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I am extremely excited about the launch of this new Special Publication Series of the Society of
Canadian Ornithologists {SCO), introduced with this first issue entitled " Biology and Conservation
of Forest Birds™. The purpose of the series 1s to allow topics of immense importance to the birds of
Canada to be addressed and reported upon to the avian science community at large. The hope is to
develop a publication process within the Society that will meet the communication needs of
Canadian ornithotogists, a form that more properly reflects our avian research and conservation
mandate, as well as providing an integrated platform for the transfer and exchange of important and
stimulating information on birds and their habitats. The special publication senes, te be issued
irregularly as special projects on specific topies or avian groups are generated and completed, 1s but
cne route of achieving our communicaticn and information dispersion goal. Others will follow,
including a new avian journal in response to the many requests from members for a more regular
science publication by the Society on the biology, conservation and management needs of Canadian
birds. Our success in this new communication function will ultimately be measured by our members
and readers, through their use of the material delivered and participation as authors, We can only
hope that this broader vision of our Society reflects the future of the avian sciences in Canada.

This project of communication began at the outset of the Seciety’s establishment in 1982, The
need to provide a mechanism for the transfer and exchange of information important to professional
ornithologists and serious amateurs in Canada was fundamental to its formation. During the past 17
years of growth, the Society has moved from the production of a timeographed general newsletter
and an annual 1-2 hour business meeting — usually held in association with a meeting of another
ornithological society outside Canada — for information exchange to a multi-day annual science
meeting in Canada and a high-end glossy printed news bulletin, Picoides. The science meetimgs have
allowed avian scientists and their students to assemble, trade ideas, and ¢xchange findings of new
researches to the benefit of all. It has also permitted us to focus on special subjects and satisfy the
need to synthesize and supplement existing information, with the hope te provide direction for
future research and management. Part of this process has revealed the clear opportunity to publish
the proceedings of special science symposia following peer-review and to ulbmately establish a
Canadian journal of avian biolcgy. The appearance of this Special Publication No. | of the Society
of Canadian Ornithology “Biology and Conservation aof Forest Birds” represents the successful
attainment of the first phase of this endeavour. I hope that, with this issue, we can prove that our
Seciety and its members are ready to put out useful and significant science publications.

What more can I say? Only that | hope that our record of moving forward from a simple
newsletter to a more sophisticated and noteworthy bulletin, on to the external publication of the
mini-symposium held by SCO in conjunction with the Wilson Ornithological Society in 1993 —
“Monitoring bird populations: the Canadian Experience” (Canadian Wildlife Service Occasional
Paper No. 935, 1997) — and now to our own Special Publication Number 1, demonstrates real and
steady progress towards our original comrmunication mission, an effort werthy of your continued

Society af Canadian Ornithologists Special Publication No. I, 1999 Biology and Conservation of Forest Birds
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interest and support. We welcome your reaction, response, and input in making our special
publications senes a grand success over both the short- and long-terms. Your comments and
sugpestions are key in shaping this special publication series.

And finally, now let me admat that I'm biased. When you launch a new initiative such as a
publication series, you expect plenty of comments, some ferocious, and hopefully some
complimentary and admiring. But [ hope you share my view, and that of my predecessor — Henri
Cuellet, who set up 2 formal publications committee during his presidency (1994-95) to assess the
feasibility of an SCO science journal — and past vice-president (1996-97} and current president,
Tony Diamend, that it is imperative for us as a national ernithological scciety to provide an
effective publication system for information en Canadian birds. I'm convinced (see my original
mission message in Picoides 9, No. 1: 1-4, 1996) that our collective opinion — and that expressed
by the membership at large when polled in 1996 — is correct. | figure the first work of any
published series is the most difficult, breaking new ground, and that those to follow will be much
easier.

I leave it to Tony Diamond, co-convener and orpanizer of our first stand-alone science
meeting, to explain the germination and rationale of the special symposium on forest birds, the
highlight of the conference proceedings and its Canadian orientation (see Introduction}. This
symposium gave rise to this volume: Special Publication Number 1 of the Society of Canadian
Omithologists. In conclusion, let me wish everyone good reading and learning, and continued
success in the attainment of the broader communication vision of the future of our Society.

David Nettleship
SCO President, 1996-97

October 1999
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Introduction to Biology and Conservation of
Forest Birds

AW. Diamond

Abstract

Events leading to the recent increase in research activity on forest birds are reviewed briefly, in the context of their
influence on the decision of the Society of Canadian Omithelogists to held its first stand-alone scientific meeting on
this topic. [ distinguish between ‘landscape’ effects on the ecology of ferest birds, in which populstions are distributed
among small patches in a hestile (non-forested) matrix and are probably influenced as much by what happens to the
land around the forest than within it; and effeets of forestry practices on birds within generally forested landseapes,
which was the focus of the meeting and of this volume. The extent to which landscape effects are important in the
demographics of birds in landscapes shll dominated by forest, is unclear, but is receiving increased interest among
researchers. A brief glossary of terms commonly used by foresters, which omithologists need to understand if they are
to understand how the birds’ habitats will respond, is included to facilitate understanding and interpretation of the
papers that follow.

Résumé

Une révision des événements menant 4 T'avgmentation de I'effort de recherche sur les oiseaux forestiers est prasentée
dans le contexte de I'influence de ces recherches sur la décision prise par la Société des Omithologues du Canada
d’organiser une premuérs réunicn autonome traitant ce sujet. Je fais la différence entre les effets du paysage et les effers
de méthades d'exploitation forestidres sur les oiseaux se trouvant i I'intérieur des régions forestidres sur 1'écologie des
oiseaux forestiers. Les populations Je ceux-ci sont distribuées parmi de petites parcelles 4 l'intérieur d*une matrice
d*habitar hosule {non-recouverte d'arbres} et sont probablement 1out autant influencées par ce qui arrive dans la régicn
avoisinante qu'a 'intérieur-méme de la forét, Les effets de méthodes dexploitation forestitres ont 618 le sujet de la
réunion sus-mentionnée et sont discutés A Uinkérieur du présent docoment. Le degeé de I'importance des effets des
différents paysages sur la démographie des ciseaux qui 5"y trouvent st incertain, surtout en ce qui concerne les paysages
toujours dominés par la forét, Cette matiére suscite présenternent 1'intérét grandissant des jeunes chercheurs. Un bref
glossaire de 1a terminologie est compris & 1'inténgur du document afin de faciliter 12 compréhension et I'interprétation
des articles qui suivent. Les ormitholegues doivent se familianser avee le language des forestiers si ils ont pour but de
comprendre comment *habitat des oiseaux forestiers réagira face 4 I'exploitation forestidre.

L T

AW, Diamand, Atlantic Cooperative Wildlife Ecology Research Network, University of New Brunswick, PO. Box
45111, Fredericton, New Brunswick, Canada E3B 6E1. (diamondfiunt ca)

The Society of Canadian Omithologists’ first stand-
alone meeting focused on forest bird issues for a
number of teasons. For many years there has been
widespread concern both at the rate at which forestry is
expanding the arca of furest cut eack year, and at
mounting evidence that populations of forest birds are

Soctery of Cunadian Ornithologises Special Publication No. !, 1499

declining. These trends lead inevitably 1o the
recognition that the future of forest birds lies largely in
the hands of those who manage their habitat, ie.,
professional foresters, Until recently there was
relatively little research or monitoring directed towards
these issues, especially among government apencies.

Bipiogy and Caonservation of Forest Birds
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Related amiety about the prospects for meotropical
migrants - many of which are also forest species - had
attracted considerable aitention in Morth America a5 a
whole {e.g., Keast and Morton 1980; Hagan ard
Johnston 1992), particularly in the United States (c.g.,
Martin and Fitich 1993), but also increasingly in
Canada (Diamond [991; Kuhnke 1993; Kik et ol
1996, 1997).

Several events in the early 1990s reflected an
increasad sense of urgency to address these issues. The
Canadian government's Green Plan enhanced the forest
ecology and non-game bird programs of the Canadian
Wildlife Service (Burpett 199%:154-155), and in 1994
the Network of Centres of Excellence program of
[ndustry Canada wwarded significant funds to bird
research within the Sustaineble Forest Management
{SFM) Network (Ademowicz 1999). The Partners in
Flight initiative in the Unitesd States was beginning to
stimulate attention 1o these ssues in Canada, including
development of a national Landbird Conservation
Strategy for Canada (Dunn 1997). As a result of these
and cther changes there has been a significant increase
in both research and conservation activities directed
towards forest birds in Canada, which the Council of
the Socicty of Canadian Ornithologists (SCO) Eelt
should be recognised and discussed at the Sceisty’s
inaugural Scientific Mestmeg,

The meeting was bheld on the campus of the
University of Wew Brunswick in Fredecicton and was
sponsored by the regional offices of the Canadisn
Forest Service and Canadian Wildlife Service. Not all
of the speakers provided manuscripts for publication,
and some commbutions were invited subsequently to
imptove the balance of the publication, which
consequently iz based on the meeting rther than being
strictly a record of its proceedings. The opening
speaker, Dr. John Hagan of Manomet Observatory in
Massachusetts, sct the stage with an absorbing
overview of some of his wotk in the industrial forests
of northern Maine. This work, which is being putdished
elsewhere (e.g., Hagan ot al. 1996, 1997) provides a
model of collabotation between researchers, industry
and foundations tc provide information of direct
interest to forest managers.

The papers in the present publication are armanged
in three groups. Since most of the littrature on
population trends of Nocth Amnetican binds refers either
to the United States or to the continent as & whaole, we
felt it was important to provide an analysic specifically
of Canadian populations. Thus, the first paper
{Derwnes and Collins) reviews current knowledpe of
population trends in forest birls in Canada, setting the

Saciety of Conadian Ornithelogists Special Publication Ne. 1, 1999
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conservation context for the following material. The
next three papers (Hobsen, Cooke, and Boulanger et
al.) focus on important methods for explering some of
the research issues relevant to forest birds. Hebson
provides an awthoritative account of exciting recemnt
developments in stable-isotope technology, ranging
widely beyond strictly forest birds to expose some of
the potential applications of this technology to birds in
general, Cocks, and Boulanger 1 al., describe some of
the innovative and cieative approaches being develeped
1o tackle some sxtremely difficult problems in studying
a threatened specics normally thought of as a seabird
but dependent on forest for nesting babitat. Their
papets describe innovative field and modeling
approaches o providing the best possible science te a
situation where forest management and bird
sonservation are frequently in conflict.

The remaining papers address the effects on birds
of specific forest practices, sither 35 reviews of a range
of existing work (Freedman and Johnson) or as results
of original research not published elsewhers (Parker et
al.; Kingsley and Nol; Doyon et al.; Falardeau et 2l).
Dawson and Bortolotti dkscribe the impacts of a large
burn on boreal forest; their paper is not only an
example of creatively seizing upon an experiment
offered by narere, but is aleo important in the context of
the long-standing debate betwesn foresters and
biologists over the extent to which clearcutting
'mimics’ the effects of natural fires.

Current research on forest bird ecology and
conservation (in Canada and elsewhere) falls into two
distinct categories. The first, which is the focus of this
publication, addresses the impact on forest birds of
specific forestry practices (clearcutting, vanous forms
of selective harvesting, etc.). This work offers
guidelines for silvicultural practices {total volume cut,
extent of thinning, spacing, rotation ape, ste] at the
spatial level of the forest stand. This is the frame of
reference within which we are used to thinking about
habitat use by birds (and other wildlife).

The other category concerns what are now widely
referred to as landscape effects, i1.e., effects of the size
and spacing of forest patches separated by non-forested
habitat Much forest bird research in the last decade
has focused on these larger-scale effects. It is perhaps
paradoxical that these features of forest bird ecology -
which have dominated research in the last few years -
apply most obviously when forestry is no longer the
dominant land use. They apply most clzarly when
forestry has gpiven way to agriculiore {or urbanization)
as the dominant land use, to the extent that suitahle
habitat for forest species iz distributed as an

Biology and Corzervation of Forest Birds
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arrangement of patches smbedded in 2 matrix of
unsuitable (e, non-forested) habitat, Cemmercial
forestry is carcly economic when this is the case, so the
problems of dispersal between patches (which probably
dominate the demographics of species in this siteation}
are in that sense due 10 not too much forestry, buot too
little. Consequensily, solutions to the problems
identified in these situations lie more in the realm of
land-use policy than of silvicultural practices.

Research on effects of landscape strocture on
forest birds began sufficiently recently in Canada that
results ate omly recently beginning to be published
(e, Villard et al. 1995, 1999 Schmiegelow et al.
1997: Drolet et al, 1999; Friesen et al. 19599; Potvin et
al. 1999). The extent to which such effects are
important to birds living in landscapes still dominated
by forest cover - especially by comparison with effects
of stand-level sibvicultural practices - is stll unclear.
Andrén (1994) supggested that landscape effects
become important when forest cover drops below about
30% of the landscape, but the application of this figure
to Canadian forest birds needs 1o be assessed (for a
recent discussion see Dirolet et al, 1994). In the interests
of maintaining a clear focus on interactions between
birds and fersst management, we do not address
landscape issues directly in this volume.

