson, A. and Krause, H. (eds.) 1996. The Hayward Brook watenhed 

study: Interirn report (1993 - 1995). Can. Wildl. Serv., Sackville, NB. 

Ro bbins, C.S. 198 1. Bird activity levels related to weather. In Estimating nurnbea of 

terrestrial birds. Studies in Avian Biology no. 6.  Cooper Ornithological Society. 

Edired by C.J. Ralph and J.M. Scott. Allen Press, Lawrence, Kansas. pp. 30 1-3 10. 

Robbins. C.S., Bystrak. D. and Geissler, P.H. 1986. The breeding bird survey: its fint 

fifteen years, 1965-1979. US. Dep. Inter. Fish Wildl. Serv. Res. Publ. 157. 



Robbins, C S ,  Dawson, DX. and Dowell, B.A. 198%. Habitat area requirements of 

breeduig forest birds of the midde Atlantic states. Wildl. Monogr. 103: 1-34. 

Robbins, CS., Sauer, J.R., Greenberg, R and Droege, S. 1989b. Population declines in 

North Amencan birds ba t  migrate to the neotropics. Proc. Natl. Acad. Sci. 86: 

7658-7662. 

Robertson, A. 1993. Forests and climate. In Climate and weather of Newfoundland and 

Labrador. Edited by A. Robertson, S. Porter and G. Bmdie. Creative Publishea. 

St. John's. Newfoundland. pp. 76-88. 

Rudniclcy, T.C. and Hunter, M.L. 1993. Avian nest predation in clearcuts, forests and 

edges in a forest dominated landscape. J. Wildl. Manage. 57: 358-364. 

Sauer. J.R. and Droege, S. 1992. Geographic patterns in populations trends of neotropical 

migrants in North Arnerica. In Ecology and conservation of neotropicd migrant 

landbirds. Edired by J.M. Hagan and D.W. Johnston. Smithsonian Institution 

Press, Washington. pp. 26-42. 

Scruton. D.A.. Clarke, K.D.. McCarthy, J.H., Forsey, S., Whitaker, D.M., Cowm G.I. 

McT., Baggs, E.. Montevecchi, W.A., Green, LM., Bell, 1. and Moores, L.J. 



1995. The Copper Lake b d e r  zone study: project site description and gened 

study design. Can. Tech. Rep. Fish. Aquat. Sci. 2W3. 

Skirvin, A A  198 1. Effect of time of day and time of season on the numbers of 

observations and density estimates of breeding birds. In Estimahg numbers of 

terrestrial birds. Studies in Avian Biology no. 6. Cooper Omithological Society. 

Edited &y CJ. Ralph and J.M. Scott. Allen Press, Lawrence, Ka-. pp. 271-274. 

Small, M.F. and Hunter, M.L. 1988. Forest fhgmentation and avian nest predation in 

forested landscapes. Oecologia 76: 62-64. 

Small, M.F. and Hunter. M.L. 1989. Response of passerines to abrupt forest-river and 

forest-powerline edges in Maine. Wilson Bull. 101: 77-83. 

Sokal, R.R. and Rohlf, F. J. 1995. Biometry; the principles and practice of statistics in 

biological research. 3rd ed. Freeman and Company, New York. 

Spackrnan, S.C. and Hughes, J.W. 1995. Assessment of minimum stream corridor width 

for biological conservation: species richness and distribution dong mid-order 

strearns in Vermont, USA. Biol. Conserv. 71: 325-332. 



StaufEer, D.F. and Best, L.B. 1980. Habitat selection by birds of riparian comrnunities: 

evaluating effects of habitat aiteratioos. L Wildl. Manage. 44: 1 - 1 5. 

Stocek, R. 1994. The importance on riparian zones as wildlife habitat. In Proceedings of 

the symposium on riparian zone management. Edited by J. Singleton, B. Higgs, I. 

Campbell, A. Eddy and T. Murray. Cm. For. Serv. R&D Rep. 9. pp. 33-35. 

Strelke, W.K. and Dickson, J.G. 1980. Effects of forest clear-cut edge on breeding birds 

in Texas. J. Wildl. Manage. 44: 559-567. 

Szaro. R.C. and Jakle, M.D. 1985. Avian use of a desert riparian island and its adjacent 

scmb habitat. Condor 87: 5 1 1-5 19. 

Temple, S.A. 1986. Predicting impacts o f  habitat hgmentation on fores birds: a 

cornparison of two models. In Wildlife 2000: modeling habitat relationships in 

terrestrial vertebrates. Edited by I. Vemer, M.L. Momson and C.J. Ralph. 

University of Wisconsin Press, Madison. pp. 30 1-304. 

Thomas, LW., Maser, C. and Rodiek, J.E. 1979. Riparian zones. In Wildlife habitats in 

managed forests: The Blue Mountains of Oregon and Washington. Edited by J . W. 

Thomas. U. S. For. Sem Agric. Handbook No. 553. pp. 40-47. 



Thompson, ID. and Welsh, DA. 1993. integrated resource management in boreal forest 

ecosystems - impediments and solutions. For. C h u .  69: 32-39. 

Tnquet, A.M., McPeek, G.A. and McCoomb, W.C. 1990. Songbird diversity in ciearcuts 

with and without a np&an b&er strip. I. Soi1 Water Conserv. 45: 500-503. 

Welsh, D.A. 1981. Impact on bud populations of harvesting the boreal mixedwood brest. 

In Boreal mixedwood symposium. Edited by R.D. Whitney and K.M. McClain. 

Can. For. Serv. O-P-9. pp. 155-167. 

Whitaker, D.M. and Montevecc hi, W A. 1997. Breeding bird assemblages associated 

with riparian, interior forest and non-riparian edge habitats in a balsam fr 

ecosystern. Cau. J. For. Res. (in press). 

Wilcove, D.S. 1985. Nest predation in forest tracts and the decline of migratory 

songbirds. Ecology 66: 12 1 1-1 2 14. 

Yahner, R.H. and Scott, D.P. 1988. Effects of forest hgmentation on depredation of 

artincial nests. J. Wildl. Manage. 52: 158-1 6 1 .  