This publication includes material from across the
country, but for various reasons does not reflect the full
range of forest bird research being carried out in
Canada. Part of the reason lies in the very fact of the
recent dramatic increase in activity; some very exciting
projects, including those under the umbrella of the
SFM Network, were still in progress when this project
was conceived and are being published elsewhere or
still in progress. For short accounts or previews of
much of this work see particularly papers by Hannon,
Darveau, Bélanger, Drapeau, Villard, and McKinlcy, in
Veernan £1 al. (1999

One of the less meeopnised but [ believe very
significant, prablems that anses when biologists and
foresters try to communicate, is the difference in the
technical vocabulanies they use. In the interests of
trying to improve this siluation, and of helping readers
of this volume to make the most of the information It
offers, I provide below a short glossary of some of the
more common terms used by foresters, especially those
most relevant to habitat issues.

Terminology

The following papers use a numiber of terms familiat ko
foresters, but unfamiliar te (2nd ofen misunderstood
by) many orithologists. In compiling this glossary, |

Society af Canadian Ornithologists Special Publication No. I, 1999
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have drawn heavily on  Smith {1986), Thompson et al.
(1995), and especially Seymour and Hunter (1999}
Mot all the terms discussed here necessanly appear in
the papers that follow, but they are included in the
nterests of completeness.

Stands, forests, and landscapes
Stands are ‘patches of forest that are reasonably
homogeneous in terms of species compesition, age and
density” (Seymour and Hunter 1999); or ‘contipucus
groups of trees sufficiently uniform in species
composition and strucnire o serve as a management
unit” (Thompson at al. 19%5). They correspond
generally to the polygons drawn by phote-interpreters
on the forest cover-type maps that foresters commonly
uze to illustrate harvest plans.

Commercial forests are managed at a larger spatial
scale incorporating ‘a collection of stands administered
as an integrated unit” (Smith 1986), often referred to as
a Forest Management Avea (FMA), but usually sub-
divided into smaller spatial units {compartments)
comprising groups of stands {Thompson et ab. 1995).
The ecological equivalent of thit larger spatial seale is
the landscape, the "arrays of forest stands, grasslands,
wetlands, and 50 on that form heterogeneous mosaics
actss the land' (Forman 1995).

Harvesting methods - clearcuts,
shelterwoods, and partial cuts
Silvicolture refers to the suite of activities carried ot
in a stand to control establishment, composition,
structare and growth of the trees. These activities, often
referred 10 generally as inderventions, comprise a
silvicultural systern or program of management for the
entire rotation of a stand, where rotation refers to the
tme between successive harvests, The silvicultural
system defines how and when trees are cut, how new
trees are grown, and whether the resulting stand will be
even-aged or uneven-aged.

In even-aged stands {of which the most familiar
example i1s a plantation}, there are only one or two age-
classes i the stand, whereas uneven-aged stands
contain three or more age-classes. Even-aged forests
are created or maintained by clearcutding (in which all
or Tnost teess are removed at the same time, sometimes
leaving a few *seed trees” to help regenerate the stand),
or by the shelterwood method in which trees are
removed in & senes of partial cuts (or passes)
separated by several years, allowing seedlings to
regenerate under the protection of a partial overstory
befors the final cut (see the paper by Kingsley and Nol
for an exampie in Ontatio). There are several vanants

Biology and Conservation of Forest Birds
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on these methods, including patch cutting  which s
clearcutting on a very small spabial scale {i.e,, a hectare
or so), compared with the tens, hundreds or (rarely
nowadays) thousands of hectares of a clearcut; and
sirip cutting, in which parial cuts are arranged in
linear sirips.

Uneven-aged forests (normally preferred by binds,
or at least by ornithologists) are maintained by
selection harvesting of some sort; single-tree
selection, i which individual trees are removed, or
group selection in which they are removed in small
groups. Early exploitation of forests in Canada (by men
and horscs rather than machines) usuvally imvelved
selection of individual trees of high market value, and
15 ofien referred to deropatively as ‘hlgh-grading’.
Biclogists tend to regard this form of forestry as
ecologically benign, but because it was highly selective
of both size and species it had effects which are often
subtle but may be very significant. For example, the
selective remonval of red spouce Picea rwbens from
Acadian foresiz im the northeastern United 3tates and
Maritime Canada has helped to convert a mixed forest
of spruce and long-lived hardwoods into one
dominated by short-lived batsam fir Abies balsamea,
red maple Acer rubewm and aspens Popwfus spp.
(Seymour and Hunter 199%). The process of
conversion of one type of forest into another, which is
ong of the most ecologically significant effects of forest
harvesting, is widespread, but insidious because it takes
place over tirme scales long enoupgh 1o cscape notice by
all but the longest-lived observers.

Natural disturbances
The term “natural disturbance’ recognises that most
forests, far from remaining undisturbed until human
beings appeared (a5 somc biologists seem shll to
believe), owe their charactenistics to natural "disasters’
such as firg, disease, defoliation by insect pests, ice-
storms or wind storms, which have visited all Canadian
forests since the glaciers retreated, at intervals which
vary by geopraphy, soils, climate and forest type.
Boreal forest, for example, is widely recognised as a
fire-induced ecosystern (Hunier 1993} Current
forestry not onrly imposes its own ‘un-natural’
disturhance paiterns on the forest, but strives w
suppress the natural disturbance patterns; these efforts
are, at the national level, generally unsuccessful, since
in most years the volume of forest in Canada burnt or
defoliated by insects reaches aboul 70% of the volume
harvested (Canadian Council of Forest Ministers
1994),

J.andscapes subject to even-aged manapement
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comprise forest stands with an age-class distribution
that usually differs from that of unharvested forests, or
those subject to uneven-aged management, The
distribution of age-classes, and the frequency of
cutting, both depend on the rotation length: in a 100-
year rotation, for example, sbout 10% of the area would
be in ‘regenerating’ age-classes (stands 1-10 years old).
This proportion will differ from that of the unmanaged
farest to the cxtent that the rotation age differs from the
frequency of natural disturbances; if, for cxample, the
forest is historically swept by fire or insect pests every
1) years, the age-class distribution would be similae in
the two forests,

In most Canadian forests, rotation ages are much
shorter than the periedicity of natural disturbances, so
not only are the age-class distributions different in
managed forests, but  probably much more impontan,
stands older than rotation age disappear from the
managed portion of the landscape, This explains the
demand by biclogists for old forests to be set aside as

. protected areas, or for forests to be managed to more

closely emulate natural disturbance patterns
{Adamowicz 1999, Scymour and Hunter 1999; 28323,
It is salutary that 20-90% of forest harvesting in
Canada i5 still implemnented by clearcutting and ‘old
growth is still the favoured target of harvest operations’
(Hebert 1999).

Two different tpes of natural disturbance are
generally recognised, differing in the sparial scale over
which they operate and therefore in the nature of their
effects on the forest. Stand-replacing disturbances,
such as fire and windthrow, kill ail or most of the
overstory (the tallest trees) and affect whole stands or
groups of stands at one, whereas gap-replacing
disturbances usually mmvolve the death of individual
rees {Woodley and Forbes 1997). The prevalence of
tach disturbance pattern determines to a large extent
the type of forest, and, under the ‘natural disturbance
paradigm’ (Adamowicz 1999 of forest managemeni,
should alse drive the silvicultural system (Humter
1993).

Silvicultural practices

Silviculmural practices (as distinct from silvigultural
systerns, above) are the interventions undertaken o
speed regeneration of the desired Iree specics {eg
planting, sile-preparation including slash-removal,
burning, and scarification [mechanical removal or
mixing of the organic mater with the mineral soil]);
and these cartied out 1o increase tree growth by frecing
thern from competition {release cetting ot thinning).
Thinning is often referred to as ‘pre-commercial’ ot
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‘commercial* according to whether or not the saplings
rerneved can be sold.

Forest types

Finally, the distinction is ofien made between tolerant
and intolerant tree species or forest types. The
‘tolerance’ referred to in these terms is the tolerance of
the regenerating sapling to shade; tolerant species grow
in shade, i.e. beneath a forest canopy {and so will not
grow in clearcuts), whereas intolerant species (such as
paper birck Betwla papyrifera, aspens, eto.} will
tegenerate in  unshaded conditions and are
consequently the first to recolonise clearcuts,

These notes are offered in the hope that 2 common
understanding of terminclogy should clanify issues
and allow better appreciation of the interpretation and
intent of the papers that follow:
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Population trends of woodland and scrubland
birds from the
Canadian Breeding Bird Survey,
1966-94

C.M. Downes and B.T. Collins

Abstract

Drata from the North American Breeding Bird Survey {BBS) can be used to determine long-term population trends in
terrestrial birds at regional, national and continental scales. In this paper, data from the Canadian Breeding Bird
Survey are used to examine population trends in woodland and scrub/successional birds. Population trend estimates
are caleulated for Canada everall, and for each of 7 biogeegraphical regions over the perieds 1966-84, 1966-79, 1950-
94 and 1992-24. The proportion of individual species increasing or decreasing was also calculated. Long-term trends
{1966-1994) for Canada indicate that woedland birds as a group are not declining, although annual indices showed
high year-to-year vanation. Several individual specics showed long-term declines, yet 60% of the species showed
increasing population trends in Canada during the period 1966-1994. There is evidence of more decreases in total
woodland bird numbers after 1980, Declines in scrub/successional species wete detected between 1966 and 1994 in
Canada coverall, and in the Atlantic Maritime and Boreal Shield regions. Trends for both woodland and
scrubisuccessional birds vary widely among biogeographic regions. These results can be compared with trends in the
Unibed States to determine the relative status of breeding birds in Canada.

Résumé

Les données du relevé des oiseaux nicheurs de ' Amérique du Nerd (RON) peuvent étre utilisées pour déterminer les
tendances A long terme des populations d’oseaux terrestres aux échelles régionale, natiohale ot continentale. Dans ce
papier, Jes données du RON sont utiliséés pour examiner les tendances des populations d’ciseaux forestiers et
buissonniers (de foréts de succession). Les tendances sont calculées pour le Canada entier, et pour chacune des 7 régions
biogéographiques pour les périodes 1966-04, 1966-75, 1980-94 &1 1993-94, La proportion d’espéces avee des tendances
positives ou négatives a £te calculze. Les tendances 4 long terme (1966-%4) pour le Canada indiquent que les ciseaux
forestiers comme groupe ne sont pas en déclin quoique les indices annuels révélent de fortes vanations d'année en
année. Quoique plusieurs espéces aient déchimé depuis les années 60, 60% des espéces ont augmenté durant la méme
période (1966-94) au Canada. Certaines évidences indiquent un déclin pour plusieurs espioes forestizres aprés 1980,
Des déclins dans les espéces buissonniéres/de succession furent détectées entre 1966 et 1994 3 1"4chelle du Canada de
méme que dans les régions des Maritimes et du bouclicr boréal. Les tendances pour les csptocs forestidres et
huissonnigres variaient beaucoup entre les régions biogéographiques. Ces résultats peuvent &tre comparés avec les
tendances aux Etats-Unis pour déterminer le starut relatif des cspeces michant au Canada.

C.M. Downes and B.T. Collins, National Wildlife Research Centre, Canadian Wildlife Service, 100 Gamelin Blvd,,
Hull, Québec, Canada K1A OH3. {connic downesi@er grra)
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Introduction

The North American Breeding Bird Survey (BBS)
provides data on population changes in terrestrial birds
at regional, national and continental scales (Peterjohn
and Saver 1994). The BBS began in 1966 in the
eastern United States and maritime Canada and has
since expanded throughout the Urited States and
Canada including Alaska, Yukon and a few surveys in
the Morthwest Territories. For most landbirds, the BBS
is the only source of long-term data on population
change that extends threughout the continent. The
BES iz jointly co-ordinated by the U.5. Geological
Survey, Patuxent Wildlife Research Center and the
Wational Wildlife Research Centre, Canadian Wildbife
Service {CWS).

Several authors have examined tremnds among
habitat or migratory proups and time periods for
landbirds and analyses have been conducted using data
from the Morth American Breeding Bird Survey for
physiegraphic regions 2nd the continent {e.g., Robbins
et al. 1989; Johnston and Hagan 1992; Asking 1993;
Bihning-Gaese ¢1 al. 1953, Peterjohn and Sauer 1994,
Peterjohn et al, 1994, 1996; Saver ot al. 1996). These
papers have generated much concern and discussion
about the starus of landbirds in Merth Amerca and the
causes of population change.

RBobbins et al. {198%) examined populations of
neotrapical migrants in the eastern United States,
many of which are woodland birds, and found more
declines between 1978 and 1987 a5 compared with
1966-78. More recent analyses of BBS data across the
continent (Peterjohn et al. 1994, 1996} indicate that
although fewer species were increasing than
decreasing over the course of the BBS in the Eastern
and Central regions of the continent, more Meotropical
migrant species increased during the 19905 than the
long-term trends (1966-95) in those regions. Long-
term trends {1966-95) for Neotropical migrants in the
Western region of the continent showed mote species
increasing than decreasing {Peterjohn et al. 1996
Peterjohn et al. {1996} sugpest these recent results are
more positive for Meotropical migrants than the
declines reported in the late 1980s (Robbins et al.
198%), but do not yet indicate a long-tetm reversal of
these declines.

Population trends have also been examined for
birds grouped by habitat type (i.¢., woodland
scrubland/successional) as well as migraiory habits,
Sauer and Droege (1992) reported that while
populations of Meotropical migrants gensrally
increased over the long-term of the BBS survey
(berween 1966 and 1938}, they showed declines after
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1978, especially for eastern forest  and central
scrub/successional species. Peterjohm and Sauer
{1994) found a similar increase in the proportion of
decreasing woodland species between 1982 and 1991,
More woodland species were increasing than
decreasing over the long-term [ 1966-953) in the eastern
and western regions of Morth America and across the
continent {Peterjohn et al. 1996} Recent short-term
trends for woodiand birds during the 1990z were
variable among regions {Peterjohn et al. 1994, 1994).
Peterjohn et al. (1995} also examined BBS trends in
wordland birds between 1966-7% and 19806-91.
Dunng the early period more woodland birds
increased than decreased in the castern Morth America
and continent-wide analyses. [n the later penod,
decreasing speeies outmumbered increasing species in
the Eastern region and no other region had
significantly maore increasing species. In comparison
to other habitat groups there was a higher proportion
of woodland birds showing increasing trends than in
the gragsland or scrubfsucesssional groups (Peterjohn
and Sauer 1994} over 30 years of the BBS {1966 w
1995).

Long-term  trends  {1966-95) for secruby
successional birds showed more species decreasing
than increasing in eastern and central regions of North
America and across the continent as a whole, Recent
shert-term trends for scrubland birds in the 19905 were
variable from year to year {Peterjohn et al. 1934,
1996). During the early years of the BBS { 1966-79},
more scrub/successional birds were increasing than
decreasing in eastern and western Morth America and
continent-wide regions. [n the later years (1980-91},
more species were increasing in western Morth
America while other regions showed no significant
differences (Peterjohn et al. 1995). Other authors have
shown declines in various individual species of
scrubysuccessional birds. Using data from the BRS,
banding and migration counts from castern Morth
Amenrica, Askins {1993} reported that the majonty of
scrub/successional spectes were showing dechining
populations between 19605 and 1980s. Hagan {1993)
showed consistent, lomg-term declines (5-10% per
year) in eastern Uniled States populations of Rufous-
sided Towhees (st Appendix | for scientific names).

The causes for these changes in population trends
are still uncertatn but include habitat loss and
fragmentation (Whitcomb et al. 1981; Askins and
Philbrick 1987, Wilcove 1985, Terborgh 1989),
parasitism (Brittingham and Temple 1%83) and
predation (Wilcove 1985; Bihning-Gaese et al. 1993),
Some authors have suggested that forest birds may be
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exhibiting cyclic changes in populations, rather than
long-term dechmes {Asking 1993), that may be
sssociated with spruce budwomm outbreaks and cold
winters {(Hussell et al. 1992). Saverct al. (1994) found
that weather influenced populations of short-distance
migrants during the mid-1%70s. Declimng eastetn
populations of shrubland birds may be responding to
habitzat loss throuph the reversion of early-successional
to more forested habitat and more intensive
agricultural practices that reduce old-field habitat
fAskins 1993; Hagan 1993).

In this paper we use data from the Capadian BES
te examine regional and national population trends for
woodland and scrubland birds between 1966 and 1994,
These rtesults for Canada and Canadian ecozones
illustrate the variation in trends among regicns and can
be compared with United States results to determine
the relative status of breeding birds in Canada,

Ercad-scate monitoring of bird populations, such
as the BES, will help in the detection of environmental
changes not observable at smaller geographical scales.
Teends in species characteristic of particular habitals
may be used to assess those habitat types. We hope
such information will be useful in establishing national
and regional conservation objectives for bivds.

Methods

The BBS is run each year during the peak of the
breeding season. In Canada, volunteers are
encouraged to carry out their surveys after | June {or
for the boreal regions after 5 June) and before 7 July.
Surveys ate made along designated “routes” located
on all-weather, secondary roads. The starting point and
starting direction of routes are selected randomly in
order to sample a range of habitats representative of
the tegion. Participants arc encouraged to run theit
routcs for a5 many consecutive years as possible in
order to reduce the effects of observer variahility on
data analysis (Collins and Wendt 198%; Sauer ct al.
1994),

Routes consist of S0 stops spaced 0.8 km apant
along a 3%4-km stretch of sccondary roads
Participants run their route once a year starting a half
hour before dawn. The total number of individual birds
heard or scen within ¢4 km of each stop during a 3-
mitiute observation period is recorded by participants.
Data on starting 2nd finizhing time, and weather
conditions, are also recorded. Canadian volunteers
submit data forms to the National Wildlife Research
Centre, Canadian Wildlife Service, where data are
checked for errors, trends are apalysed, and the
Canadian EBS databasze is maintained. Canadian data
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are alse forwarded to the US. Geolopical Survey,
Pamuxtent Wildlife Research Center for inclusion in the
North Amenican BBS databasze,

Birds were classified into two habitat groups,
worddtand and serubland / successional, aceording to
Peteriohn et al. (1994} {zee Appendix 1), Group trends
were estimated for species designated as forest and
scrubland / successional birds using a linear route-
regression method described by Geissler and Noon
{1981y, bt with some modifications (Downes and
Collins 1996). Analyses for each group were based on
the total pumber of individuals of all birds within the
two habitat groups recorded along each route,

For a more detailed deseription of BBS
methodology and statistical analyses, see Downes and
Collins (1996}, Annual indices of population trend are
an estimate of the mean count of individuals that
would be recorded on a route if all routes were run
each year urder comparable conditions.  Anouoal
indices were calculated as the sum of the predicted
count under average conditions and the average annual
residual. Thesge indices allow an examination of the
annual vanability within the long-term trend for a
group. The proportion of species increasing and
decreasing in each habitat type was also caleulated. In
contrast to the calculation for group population trends,
the proportion of species increasing or decreasing was
calculated using the individual species trends for all
species within each habitat proup. Individual species
trends were estimated only for those species for which
there was considered sufficient data 1o calculate a
population trend (Dowmes and Collins 1996)
Therefore, the number of species with imdividual
trends psed in the caleulation of propertions is smaller
than that used in the group analyses of population
trend. Species with trend equal to zero are rare and
were excluded from the analysis.

Here we calculate short- and long-term trends for
seven biopeopraphical areas or “eecozones™ {Ecological
Stratification Working Crroup 1995): Boreal Shisld
Atlantic Mantime, Mixed Woed Plain, Boreal Plain,
Montane Cordillera, Pacific Maritime and Praine, and
for Canada overall (see Figure 1). Trends are reported
for 4 tme perods: beginmng of survey to 1994,
beginning of survey to 1979, 1980-94, and 1993-94.
The first year of the analyses was determined by the
availability of data for that ecozone. Although there are
approximately 15 active BBS roules in the Boreal
Cordilters, those routes were not run consistently unhil
the early 1980z and trends are not reporded for that
BCOZONE.
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Figure 1. Annual indices of woodland bird abundance in Canada.
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Results and Discussion

In 1994, 377 BBS routes were run in Canada by
appraximately 292 volunteers. Coverage is highest in
the sputhern part of Canada close to areas of high
hurnan population and a good road network, In the
northern parts of the provinces, the termtories and
Newfoundland, coverape is less regular or non-
existent. [n particular, in the Boreal Shield ecozone
the majority of routes are located in the southemn part
of boreal Ontario and Quebec, and trends may
thetefore not reflect the entice ¢cozome.  Coverage is
also sparse in the northern section of the Pacific
Maritime ecorone,

The division of trends into time periods in this
paper is arbitrary and is intended to ajlow am
examination of the persistence of trends over the entire
pericd of the survey. The route-regression technigque
asswmes a linear change in population (Table 13, The
graphs of annual indices (Figure 1} illustrate the non-
linear, year-by-year changes in direction of the trends
over the survey peniod. When comparing trends amang
regioms it should be noted that species composition
and abundance varies (i.e, not all members of each
habitat group will be present or in the same numbers
in all regions). The number of specics in each group
in gach ecozone and in Canada is listed in Table 1
(1966-1994). These sample sizes do not vary widely
among regicns.  However, the mumber of individual
records for each species in a particular habitat group
will vary ameng regions and may he another source of
vanation in the trends.

Because there are many ways in which species can
be grouped and because group analyses mask chanpes
at the individual species level, examining population
changes for species groupings should be viewed as
only a first siep in understanding how bird populations
are changing. Although this paper does not examine
individual species trends, we present the proportion of
species showing increasing and decreasing population
trends (Table 2) within each habitat type in Canada,
We also include the group trend as an indication of
whether the average annual trend estimate (Table 1) for
the group is driven by a small number of species or
whether it reflects the majority of species within the
group. However, trends for individual species have
also been caleulated (Peterjohm et al. 1994; Downes
and Collins 1994) and should ke taken into account
when assessing the need for conservation action

Woodland

COver the entire penod of the survey (1966-04),
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woodland birds as & group showed few statistically
significant trends (Table 13, Only the Prairiz ecozone
showed & significant increase in total woodland bird
numbers {p=0.{24); the Mixed Wood Plaip had a
positive trend approaching significanes (p=0.061).
During the early part of the survey (pre-1980)
increasing trends {p<0.05) were detected in 4 ecozones
and for Canada as a whole. These increases contrast
with the 1980-94 perod in which no significant
positive trends were detected. Dunng this latter
pericd, 4 ecozones had negative population trends
although only the Atlantic Maritime trend approached
statistical significance (p=0.051),

For the woodland proup, the proportion of
increasing species was significantly higher than the
proportion of decreasing species in Canads overall
over the period 196694 (Figure 1). However, the
percentage of decreasing species rose from 329
nationally to 56% between 1966-79 and 1980-24, The
annual indices for the woodland grovup in Canada
overall are variable from year-to-year, but the general
pattern does not indicate z large change between the
1960s and the 19905, Annual indices for the Mixed
Wood Plain, Boreal Plain and, less so, in the Poine
show increasing populations in the |980s, The
strongest pattern of decrease occured in the Pacific
Matitime from the late 1970s onwards, a less
pronounced pattern of decline is indicated in the
Atlantic Martime from the mid-1980s onwards.
Annual indicts for the Boreal Shicld were relatively
stable or shghtly increasing, In the Montans
Cordillera the indices ate highly varable, but show
little change in the everall population over the course
of the survey. The larger fluctuations during the first
few years of the survey in many of the regions arc
likely attnbutable to small sample sizes in those years.
{In 1966 and 1957, 34 and 66 routes were run,
respectively, and all were located in eastern Canada as
eompared with the 387 routes run in 1994 and located
througheut Canada in all provinces and territonies.)

Our results show that, over the course of the
survey, woodland birds as a group ate not declining,
However, there is evidence of more decreases in total
woadland bird numbers after 1980. Trends for
individua] woodland specics varied (Downes and
Collins 1996). Several woodland species showed long-
term declines in population throughout much of their
range in Canada (e.g, Ruffed Grouse, Black-billed
Cuckoo, Boreal Chickadee, Eastern Wood-Pewee,
Ohve-sided Flycatcher, Purple Finch,) while others
declined in ene or more regions (c.g., Northern
Flicker, Mixed Wood Plain; PFine Siskin, Pacific
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Table 1. Summary of trends from the Canadian Bresding Bird Survey for woodland and scrubland/successional
birds during 3 time periods, "ns” indicates p>0.05. “N" indicates the number of species in each group for the
[$66(68)-94 period.

ulid 1966{68)-04" 1966{68)-T9" 1950-94
Area Trend P N Trend P Trend |

Woodland
Canada .2 ns (LHE 2 1] -0.02 ns
Boreal Shield 0.2 ns 75 1.4 ns 0 ns
Atlantic Maritime 0 ne 68 1.8 0.016 -1.2 0.051
Mixedwood Plain 1.4 0.061 73 0.3 ns 2 ng
Boreal Plain 1.6 ns g1 7.6 0.1 -0.2 ns
Prairie 1.9 0.024 52 49 <(,001 0.1 ns
Pacific Maritime .9 ns 51 4 {.042 .9 ns
Muontane Cordillera 0.3 ns 75 0.6 na 0.3 ns

Serubland/saccessional
Canada 0.5 0.029 &4 0.4 ns 0.2 ns
Boreal Shield 0.7 0.067 27 14 ns -0.3 ns
Atlantic Maritime -1.3 0.013 21 -1.1 0.0H -1.1 ns
Mizedwood Plain 0.3 ns 27 22 D.043 1] ns
Boreal Plain 0.3 ns 27 0.7 ns ol ns
Praitie 0.5 0.089 25 0.3 ns 1.5 0
Pacific Mariime -1.1 Ns 21 1.3 ns .3
Montane Cordillera 1.7 ¥ 25 G4 ns 24 <0001

* In 1966 BBS routes were ran only in the Atlantic Maritimes; by 1968 routes wete run in all provinees,

Tahle 2. Proportion of species showing increasing and decressing population trends in Canada, grouped by
habitat. Proportions are listed for all species for which trends could be calculated and for th ose species with
trends significant at p<0.15.  * indicales a significant difference from a 50:50 ratio,

Habitat Gronp % Increasing %% Decreasing N
Time Al Sigwificant all Significant All Significant
Period Trends Trends Trends Trends Trends Trends
Wondland
1966-94 5%% 50% 41% 50°% 66 22
1966-79 6RO ™ &1% 2% 29% 63 24
1980-94 44%, 29% 6% 61% 66 23
ScrubySuccessional
1966-94 5084 50% 50% 50% 30 10
1966-T9 62% 66% 8% 3% 29 6
1980-94 53% T0% 4% 1 0 10

Society of Canadian Ornithologisis Special Fublication No. 1, 1999 Biology ard Conservation of Forest Bivds
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Maritime) (Downes and Collins 1996). Other species
(e, Hairy Woodpecker, Black-capped Chickades and
American Robin) showed increases throughout much
of their range and several species increased in one or
mors tegions {e.g. Downy Woodpecker, Boreal
Shield; Hairy Woodpecker, Boreal Plain; Least
Flycatcher, Prairic}.

Scrubland/Successional

Statistically significant {p<0.05) declines in
scrubfsuceessional species as a group wers detected
between 1966 and 1994 in Canada overall and the
Atlantic Maritimme, while the Boreal Shicld approached
a significant decline {p=0.067) (Table 1). An increase
cccurred in total scrubland bird numbers in the
Montane Cordillera and in the Prairie dunng that
period. During the carly part of the survey (pre- 1980)
only the Mixed Wood Plain and Atantic Marnitime
showed statistically significant {p<0.05) decrzases in
total serubland birds. No regions showed increasing
trends during the pre-1980 period, although increasing
trends were detected in both the Praire and the
Montane Cordillera (p<0.05) between 1980 and 1994,
Over the entire survey period the scrub/successional
group had equal proportions of increasing and
decreasing species in Canada overall (Table 2),
although the percentage of decreasing species rose
between the years 1966-79 {38%0) and 1980-94 {47%).
Armual indices of population abundance for Canada
suggest a general decline in total serubland bird
numbers that appears to taper off after the early 1990s
(Figure 2). Annval indices for the Boreal Shield
Atlantic Maritime and Pacific Mantime ecozones
reflect a similar decline; the Praine and Montane
Cotdillers show marpinal inereases during the later
part of the survey. The Mixed Wood Plain and Boreal
Pluin are highly variable, but show a generally stable
population over the course of the survey.

Similar to the forest birds, the trends for scrublandg
birds vary widely among ecozones. However, the
general trend for Canada shows a long-term decrease
that appears to be more pronounced during the eatly
years of the survey. These results are consistent with
other studies of population change {€.g., Askins 1993},
Individual species showing long-term declines
throughout much of their range include the Gray
Cathard, Brown Thrasher, White-throated Sparrow and
Seng Sparrow.  Other species that are increasing
throughout much of their mnge include the Yellow
Warbler and House Wren (Downes and Collins 1996).

The many factors influencing bird numbers vary
in type and mtensity over their range, which rcsulis in

Society of Canadian Ornithalogists Special Publication No. !, 1999
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population changes that wvary both regionally and
temporally. However, some general patterns emerge.
Woodland bird: as a group showed relanvely stable
population trends in mest ecozones and in Canada
overall, and a higher number of species increased than
decreased 1n Canada over the course of the survey.
Thiz pattern of population change is generally in
agreement with similar studies in the literature
(Peterjohn and Saver 1994; Petepjohn et al. 1994)
There was much variation in the trends of individual
woodland species with some species showing long-
term declines {Downes and Collins 1996; Peterjohn et
al. 1996). Sewveral species with long-term declines
continentally (Peterjohn and Sauer 1994}  also
declined in Canada over the long term (e.g., Ohive-
sided Flycarcher, Veery, Wood Thrush, Eastern Wood-
pewee). The fact thal these reports and our study
indicate the number of negative population trends
increased in the late 1980s and 19905 suggests some
cause for concern.  Askins (1993) emphasized that
concern for woodland species is warranted in light of
continued habitat fragmentation and loss.

Consistent with other studies {Peteqjohn et al.
1996}, our tesclts indicave that scrubland birds are
geclining more rapidly than woodland birds. Losses in
serubland birds have been attributed to the loss of
successional habitat as abandoned farmland matered
and intensive agricultural practices diminished
remnant paiches of successional habitat (Askins
1%93). Petegohn et al. (1996} found greater numbers
of scrubland’successional species decreasing in the
eagt as compared to central or western North Amenca.
This pattern was evident in the population trends for
the Atlentic Manitime region of Canada, but was less
pronounced in the Mixed Wood Plain ecozene
encompassing southern Cntaric and Cuebee,

Declines in both serubland and wooedland birds in
our study and others were considerably less than those
shown in the grassland bird group (Asking 1993;
Peterjohn et al. 1996; C.M. Downes unpubl.).

Since it is often difficult (o distinguish actual change
in bird populations from short-term fluctuations, long-
term data are required that atlow an examination of
pepulation patterns. The BBS is the only nation-wide
long-tersn survey of somghbirds.  However, not all
species  and  habitats  are  covered equally.
Crepuscular, rare and secretive species are not covered
or are pootly covered, as are some habitats such as
marshes and high-altitade areas. Because the BBS is
run along all-weather roads the large expanscs of
roadless areas in the boreal forest, taipa and ndra
regions of Canada are not covered, The interiors of
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Downes and Collins

Figure 2. Annual indices of scrubland / successional bird abundance in Canada.
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large, unbroken tracts of forest or grassland in other
areas may not be well covered. Despite these
limitations, the BBS provides a system w0 monitor over
200 specits in Canada and gives an early waming of
those species and species groups showing signs of
popiidation change, Resolts from the BBS are now
heing used to establish regional and national prierities
for conservation action and to encourage and focos
research efforts in Canada (Dunn 1998).
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Appendix 1. Species groups used in analyses.

Comimon name

Scientific name

Common name

19

Scientific name

Woodiand Species
Sharp-shinned Hawk
Cooper’s Hawlk
Nonthern Goshawk
Red-shouldered Hawk
Broad-winged Hawk
Merlin

Ruffed Grouse

Spruce Grouse

Blue Grouse

Wild Turkey
Band-tailed Figeon
Black-billed Cuckeo

Yellow-billed Cuckoo
Western: Screech-Owl
Eastern Screech-Owl
Maorthern Pygmy-Owl
Barred Owl

Long-eared Owl

Morthern Saw-whet Ol
Whip-poor-will

Waux's Swift

Ruby-throated Humamingbird
Black-chinned Humminghbird
Calliope Hummingbird
Ruious Humminghird
Red-belhied Woodpecker
Wiliiamson's Sapsucker

Ciowny Woodpecker
Hairy Woodpecker
Three-toed Woodpecker
Black-backed Woodpecket
Pileated Woodpecker
Ofive-sided Flycatcher
Western Wood-Pewee
Eastern Wood-Pewee
Yellow-bellied Flycatcher
Acadian Flycatcher

Least Flycatcher
Hamunond's Flycatcher
Cusky Flycatcher

Oreat Crested Flycaicher
Yellow-throated Vieeo
Solitary Vireg

Hutton's Vireo

Socieny of Canadian Ornithologises Special Publication Na. 1, 1999

Accipiter strigius

A eooperii

A. gentiilis

Buteo lineatits

8. platypterus

Falco cofumbarius
Bonasa umbelfus
Falcipennis canadensis
Dendragapus obscurus
Meleagriz gellopavo
Columba fasciaia
Loccyzus
ervthropthalmus

. americanus

s Eemnicoitii

O asio

Glavcidivm gnoma
Strix varia

Asic otus

Aegolivs acadicus
Caprimuleus vociferus
Chaetra vausd
Archifochus colibris
A. alexawdri

Steilula ealliope
Selasphorus rufus
Melanerpex carolinus
Sphyrapicus
ihvroideus

Picoides pubescens
£ villosus

£ ridaceviues

P agreficus
Dryneopus pileatus
Conropus coapert

C. sordidufus

. virens

Empidonax flaviventris
E. virescens

E. minimus

E. hammondi

E oberhoiseri
Myiarchus crivihus
Firea flavifrons

¥ solitarins

¥ hiettont

Warbling Virea
Philadelphia Viteo
Red-eved Vireo

Gray lay

Steller’s Jay

Clark's Nutcracker
Black-capped Chickades
Mountain Chickades
Chestnut-backed Chickadee
Boreal Chickadee
Tufted Tibnouse
Red-breasted Nuthatch
White-breagted Muthatch
Pygmy Nuthatch

Brown Creeper

Winter Wren
Golden-crowned Kinglet
Rulryr-crovmed Kinglet
Blue-pray Gnatcatcher
Western Bluehird
Townsends Solitaire
Yeery

Gray-cheeked Thrush
Swainson's Thtush
Hermat Thrush

Wizod Thrush

Varied Thrpsh
Behemtan Waxwing
Tenness=s Warhler
Northern Parula
Magnolia Warbder

Cape May Warbler
Black-throated Blue Warbler
Yellow-rumped Warblez
Black-throated Green W
Townzend's Warbler
Blackburnian Warkler
Pine Warbler
Eay-breasted Warbler
Blackpoll Warbler
Cerulean Warbler
Black-and-white Warbler
Amnerican Redstart
Orvenbird

F gihas

¥, philadelphicus

¥ olivaceus
Perisores canadensis
Cygnocitta stelfert
Mucifraga columbiana
Poecile atricapillus
F gambeli

F rufescens

P hidronicus
Baeplaphus bicalor
Sita canadensis

5. carofinensis

5. prgmasca

Certhia americana
Troglodytes troglodytes
Regulus safrapa

R, calendula
FPolipptila caenilea
Sialia mexicana
Myagdastes townsends
Catharus fuscescens
. mininnis

O ustulatus

. gutrams
Hylocichia mustefing
Ixoreis Raewus
Bombyeilla garndus
Fermivora peresring
FParilg americena
Dendroica magnolia
0 tgrina

D coerviescens

£ coronaia

D virvens

D jownsendi

D fusca

D pinvs

£} castanza

b siriara

Dcerntea

Mniarlta varia
etphaga ruticilla
Jefurus aurocaepifius
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Appendix 1 (continued)

Common name

Sclentific name

Commen hame

Downer and Colfins

Scientific name

Morthern Waterthrush
Lowsiana Waterthrush
Hooded Warbler
Canada Warbler

Scarlet Tanager
Western Tanager
Drark-eyed Junco
Rose-breasted Grosheak

X neveboracensis

X motacilla

Wilsonia citring

W canadensis

Piranga olivacen

P ludoviciana

Junco Ayemalis
Phencticus hidovicianus

Scrubland/Successional Spacies

Sage (irouse

Califernia uatl
Northern Bobwhite
American Woodcock
Camimon Poorwill
Cray Fivcatcher
White-eyed Vireo
Bushtit

Carglina Wren

Bewick's Wren

Heouse Wren

Gray Cathird

Sape Thrasher

Brown Thrasher
Blue-winged Warbler
Golden-winged Warbler
Oranpe-crowned Warbler
Mashville Warbler
Yellow Warbler
Chesmut-sided Warbler

Elack-throated Gray Warbler

Sociery of Canadian Ovnithologists Special Publication Ne. {, 1999

Centrocercus
wrophasianus
Callipepla californica
Colinus wrginionus
Scolopax minor
FPhataenopiiius muertaflii
Empidonax wrighhi
Fireo griseus
Praltriparis minimas
Thryothorus
fudavicignus
Thryomanes bewickii
Troglodvees aedon
Dumetella carolinensis
Oreoscoptes monfanns
Tozostoma rufion
Fermivora pinus

¥ chrysoptera

¥ celata

¥ ruficapifia
Dendroica petechia

D pensylvanica

D nigreseens

Black-headed Grosbeak
Pine Grosheak

Purple Finch

Cassin'’s Finch

Red Crosshill
White-winged Crosshill
Fine Siskin

Evening Grosbeak

Frairte Warbler

Palm Warbler
Connecticut Warbler
Mourning Warbler
MacGillivray s Warbler
Commoen Yellewthroat
Wilson's Warhler
Yellow-breasted Chat
Rufous-sided Towhee
Clay-colored Spamrow
Brewer's Sparrew

Field Sparmow

Lark Sparrow

Fox Sparrow

Sonpg Sparrow
Lincoln’s Sparrow
White-throated Sparrow
White-crowned Sparrow

Golden-crowned Sparrow

Morthern Cardinal
Lazuli Bunting
[ndigo Bunting
American Geldfinch

B melonocephalus
Pinicola enticleator
Carpodacis purptreus
. cassinii

Loxia curvirastra

L levcoptera
Carduelis pinus
Coccothraustes
vespertinig

D discofor

D palmarum
Cporornis agifis

O philadelphia

O tolmiei
Geothhypis trichas
Wiisonia pusifla
fcteria virens

Pipilo erythrophthalmms
Spizelia pallida

& breweri

5. pusifta

Chondestes grammactis
FPaszerella ifiaca
Melospiza melodia
M. lincoinii
Zonetrichia albicellis
Z. lencophrys

2. atricapiila
Cardinalis cardinaliz
Passering amoena

P eyanea

Cardugliz tristis
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Tracing diets and origins of migratory birds
using stable isotope techniques

Keith A. Hobson

Abstract

Measurements of naturally occurmning stable isotopes of several elements found in foodwebs are being used increasingly
to address & number of ecological questions, particularly those imvolving nuttient flow and foodweb structure.
However, only during the last decade has the potential of this technique been realized by avian ecologists, and there
exists a multitude of potential applications in this field. [n this paper, the uses of stable isotope applications to avian
ecological studies are reviewed. [n part'lclllh.l', semghasis is 3‘Fiverl to the use of 3 N (ISNIHN} measursments to delineate
trophic position in marine systems and 8 C ((C/ C)and *'S ('S/'5) measurements to establish sowrces of nutrients in
avian diets. Recent applications of the measurement of deutetium isotope ratios 0 (OVH) in feathers 1o trace ongins
of migratory songbirds is also presented When combined with DNA analyses, the stable isolope approach holds great
promise for linking breeding and wintering areas of neotropical migrant binds and other migratory organisms.

Résumé

Les mesures de fréquences natwrelles d'isotopes stables de plusicurs éléments que I'on retrouve dans les chaines
alimentaires sont de plus en plus utilisées pour répondre 4 plusicurs questions écologiques, tout parsculitrement ceiles
impliquant les flux de nutriments e 12 structure des chaines alimentaires. Cependant, ce n'est qu*au cours de la derniére
décennie que le potentiel de cette technique a &t apprécié par les écologistes aviens. Dans cet article, 1'utilisation de la
techmique des isotopes sl‘.ables”pm.}r Iels études d'éeologie avienne sont résumées, En particulier, 1*emphase est mise sor
I‘I;Jti{i]satinn dis mesures de 3'N("N/"N) pour détermuner 1¢s positions trophiques dans les systémes marins et de 8'C
{"C/°Cy et 8"S ('S/S) pour déterminer lcs sources de nutriments dans le régime alimentsice des oiseaux. Des
applications récentes des mesures de ratios d'isctope de Dreutérium 5D (D/H} dans les plumes pour retracer PPorigine
des ciseaus migrateurs sont aussi présentdes. Lapproche des isotopes stables, lorsque combinée avec des analyses
d'ADN montre de grands potentiels pour relier les aires de nidification ¢t d'hivemnage des oiseaux migrateurs
néotropicaux, €1 aulres Crganismes migrateurs,

Keith A. Hobson, Prairie and Northern Wildlife Research Centes, Canadian Wildlife Service, 115 Perimeter Road,
Saskatoon, Saskatchewan, Canada STN OX4, {keith hobsoni@ec. ge.ca)

Introduction

Conventional approaches to avian dietary studies have
involved gut contents analysis, either by collecting
birds, stomach flushing or the use of emetics (e.g.,
Laursen 1978; Harmson 1984; Duffy and Jackson
1986, Major 1990, Poulin et al. 1994}, direct
ohzervation of foraging adults or, more rypicatly, the
prey they deliver to young, or the analysis of prey

Society of Canadian Ornithologists Special Publication Na. 1, 1994

remains in the form of regurgitations, pellets, or faeces
found at nest or roost sites (Davies 1977; Loiselle and
Blake 1990. Dhctary inferences have also been made
from analyses of contaminant or adicactive tracers in
foodwebs (Smith et al. 197%; Beviss-Challinor znd
Field 1982; Macko and Ostrom 1994). Each of these
approaches may adequately describe diet, panicularly
over the short term. However, they all have
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considerable drawbacks, at least when applied in
tsolation. ‘Gut comtent analysizs involves destructive
sampling and typically provides information cnly for
the individual’s last few meals. More importantly, this
technigque may be biased against sofi-bodied prey ot
those materials that are more readily digested {Duffy
and Jackson 1986). While being non-destructive,
similar drawbacks are apparent with stomach flushing
or the use of emetics and the analysis of prey remains
or rcgurgitated pellets or faeces. Moreover, thesc
approaches at best provide only a picture of what was
ingested and not what was assimilated into the bird's
tissucs. So, unless derails of assimilation efficiency
and how foods enter nuiritional pathways are known,
frequency of occurrence or liomass of prey remains in
stormachs may often provide misleading information
(Duffy and Jackson 1986). Finally, analysis of prey
remains is a tedious technique that requires researchers
to have a pood taxonomic knowledge of crganisms
available to birds,

The problems outlined above with respect to the
analysis of individual diets are compounded further
when one atternpts to consider dietary relationships
among several taxa within a foosdweb. The difficalties
inherent in systems or foodweb studies have
undoubtedly resulted in the lag in empirical evidence
for foodweb theary (Paine 1988). Stable isotope
analysis is based on the measerement of natgrally
ocourting stable isotopes of several elements that
oceur in foodwebs. This technique offers a number of
advantages over conventional dietary approaches. In
patticular, dietary informalion is based om (1}
nutrients assimnilated into comsumers, not just those
ingested; and (2) a dietary integration over various
temporal scales ranging from a few days to the lifetine
of the individual depending on the tissue analyzed. In
addition, the collection techmigue iz simple and
straightforward and the analysis relatively inexpensive.

Stzhle 1sotope applications to avian dietary
studies fall into four zeneral categones: (1} the
determination of trophic level of individuals and
trophic refationships  within  complex  systems,
including correlations between trophic level and
bioaccumulation or depuration of contaminants; (2)
the determination of nutrient source or location of
feeding; (3} the evaluation of endogenous ¥s
cnogenous reserves to teproduction;  and (4) the
tracking of migration and the linkage of breeding and
wintering grounds in migratory species, All of these
applications tely on the simple fact that stable-isotope
signatures present in foodwebs can act as natural
markers to trace dietary ongins of birds and other
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consumers. Such tracing can involve the delineation of
feeding relationships at a local scale or at the scale of
thousands of kilometres in the case investipations of
migration. Following a brief backgeound on the theory
and measurement of stable 1sotopes, each of the above
broad applications will be described and discussed. It
is not the intention of this paper to provide an
exhavstive review of the field of ecological
applications of stable isotopes since excellent reviews
are provided elsewhere {e.g., Peterson and Fry 1987;
Rundel et al. 193%; Lajtha and Michener 1994).
Rather, an emphasis will be placed on existimg and
potential applications to avian ccological studies,

Stable isotope background

In nature, elements exist in both stable and nonstable
(i.e, radioactive} forms. Elements common to
biclogical systems typically occur in mere than one
stable form and these are referred to as stable isotopes
of that element. Isotopes differ in the mass of the
nucleus and depend on the pumber of newtrons
present. Characteristically, the heavier isotopes of an
element ccour more rarely in nature than the lighter
isotope. Those elemants in nature of meost intérest in
terms of stable isotope applications are carbon,
nitrogen, oxygen, sulphur and hydrogen, with the
overwhelming majonty of work being focused on
carben and nitrogen (see Table 1)

Table 1. Average terrestrial abundances of the stable
isotopes of elements of pomary interest Im avian
dietary and tracing studies {[from Ehleringer and
Rundel 1788).

Element Isotope Abundance (%%)
Carbon 130 98.89
RC 111
Hydrogen ‘H 99985
‘H 0015
Mitropen N 99.63
"N 0.37
Oxygen 1B 99.759
P 0.037
1% .204
Sulfur Hg 95.00
- 0.76
s 4.22
i {014

Isotopes behave differently in biogeochemical
processes  due to  thermodynamic and  kinche
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considerations. [n general, differences in physical and
chemical properties of isolopes are proportional to
differences in their masses (Broecker and Oversley
1976). The net difference in isotope abundance
resulting from these processes is known as isotopic
fractionation. In nawre, isotopic fractionation
processes discriminate for or against an isctope of a
particular element m the order of a few percent.
Analytically, it is most converaent to measurc these
small absolute differences in isolopic composition by
measuring isotopic differences between a sample and a
known standard. lzotopic composition of a sample is
usvally expressed in delta {&) notation as follows:

85Xy = (RaampieRata = 1) % 1000

where 68X, is the isotope ratio in delta units relative to
a standard, and R, and K5 are the absolute isotope
ratios of the sample and standard, respectively. Delta
values are expressed as parts per thousand (s} or on 2
“per mil” basis, Currently, there are four international
standards for the five principal light isotopes of
interest in this paper. The PeeDee belemnite (PDB)
standard is used for carbon, atmasphenc air (AIR) for
nitrogen, the Canyon Dhable meteonte {CD) for suifur
and the standard mean occan water (SMOW) for
hydrogen and oxygen. The arbitrary choice of these
standards results in | C samples typically hemg
negative {i.e. the standard is usually entiched in 'C
compared to the unknown} and N samples bemg
positive {atmosphenc air is cypically depleted in "N
relative to the unknown). Stable hydropen and oxygen
isotope values are typically negarive and stable sulfur
isotope values can be both positive and negative
Below, [ provide a boef background on cach clement
of interest. [nformation on oxygen i5 not presented
because, despite its potential use in avian ecolopical
investigations, few researchers have conducted studies
uging this element (but see Schaffner and Swart 1991).
In addition, hydrogen isotope analysis can often
provide simmilar types of information in stadies
involving tracing of water.

Carbon . i

Carbon occurs in two stable forms as C and (.
Carbon isotopic compositions of animals reflect those
of the diet within about 1%= (DeNirc and Epstein
1978, Peterson and Fry 1987). For this reason, stable-
carbon i1sotope analysis is an ideal tool for tracing
origins of nutrents in foodwebs since carbon may
cnter the base of foodwebs with chameteristic 1sotopic
signatures due to a varety of bicgeochemical
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processes and these change little throughout the
foodwehk, The two main processes of mterest in this
paper are those resulting in differences in ﬁ C values
of terrestrial versus marine foodwebs and & C values
of plants with C-3 vs C-4 photosynthetic pathways.

Catben in the atmosphere is depleted in 'C
relative to dissolved carbonate in the oceans by about
Tlw {Craig 1953; Chisholm et al. 1982).This
difference anises from the fact that dissolved inorganic
carbon in the oceans is detived oltimately frem the
atmosphere. Effectively, heavier carbon dioxide enters
into bicarbonate ion exchange at the ocean/atmosphere
interface mere readily than does lighter cacbon
dioxide. Tn general then, marine foodwebs tend to be
entiched in C compared with terrestrial C-3
foodwebs {see below) and this difference has been
used to trace the relative contributions of terrcstrial
versus matine protéin in the diets of contemporary
{e.g., Hobson 1986, 1990) and prehistoric consumers
(e.g., Chisholm et al. 1982; Hobson and Cellier 1984).

The stable-carbon isotope composition of
terrestrial plamts  is  influenced in  part by
photesynthetic pathway and much of the earlier work
on stable carbon isotopes in nature was concerned with
linking isctopic fractionation with plant metabolism
{reviewed by Ehleringer and Rundel 1938). In
temperate areas, most plants have ausu—called c-3
photosynthetic pathway resulting in & C values close
1o 27w, Plants with a C-4 photosynthetic pathway,
often growing in more xeri¢ conditions, have more
enriched 8"C values ranging between -9 1o -1d*/n The
relative contributions of C-} versus C-4 plant= to
fordwebs have been investigated using stable-carbon
isotope measurements. In particular, the introduetion
of com, a C-4 plant, to an otherwise C-3 based
foodweb has been traced im prehistoric agriculmral
systems {e g, Vogel and van der Merwe 1977, Bender
etal. 1981}

Nitrogen

There are two stable forms of nitrogen, "N and "N_ in
termestrial systems, nitrogen enters foodwebs through
symbictic fixation or through direet conversion of
atmospheric nitrogen within plants (reviewed by
Madelhoffer and Fry 19%4). These processcs typically
lead to different isotopic signatures of plants adopting
these strategies. In maring systems, norganic nitrogen
occurs as molecular nifrogen, armononia, nitrate, nitrite
and nitrous oxide. Kelatively little is known about the
isotopic fractionation effects cccurring between these
nitropen pocls and phytoplankton (Owens 1987, but
see Wada and Haton 1978).
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As was found for stable-carbon isotopes. the
stable nitrogen isotopic composition of animals is
related ultimately to the isctopic compositions of their
diets (DeNito and Epstein 1981; Macko 1381;
Minagawa and Wada 1984). Through processes
associated primarily with d1fferent|al excretion of
animals incorporate dietary "N into their tissues
preferentially, an effect due to discrimination against
the lighter isotope during protem amination and
deamination {Gaebler et al. 1966; Mackeo et al. 1982;
Minagawa and Wada 1984} A broad survey of field
and laboratory data confirms that there is 3 sipnificant
lincar relationship between &N values of an organism
and its diet {DeMiro and Epstein 1981; Cwens 1987),
This phenomenon forms the basis of using &N
measurements 1o infer trophic level,

Sulfur

Sulfur occurs in nature i fouor stable forms, J:S, HS, g
and *S. Of most interest in biclogical systems is the
relative sbundance of S and 'S (depicted as § ). The
large wvariability (of the order of 15(0F/=) in sulfur
isotope ratios in natural materials from light sulfides to
heavy sulfates and the apparent lack of a trophic
enrichment effect (see Krouse 1988, Hesslein et al,
1993) has led te the primary use of stable sulfur
izsotopes as natural tracers 1 foodweb studies. In
particular, differences in 3'S between terrestrial and
marine biota makes this isotope extremely useful in
tracing relative contributions of terrestoal and manine-
derived nutrients. Compared with other elements, it
was previpusly relatively difficult to pecform routine
sulfur 1sotope measurements on biological matenal.
However, with the advent of continuous flow isotope
ratic mass spectrometry {[RM3), sulfur isciope
measurements have become more routine. The first
application to avian studies was by Teust (1993),

Hydrogen

Hydrogen occurs in fwo stable forms, 'H {usvally
denoted as H) and "H or deuterium (D). Isctapic
fractionation cffeels tend 1o be far more pronounced in
hydrogen because the relative mass difference between
H and [ i1s greater than other isotopic elements.
Ecological studics using stable hydrogen isctopes are
often relaled o the deuterium content of local water.
Once water leaves the ocean, climaie and geopraphy
influence the larpe-scale pattern of the D isotope.
Important peclogical and climatic factors affecting
natural distnbutions of DVH ratios in precipitation
mmclude lztitude, altitude, season, and distance inland
{Dansgaard 1964; White 198%). At low latitudes where
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seasonality is not pronounced, and at mid-latimdeas in
summer, the amount of rainfall becomes important in
determimng 80 of preomitation (Dansgaard 1964).
Generally, 5D in precipitation decreases noa north-
westetly direction across Morth Amenca (Cormie et al.
1994; Hobson and Wassenaar 1997; Frgurc 1). 8D also
decreases with increasing alnmde, is higher in summer
and lowest in winter at latitudes above 307 (Ziegler
1989) and dccrecases with heavy versus sparse
precipitation (Dansgaard 1964).

As with stable-carbon isotopes, most work on
isotopes of hydrogen in biological systems has been
reslricled to investigations of isotopic measurements
of plants (e.g, Smith and Epstein 197; Estep and
Hoering 1980; Ziegler 1989). Schimmelmann and
DeNiro (1936) investigated wophic ennchment of
deuterium in an aquatic food chain, but isotopic
investigations of higher-trophic level organisms are
generally lacking. Recently, Cormie et al. {1994)
found high correlation of bone collagen 8D with
growing scason rain 8D in modern deer bone, This
study provided the inspiration for imvestigations by
Hobson and Wassenaar (1997} (o use &0 measure-
ments of feathers grown on breeding grounds 1o link
breeding and wintering prounds of neotropical
migratory birds (see below).

Captive studies

Unti! relatively recently, there were two major
limitations to the application of stable isotope analyses
in avian dietary studies. First, i1 was not well
understood how stable isotopes fractionate or change
once they are incorporated into tssues. Ticszen et al.
(1983} conducted controlled laboratory studies on
getbils {Mericones unguieniatus), but it was not known
to what extent their findings were applicable to studies
of birds, especrally since birds produce different
nitrogenous waste products compared with mamomals.
Mizutzr e al {1991a) opportunistically examined the
tssues and diet of a single cormorant {Phalacrocorax
carba) raised on a constant diet of mackers]
{Preumatophorus jopomicus) and provided the first
published cstimates of carbon and nitrogen isotopic
fractionation between diet and bird tissues, However,
the investigation of a single piservorous bird did not
allow extrapolation to birds in general, particularly to
non-piscivores.

A second limitation to the application of stablc
isolope amalysis to avian studies was that precise
turnover rates of isotopes in tissues of wild birds were
pootly known. Although Tieszen et al. (1983) had
investigated stable isctopic turnover rates in gerbils by
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Figure 1. Patterns of D, for North America. Circles indicate precipitation sites (updated from Hobson and

Wassenaar 1597).

switching isotopic compositions of diets of laboratory
animals under conteelled conditions, again, it was not
clear how teliably their results might apply to birds.

Isotopic turnover and fractionation
of body tissues

The period over which tissue isotopic abundance will
reflect the isotopic signature of a panticular diet will
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depend, in part, on the izotopic turnover rate in that
tissue. This tate is not to be confused with decay rates
associated with radicisotopes. Rather, [ refer here to
elemental mirmever in tissucs, 2 process directly linked
te the motabolic rate of that tissue. Tissucs with rapid
isotopic or elemental tornover will reflect recent diet
whereas those with slow mrnover will reflect longer-
term dietary averages. The choice of tissuc will
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Table 2. Summary of diet-tissue fractionation vajues derived from captive studies of Hobson and Clark {1992h) and

others. Sample sizes and food type in parentheses.

Diet-tissue fractiomation factor (%)

Tissue Chicken (8) Quail (5) Gull (14)

Faleon {6} Crow

Piscivorsus  Cormorant {1}

(rs) (TS (Ferch) (Quail) N Birds (6 spp.)’ {Mackerel)®
{Perch)

Carbon
Blood 1.2 +0.6 031+08%8 +H024 001
Liver +14 202 H2E06 L4£10 17z16 +11
Muscle #3103 +1.1+0.5 +H.3+04 1.1+10 +2.1
Collagen HE+12 +27+04 +26ti.1 +2.5
Feather £410.02 +1.4 08 HiEl1d +211 008 +29¢t0+3.8 +3.6
Nitrogen
Blood +12+£0.2 +3. 1102 +33+ 04
Liver +1.7£4.1 +23+0.2 +17+01 29+07 +13
Muscle +HZ+0Z2 +1.0+401 +1.4101 L7110 +24
Collegen +1.5£0.10 +251£04 +3.1102 +19
Feather +1.1 £40.1 +1.6£0.1 +3.020.2 +17+ 0.5 +3.7 1y +5.3 +3.4

'TS refers to Turkey Starter commercial feod mix.
? Mizutani et al. (19092,
3 Mizutani et al. (1990).

depend, then, on the ecological question of interest;
Ticszen et al. (1983) suggested that, by analyzing
combinations of tissues, greater information
cemeerming an animal’s diet could be obtained. As a
first step in establishing isotopic farnover rates
applicable to birds, and isotopic fractionation factors
between diet and a vanety of avian tissues, Hobson
and Clark (1992a,b) conducted several expenments
using captive birds rlajlisfed on ifﬂtcpicalty known diets.
They determined 5 °C and & N diet-tissue fraction-
ation factors for blood, hiver, muscle, bone collagen
and feathers of domestic chickens (Galfes gaflus),
Japanese Quail (Comenix japonica)y and Ring- billed
Gults (Larus delowarensis) and blood and feather
samples of adult Peregrine Falcons (Fafen peregrinus)
rzised on known isotr:rpi?}djers {see Table 2).

Tumowver rates of C in tissues of fully grown
Japanese Quail were established by switching the dist
of an expenimental group from a wheat-based {Le. C-
33 diet to a com-based (i.e. C-3) diet and sampling
tissues periodically for 212 days. An exponential
model described patterns of isotopic umover in all
tissues, Turnover rates for quail tissues were ranked
liver=blood=muscle>bone coltagen {Table 3). Hobson
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and Clark (1993) later expanded these results to
include the potential isotopic assay of matenals
involving non-destructive sampling by determimng the
isotopic tumover rates of the cellular and plasma
fractions of blood. By switching the diets of captive
crows from C-3 to C-4 composition and sampling
blood over 2 45-day period, they demonstrated that
cellular and plasma fractions had half lives of 29 8 and
2.9 days, respectively. This suggests that where birds
can be captured alive, the isotopic analysis of blogd
fractions can provide the same dietary information as
that based on muscle and liver.

Table 3. Elemental carbon turnover rates m bssues of
captive-raised Tapanese Cuail.

Tiswue HaH-Life (d) Sowrce

Blood - whole 114 Hobsgon and Clark {1992)
Blood - cellular 298 Hobscn and Clark {1993)
Blood - plasma 2.9  Hobsan ardd Clark {1993)
Muscle 12.4 Hobson and Clark {1992}
Liver 26 Hobson and Clark (1992)
Bone Collagen 173.3 Hobson and Clark (1992}
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Isotopic turnover and fractionation
related to egg production

Bird eggs are another potential source of material for
isctopic imvestigation of avian dietz because they are
formed from nutrients that are derived ultimately from
the diet of the laying female. Eggs are also usually
readily available, either from the wild or through
archived collections, amd 5o are a convenient source of
material for isotopic analysis. Another motivation for
the isotopic investigation of eggs is that it can provide
information on how quickly nutrients from the diet are
incorporated into various egg components and the
extent to which endogenous reserves att used in egg
formation (Krapu 198 1; Austin and Fredrickson 1987;
Afton and Ankney 1991). If yolk is formed rapidly
from dietary sources then the contribution of the new
diet to the isotopic signal in the yolk should be
proportional to the additional mass of yolk formed
using the new diet.

Previous studies have shown that stable-carbon
and oxygen Isotope analysis of the orpanic matnix ()
or carbonate (C and (0} component of eggshells can
reveal dietary information from both archazological
and contemporery specimens (von Schirnding et al,
1982; Schaffner and Swart 1991). However, prior to
Hobson {1995), only Trust (1993) had used other
components of egps such as the yolk and albumen
frachions and virually no information existed on how
isotopic signanires change or fractionate between diet
and the various components of the avian egp (hut see
von Schimding et al 1982; Schaffner and Swart
1991}, Hobson (1995} imvestigated isotopic signatures
of epps laid by captive Japancse CQuail and wild-strain
Mallards {dmas planriynchos) raised on grain-based
diets, and three spacies of faleon mised on quail, to
determine possible influences of diet. That study of
bird eggs indicated fairly uniform patterns of isotopic
fractionation between diet and yolk, albumen, yolk
lipid, shell membranes and shell carbonate. However,
the magnitude of fractionation differed substantially
between egg componenits, reflecting differences in the
bicchemical and metabelic processes invelved in
tissue synthesis {Tieszen and Boutton 1988, Nakamura
et al. 1982; Krueger and Sullivan 1984). The
magmitude of mitrogen 1sotope fractionation between
diet znd albemen, yolk and shell membrane were
similar, being close to +3. 8%, This value is in
agreement with the 3- 5% 'N trepluc ennchment seen
in terrestrial and manne foed webs (Schoeninger and
DeNirg 1984, Fry 1988; Hobson et al. 1994). Nitrogen
in yolk, albumen and membranes occurs pnmanly as
protein, and N fractionation between diet and protein
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generally occurs during processes of amine acid
aminaticn and transamination {Macke et al. 1982}, As
such, protein synthesis and its corresponding isotopic
fractionation in egg components is similar to the
synthesis of other proteins in the adult bird.

Shell carbonate is highly coriched in "¢
compared to diet for all species examined (von
Schimding et al. 1982; Schaffner and Swart 1991;
Hobson 1995), Anirnal shell carbonates are typically
ennched over substrates (Fritz and Poplawski 1974;
Fry and Wainright 1991) and, in the case of birds, it is
likely that major carbon isotopic fractivmation occurs
during the formation of carbonate ions by carbonic
anhydrase of oviduct fluids (Simkiss and Tyler 193%;
von Schimnding et al. 1982), However, falcons showed
a consistently lower carbonate enrichment factor
compared with quail and mallard fed plant-based dists.
In their isotopic study of seabird eggshells, Schaffner
and Swart {1991) also reported smaller differences
berween eggshell carbonate and diet for protein versus
carbohydrate feeders. Similar differences in carbom
isotopic fractionation have also been recorded between
herbivore and camivore bone apatite and cellagen
{Kreuger and Sullivan 1984} and, in this sense,
carbonates in bone apatite are analogous to carbonates
in the sgpshell matrix.

In pemneral, herbivore diets consist of relatively
more carbohydrates and fewer proteins and lipids than
carnivore diets. Carbohydrares in hetbivore diets are
allocated primarily te energy metabolism whereas
pratein is allocated mainly to grewth and maintenance
of tissues such as collagen. Bone apatite (and shell
carbonate) is derived from blood bicarbonate which is
in tumn generated from the metabolism of ensrgy
substrates (DeMirc and Epstein 1978). Camivorcs
depend relatively more on lipids than on carbohydrates
for their energy melabolism and since lipids arc
depleted in "C relative to proteins and carbohydrates,
the carhon available for bone and shell formation in
carnivores should be, on average, mote depleted
relative 1o diet than for herbivores, More recently,
Ambrose and Notr (1993} and Tieszen and Fagre
(1993) investigated the relationships of Lhe carbon
izotope ratios of whole dict and dietary protein to those
of bone collagen and carbonate by manipulating the
isotope composition of macronutrients in the diets of
laboratory rats and mice. Both studies demonstrated
that carbonates in bone apatite are denived from whaole
diet whereas bone collagen is derived primanly from
dietary prodein (see also Ambrose 1993). Dictary
protein not used in tissue maintenance and growth is
apparently used in energy metabolism. The above
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discussion ermphasizes that, in addition to analyzing
whole diet, it is important to consider alsg
fractionation patterns associated with dictary
macromolecules such as carbohydrates, lipids,
proteins and even individual amino acids {Tieszen and
Boutton 198%; Macko et al. 1982).

isotopic enrichment due to fasting
or nutritional stress

Dwring their smdy of isotopic fractionation between
diet and tissues of various captive birds, Hobson and
Clark {1992b} detcrmined that Amenican Crows
{Coraus brachyrinnchos) raised on a plant-based dn:t
did not grow as well and had tissues enriched in "N
telative to diet, compared with birds raised on a high
protein diet of perch. While 1r appeared as though
nutritional stress caused differential enrichment in '-'%
interpretation of these results was confounded by the
different diets. For this reason, Hobson et al. {19%3)
conducted another sct of experiments on captive quail
raised on a single diet {one batch of Torkey Starter) but
subjected a treatment group to a ration that maimtained
their body mass while allowing the control group ad
libitum access to food that supported normal grnrwth
They found that the treatment group had enriched "N
values of moscle, lver, bone collagen, feather and
blood compared with the control group. This provided
the first evidence that nutntional stress could cause
isotopic enrichment in consumers” tissues.

To evaluate whether or net such enrchment
pccurs in nature, Hobson et al. {1%%3) alsc measured
"N values in tissues of nesting Ross’ Geese {Chen
rosrid) before and after their fast duning incubation on
their high arctic breeding grounds. As predlcted, post
incubation pecse showed coriched tissue N values
compared w1th pre-incubating birds. Thus, substantial
evidence of N enrichment due to nutritional stress
was established However, the precise mechanisms for
this enrichment effect are poorly understood.

eﬂla:mbmse and DeNiro {1986) similarly observed
that "N values of the bone collagen of drought-
tolerant herbivores were higher than those of water-
dependent species in East Africa and related this effect
to physiological processes relating to mechanisms of
water conservation, These anthers noted that
herbivorous mammals on diets high in protein have the
capacity to excrete highly concentrated urine under
conditions of heat and water stress and that this is
accompanied by often spectacular increases in urea
output. Urea is the major form of excreted mtmgm in
mammals and is significantly depleted in "N relative
to the diet (Steele and Daniel 1978). The excretion of
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a more conccnh‘atcd urine with a quantitative incregse
in the excretion of N-depieted urea in water stressed
mammals would result in higher "N"N ratios in the
unexcreted mitrogen. Subsequent N enrichment of the
temaiting body nitrogen incorporated into tssues is
expected from conziderations of isotopic mass balance
(see also Ambrose and DeNiro 1987, Hobson et al.
(1993) proposed an analognus mechanizsm to acoount
for apparent enrichment of "N observed in fasting
birds.

Mitrogen available for the synthesis of body
proteins can be recycled from metabolic aming acid
pools with inputs from assimilated foods and through
protein breakdown or catabolism. A prmary seurce of
nitrogen isotopic frachionation 15 believed to ocour
during processes of deamination and transamination of
amine acids (Gaebler et al. 1966, Macko et al. 1982;
Minagawa and Wada 1984}, [n this way metabolized
amine acids are enriched during anabolism (L., tissue

hesis), and nitrogenous waste producis depleted in

relative to diet (e, Stecle and Caniel 1975).
Under conditions of fasting and nutritional stress, a
greater proportion of nitrogenous  compounds
available for protein synthesis are derived from
catabolism (i.e. tissuz breakdown) and, since this
source of mitrogen has already been enriched in N
relative 1o diet, additional enrichment in the metabolic
nitrogen peol must occur Cne consequence of this
process would be the eventual enrichment in "N of all
body tissucs relative to periods without stress (see also
Swick and Benevenga 1977, Figure 2). The extent of
§’N enrichment in tissues due to fasting and
nutritional stress should be influenced by the isotopic
mmover rates in those tissues Mcetabolically active
tissues (e.g., liver) are expected to show the effects of
entichrment due to stress more readily than tissues with
slower solopic turnover (e.z., bone collapen in aduit
birds, Tieszen et al. 1983). Consistent with this
suggestion, Hobson et al. (1993) found that adult
female Russ Geese showed a greater enrichment in
liver 5 N valucs compared with tl'lose of muscle,
Experimental quail showed high N enrichment in
bath Liver and bone collagen but these birds were shill
growing and bone sotope values were mote dynamic
than that expected for adult birds.

Stable isolope analysis of the tissues of wild
animals and their prey to delineate diet or trophic
relationships within communities offers numerouws
advantages over conventional approaches {e.g.,
Ambrose and DeNire |986; Peterson and Fry i987).
However, the reliahility of the isolope approach
depends directly on our understanding of processes
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Figure 2. Hypothetical depiction of nitrogen
enrichment due to nuiritional stress. In situations
where food mtake diminishes and catabolism
increases, the total body protein pocl 1= expected to
become enriched (providing excretion still accurs).
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contributing te the abundance ::-lt‘ stable izctopes in
consumer tissues. Smdies using analysis to infer
diet or trophic position must take account of the
nuiritional history of the individuals whose Lissues are
being examined.

The effect of "N enrichment associated with
changes in body composition is particularly relevant to
isotopic studies of birds, especially the many species
which lose body mass during egg-laying and
incubation. Among waterfow!, for example, it was
previously felt that mest of this mass loss reflected
gonadal regressicn and depletion of fat reserves (e.g.,
Hanson 1962; Harris 1970). However, breast, leg and
gizzard muscles are important protein reserves during
incubation in arctic-nesting Lesser Snow  (Chen
caeruiccens) and Ross' Geese {Ankney and MacInnis
1978). As noted by Ankney (1977), even in species in
which the incubating female does not fast,
considerable mass loss occurs (Weller 1957, Onng
1969; Anderson 1972). Penguins also fast during egg-
laying (Richdale 1947} and several species of szabinds
may underpo periods of food stress due o competition
near colomies or crashes in prey stocks {e.g., Hunt et
al 1986, Erikstad 1990). [n addition, nestling seabirds
may experience protracted periods of reduced growth
due to intermitent food provisioning (e.g., Ricklefs et
al. 1980, Although there i= tremendous potential for
the application of stable-isntope analysis 1o avian
dietary studies, researchers should consider possible
N enrichment of tissues in some individuals or species
due to physiological effects rather than diet per se,

Foodweb source studies
The first applications of stablc isotope analysis 1o
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avian studies was to determine source of feeding. This
approach is based on the fact that isctope ratios in
consurners reflact those in their prey and, where two
isotopically distinct sources of food are available, a
simple linear mixing rmedel can be consmuctad to
predict the relative nutritional inputs from each source
(Figure 3). The measurement of several stable
isotopes in consumer and diet can allow better
resolution of dittary contributions and may alse allow
the approximation of inputs from more than two
isotopically distinet sources (2.g., Mariotti et al. 1984;
Hobson et al. 1997}

Tietie and Teer {1988) exarnined the reliance of
Northern Shovelers {Anas clypeata) on freshwater and
saline habitats using 5C analyses of pectotal muscle
tssues and concluded that these birds did not move
between habitats during the midwinter pericd.
Another, more recent, tracer application to waterfow!]
studies involvaed the analysis of stable carbon and
sulfur isotopes in muscle, eges, and peey tissues of
Redhead Ducks (Ayvthya americana) on breeding and
wintering grounds (Trust 1993). That smdy revealed
differential dittary sources for carbon and sulfur on
wintering grounds and generally alivded to birds
reflecting the isotope ratios of foods available to them,
Using stable carbon isotope analysis of bone collagen,
Hobson (1985) provided a minimum estimate of the
importance of 1errestoal C-3 based garbage in the diets
of Glascous-winged Gulls (Larus glawcescens)
wintering near Vancouver, British Colombia, While
that study represented an advance over previous
conventtonal dietary studies, it was complicated by the
fact that terresirial and manne isotopic endpoints were
not weli undx:rsmod Mizutami et al. (199 Tater
analyzed 8°C values in feathers of Great Cormorants
and delineated freshwater and marine protein inputs to
the diets of birds having access to freshwater and
matine biomes duning the period of feather prowth.

The first isotopic znalysis of more than one tissue
fype to determine dietary inputs 1o birds over different
time pericds was provided by Hobson { 1990) who used
stable-carbon and nitrogen isotope analyses of muscle
and beone collagen from Marbled Murrelets
{Brachyromphus marmoratus) that had been collected
in maring coastal areas and at a freshwater lake in
British Calumnbia. The impetus behind that study was
to determine if murrelets occurring on the lake
actually foraged there to any significant extent. By
creating a model depicting isotopic values expected
from birds feeding exclusively in a freshwater C-3
bieme compared with a coastal marine biome, Hobson
{ 1990) was able to determine that individuals collected
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Hohsan

Figure 3. Depiction of a simple linear mixing model for a bird feeding {a} exclusively at a marine dietary endpoint,
(1) exclusively at a terrestrial dietary endpeint, and (c) at 50% marine and 50% terrestrial position.
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on the lake had shor-term (i.e., based on muscle
tissue} freshwater-denived protein inputs to their diets
ranging from 50 to 100%, but had little evidence of
long-term (i.e., based on bone collagen) reliance on
freshwater for feeding, Hobsom and Sealy (19%1)
conducted a simjlar isotopic study on Worthern Saw-
whet Owls (Aegofius acadicus) from the Queen
Charlotte Islands, British Columbia. after observing
that stomachs of several road-killed owls centained
inkertidal invertebrates. These authors wondered to
what extent the brpoksii subspecies of owls on the
Queen Charlottes depended on this mating food source
throughout the year. By conducting isotopic analyses
of owl and terrestrial and marine prey tssues from the
Queen Charlottes, and Morthern Saw-whet and Boreal
Owl (4. fimerens) tissues from mainland populations
with no access to marne foods, these authors were
able to construct a two-source dietary input model for
both muscle and collapen tissues of owls. The madel
based on muscle provided dictary estimates for a
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pericd of about a month (see above) and revealed a
dependence on marine amphipods ranging from zero
to complete. However, the analysis of collagen from
the carne individuals showed no long-term dependence
on amphipods. Thus, it was was concluded that the
owls that foraged intertidally on amphipods wers
either opportunistic or depended upon this faed souree
only for shott pericds during the nonbreeding Seas0n.

Alexander et al. {1996} recently applied & < and
5N analyses of tissues and prey of Long-billed
Dowitchers  (Limnodromus  scolepuceus),  Stlt
Sandpipers (Cafidris himanropus), and Hudsoman
tLimesa haemasiicay and Marbled Godwits (L. fedpa)
at an inland migratory stopover in Saskatchewan.
Alexander et al. (1994) noted the broad isotopic range
of dietary samples including highly entiched §c
values for sapo pondweed tubers (Pofamogeton
pectinaius) and were able to demonstrate that godwats
relied primanly on tubers, wheteas the other species
fed mostly on invertebrates. By analyzing a time series
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of bver samples in birds throughout the stopover
period, they were able to monitor dietary change
through time for each speeies. However, the authors
cautioned that researchers vsing stable isotopes to
assess migratory shorebird diets should be aware of
possible  complications arising  from  isotopic
variability within prey types, even over small
geographic ranges. High isctopic vaniability at inland
agro-wetland complexes may preclude reliable
isotopic assessment of shorebird diets due to chllz:r
input, ammenification (i.e., the enrichment of seil "N
due to a loss of isotopically lighter ammonta through
evaporation) and often pronounced chemical
differences between wetlands.

Using stable isotopes to trace
nutrients to reproduction

Orher elements with stable-isotope values thai are
typically enriched in marine versus terrestrial
foodwebs include sulfur, hydropen and nitrogen (Fry
and Sherr 1988; Michener and Schell 1994). The
occurrence of isotopically distinct inputs bo various
systems also forms the basis for using stable-isotope
measurements 1o trace sources of pollutants in
foodwebs (reviewed by Macke and Cstrom 1994).

Dietary shifts in birds from terrestdal or
freshwater C-3 to manne ecosystems (and vice versa)
influence isotopic signatures in a vanety of tissues
{Hobson 1986, 1990; Mizutani et al. 1990; Thompson
and Furness 19953, Bird eggs are particularly
amenable 10 this type of analysis since nutrients
required for egp production are derived ultimately
from the diet of the laying female (von Schimding et
al. 1982; Schaffner and Swart 1991; Hobson 1995;
Jarman ct al. 1996). In their recent examination of
seabird sggs and marine prey, Jarman et al. (1996)
suggested that the combined use of contaminant and
stablc-isotope enalyses of egg proteins and lipids
might provide information on the allocation of
endogenons versus exogencus lipid reserves to eges.
This, together with the isotopic imvestigations of
Hobsom (1995) using captive-raised birds, clearly
suggests that stable isotopic analyses of vanous egg
components can provide information on the source of
nutrients in egg production.

Although birds might be expected typically 1o
synthesize egg proteins directly from diet, systematic
declines in somatic protein in Tespons¢ ko prokein
demands during cpg  production have been
demonstrated  in wild waterfowl (reviewed by
Ahsauskas and Ankney 1992; see also Houston et al.
1995; Williams 1996). [n such cases, the occurrence of
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carbon or sulfur from proteins onginating in body
reserves that were in urn derived from areas separate
from the breeding grounds is possible. Lipid nutrient
storage pricr to reproduction has been demonstrated in
waterfow] (Ahsauskas and Ankney 1992; but see
Pernins 1996} and it was this component of eges that
we assumed would have the greatest likelihood of
providing isstopic evidence for transfer between
maring and freshwater systems by migrating birds,

Hobson et al. {1997) performed 8 C and 3 S
analyses on eggs of two migeatory species of fish-
eating birds, Caspian Terns {Srernz caspia) and
Double-crested Cormorants (Phalecrocoray quritus)
from Lake Ontzrie, Canada, to examine the extent to
which nutrient reserves acquired on marine wintering
grounds are transferred to epps laid on freshwater
breeding grounds. In order to establish isotopic
patterns typical of eges of birds using marine and
freshwater C-3 biomes, eggs of Herring Gulls {Lans
argentaius), a year-round resident on the Great Lakes,
and thoze of Caspian Terns and Herring Gulls,
breeding respectively in the Gulf Coast of Texas and
Atlantic coast of Canada, were apalyzed isotopically.
[ndividual ege compenents showed distinet isotope
values that were similar for both migratory and non-
migratory birds breeding on Lake Ontario and were
significantly lighter than those from species breeding
in a marine biome. Hence, there appears to be linle
cvidence for significant nuinent transfer between the
two biomes. The intermediate isctope values shown
for egg companents of Hermng Gulls breeding on the
Atlantic coast sugpest nutrient input from terrestral as
well as marine sources. These results indicated the
utilicy of stable-isotope analysis for tracing endo-
genous and exogenous contributions to reproduction in
birds and further validated the vse of migratory birds
as indicaters of breeding area contamanant levels and
their effects on the Great Lakes.

Trophic relationships

Nurnerous studies have demcnsxratcd a step-wise
trophic enrichment of "N in marine foodwebs
irevicwed by Michener and Schell 1994). However, it
has only been relatively recently that this approach has
been applied to studies of seabirds Hobson {1990} who
measured archived tissuzes of Marbled Murrelets from
coastal Brtish Columbia. This study provided the
impetus to expand isotopic investigations to whole
seabird communitics and Hobson and Weleh (1992)
then investigated stable-carbon and nitrogen isctope
ratios in the high arctic foodweb of Lancaster Sound.
That study, based on an analysiz of particolate orgame
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matter (POM) through polar bears (Lirsus marmmus}
showed an overall tophic enncl‘umm of 3.8%a for N
and little or no trophic effect for "C. Within marine
birds, Dovekie {Affe afle) and Common Eider
{Somateria mollissima) were shown to occupy lower
trophic levels than the more piscivorous Thick-billed
Murre {Lria lomvia) and Black Guillemot (Cepphus
gry!te). The highest trophic level was determined for
Glaucous Gull {Larus Ayperborens) that in mrn fed to
some degree on murre chicks. Hobson (1993)
extended this work by modelling short-, intermediate,
and long-termn trophic positions of the Lancaster
Sound seabird community by considering isotope
ratios of liver, muscle, and bene collagen, respectively.
[mportantly, Hobson (1993} refined these models by
using tissue-dependent isotopic fractionation factors
determined from sudies of captive Ring-billed Gulls
{Hobson and Cladk 1992h).

Following the ininal work in Lancaster Sound,
Hobson et al, {1994} then applied a similar approach to
delineating a more compiex seabird commumity
involving 22 species in the Gulf of Alaska. Both the
Lancaster Sound and Gulf of Alaska studies revealed
that lower trophic-level organisms were mmore
important to several seabirds than was previously
recognized. [n addition, these studies also clearly
demonstrated that mshm*c or benthic feadlng species
were more enriched in | C than thosc specics feeding
offshore on more pelagic foodwebs (see also Hobson
et al. 1995}, The isoiope approach proved valuable,
then, in delineating both spatial and trophic aspects of
seabird feeding relationships.

An interasting further application of trophic
delineation of seabirds using swable-nitrogen isclope
analyses was the isotopic investigation of the diet of
the extinct Great Auk (Pimguinus impmms] Hobmn
and Monteveechi (1991} measured §C and 3N
values in bone collagen of adull and juvenile Great
Auks excavated at Funk [sland, Newfoundland, and
determined that adult birds fed at a wophic continuum
from crustaceans through piscivorous fish. The few
juveniles measursd occupied low trophic positions.
These results led to the hypothesis that chicks may
have been fed large quantities of euphausiids by
regurgitation, suggesting further a greater evolubionary
convergence between Great Auks and southern
hemisphere penguins than was previously thought
{Prince and Harris 1983).

Following the very clear demonstration of the
value of an isotope approach to scabird studics
{(Hobson et al. 1994), other researchers have since
applied this technigue. Motably, Thompson et al
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(1995} investigated historical and contemporary diets
of Morthern Fulmars (Fuimarus gfacfaﬁ::? from wo
northeast Atlantic colonics by analyzing & C and & N
values in archived feathers. These authors provided
isotopic evidence for a change in trophic level
following the end of whaling when offal apparently
became less available {see also Thompson and Furness
1995). Minami et al. {(}1795) investigated stable-carbon
and nitropen isotope ratios in pectoral musele of Sooty
(Puffinus griseus) and Short-tailed (B tenuirostris)
Shearwaters during their northward migration in the
Morth Pacific Ocean and provided evidence for
changes in dietary preference during this period. That
work was r:unnnued by Minami and Ogi {1997} who
also used 5 N values in Sooty Shearwaters (o infer
mipratory pathway uscd by individuals to reach the
Maorth Pacific. Recently, Gould &t al. {19%7)
investigated trophic relationships of albatrosses
associated with squid drifinet fisheries in the Norh
Pacific Goean and provided evidence for differences in
diet among species. Although not trophic
determination studics per e, a few researchers have
also used stable nitrogen isctope ratios of soils 1n order
to delineate locations of historical seabird rookeries
(Mizutani et al. 1986, 1991b.c; Mirutani and Wada
1988).

Tracking migratory birds

Most songbirds that breed in temperate forests of
Morth Amenica migrate annually to wintering zites in
the southern United States or nectropics {Hagan and
Johnston 1992; Finch and Stangel 1993). However,
virtually no information exists on links between
discrete breeding and wintering areas. This lack of
information is of particular concern because
neotropical migrant songhirds have shown dramatic
declines in recent decades (Robbins et ai. 1939, Hagan
et al. 1992: Robbins <t al. 1993, Askins et al. 1990;
Sherry and Holmes 1993; Rappole and MacDonald
1994}, Essential to the conscrvation of these songbirds
i5 an ability to link breeding and wintering populations
{Myers et al. 1987, Sherry and Holmes 1995,
Chamberlain et al. 1997), especially since many
species are philopatrie (o wintering as well as breeding
sites (Oreenwood and Harvey 1932, Rappole et al
§983, 1992, Holmes and Sherry 1892). Such
information would conmribute to understanding factors
influencing population regulation in these species and
would be a powerful tool in their profection sinee
conservation cfforts could be matched at both ends of
migration routes and at intermediatc migratory
stopover sites (Moore and Simons 1992). To date, it
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has been difficult to trace migratory paths of
neotropical songbird pepulations by marking with
bands or transmiters, throupgh the use of molecular
techniques (Moeore and Simmons 1992; Wenink et al.
1994} or through behavioural characters {(e.g.,
DeWolfc and Baptista 1995). However, the recent
measurcment of naturally-occurring stable isotopes in
animal tissues has been wuwsed to  delineate
geographically-distinct populations (van der Merwe ct
al. 19%0; Vogetl et al. 1950; Alisauskas and Hobson
1993) and this approach may also be suitable for the
study of migrant songbirds {Chamberlain et al. 1997,
Kelly and Finch 1998).

Stable-hydrogen  isotope ratioz (D) in
precipitation show continent-wide patterns (Sheppard
et al. 1969, Tayloer 1974) with a general trend of
decreasing S0 im precipitation from the Gulf of
Mexico across the North Amenican continent to hkipher
latitudes in a northwesterly direction (reviewed by
Cormie et al. 1994; Figure 1}, Previous studies have
shown that 8D signatures in rainfall during the
growing season are transleted to plant biomass and
higher trophic-level comsumers (Shiegl and Vogel
L97); Estep and Dabrowski 1980; Yapp and Epstein
1982; Corme &t al. 1994}  For birds, the non-
exchangeable isotopic composition of feathers (i.2. the
signature that remains fixed following feather
formation) reflect diet only during the period of
feather growth {e.g., Hobson and Clark 1992a). Since
many species of migrant songbirds grow feathers on or
cloze 1o their breeding grounds before migration, the
A0 values of the non- exchangeable hydrogen fraction
of their feathers should be correlated with 50 values
for local growing season precipitation (6D.).
Preliminary evidence for the use of 50 analysis of bird
feathers to discerm the ongin of feather prowth was
provided by Chamberlain et al. (1997) in their study of
Black-throated  Blue  Warblers  {Dendroica
caertifescens) breeding along a north-sorith gradient of
the eastern seaboasrd of the United States. These
augthors demonstrated that denterium values in whele
feathers, including exchangeable and non-
exchangeable components {8Dp), were correlated with
those they expected from rainfall in areas where birds
were sampled.

Hobson and Wassenaar {1997) expanded on these
Findings by mvestigating 8D patterns in songbird
feathers on a continental scale. Moreover, becaose
there have been no experimental studies investigating
relatianships between 8D; and 8D in diets of birds
under controlled conditions, they conducted studies on
captive birds to investigate patterns of isotopic
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fractionation in $ between whole diet and feathers,
Hobson and Wassenaar (1997) examined the
relationship between: 8D in wild passennes and 8D,
from their breeding locations actoss North America in
order to see if the kydrogen isotope technique could be
applied broadly and across species of similar trophic
level. At a wintering site in Guatemala, they also
tested this technique by examining 8D of wintering
songbirds having both broad and nartvw bresding
distnbutions in Morth America. A sitong positive
correlation between 5Dy and 8D, (F=0.83) was found.
This indicates that songbird 8D reflects 5D in arzas
where feathers were grown and that the technique is
largely independent of species cocupying a particular
trephic level. Hobson and Wassenaar (1997) observed
also that 8Dy for hatch-year Least Flycatchers
(Empidonax minimtis} were siprificantly Jower than
those of adults (i.e. -102.6+2.4 wversus -66.1+5.4,
n=7.8, =581, p<0.001) This observation was
comsistent with the fact that adulis of this species
moult and grow new flight feathers gffer their
migration to Central America where 8D, is heavier
than at Canadian breeding sites. The results of 8D
analyses of wintering neotropical migrants in
Guaternala illusirated the utility of this approach for
linking breeding and wintering grounds.

A potential limitation 1o the general application of
8D measurements to food web studies is the exchange
of hydrogen betwesn ambient emdronment and non-
carbon bonded (t.g., O-H and MN-H) hydrogen in
otganic matter (DeNiro and Epstein 1981;
Schimmelmann 1991; Schimmelmann & al. 1993;
Commie et al. 1994). In varons crganic materials,
hydrogen bound to oxygen and nitrogen is known to
exchange with hydrogen in local water vapor, thereby
presenting problems of interpretation and analysis. In
the study of Hobsom and Wassenaar {1997) and that of
Chamberlain et al. (1997), 8D, measurements were
made without correcting for possible isotepic
exchange between feather samples and local water
vapor. However, both studies demonstrate a strong
relationship between 80, and 8D, where feathers were
grown and not where they were analyzed, Of the 40%
of hydrogen occurming in keratin that is potentially
exchangeable (i.e. that bonded to oxygen or nitrogen)
only 15% or less appears to exchange with ambient
water vapor, a process taking approximately 2 wecks
{Chamberlain et al. 1997). Nonetheless, it will be
necessary to address this issue, particularly in cases
where bird feathers are retrieved from the wintening
grounds for those species known to migrate between
areas encompassing 2 broad gradient in 8D, [n such
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cases, it will be necessary to equilibriate all feathers
with warer of known isotopic composition or extract
only the non-cxchangeable fraction of keratin pricr to
isotopic analysis (e.g., Schimmelman et al 1993;
Cormie et al. 1994; Chamberlain et al. 19973, Such
procedures would alse allow companson of hydrogen
isotope data for feathers between labomtores.

The udlity of using 80; measurements o link
breeding and wintening sites of neotropical miprants
will vary according 1o individual species’ ecology and
disttibution, and the use of additional stable isotopes
may also better segregate individuals or populations
{van der Merwe et al. 1990; Vogel et al 199(:
Alisauskas and Hobson 1993; Chamberlain et al.
1957, In addition, refincments to our knowledge of
the distmbution of stable hydropen isotope ratios in
rainfall and how these relate to local foodwebs
involving migratory birds, will allow corrresponding
improvementts in our ability to link breeding and
wintering sites. However, despite the need for further
refinements, the large hydrogen isctopic gradient in
rain across North America currently allows the ready
discrimination of distinet breeding populations of
sompbitds and other orgamisms. This phenomencn
provides a new means of associating birds on their
wintering grounds to general areas in North America
where their feathers were grown,

Future directions

The measurement of naturally-sccurting  stable
isotopes of several elements to elucidate the ecology
of individual species or conununities of birds has
undergone tremendous growth during the last decade
and cover a broad spectrum of applications (Table 4).
Hewever, there are areas of 1sotopic research that
should be encouraged in order for the field to progress.
One area of immediate interest is the continuation of
studies using captive birds raised on controlled diets in
order to improve our understanding of isotopic

Hobson

fractiomation Factors between diet and several tissues
(se¢ also Gannes et al. 1997). The cather stadies of
Hobson and Clark (1992a,b) and Mizutani et al. {1991,
19921 nwst be considered preliminary. A better
understanding of how fractionation factors are affected
by diet is also required, and the hypotheses of Hobson
{1995) regarding the influence of carnivory and
herbivory on isotope fractionation involved in the
synthesis of ¢gg components need t0 be confirmed.
Captive studies could also be used to better understand
the behavior of hydrogen and sulfur isstopes in
foodwebs involving birds. Both of these isotopes are
currently much underused and ouwr knowledge of
factors influencing their fractionation and abundance
in nature is ruditmentary. Future applications of stable
isotope analyses will also provide a direct means of
quantifying the role of endogenous and exogenous
reserves to reproduction in a wide vaniety of species
and will likely put to resl a number of outstanding
questions and controversies in this area of avian
reproductive physiclogy and ecology.

Tor date, the vast majority of isotopic applications
1o foodweb studies have focused on bulk tissues such
as muscle, liver, blood and feathers. However, with
changing technology it is now possible to look at
isotopic signatures of individual amino acids and faty
acids (e.g., Macko et al. 1983; Abrajano et al. 19%4).
Analysis of these compornents may allow 2 more
refined means of tracing source of feeding in birds
stnce it allows the tracing of those essential materials
that are necessarily derived only from diet and not
synthesized within the animal.

The recenl development of the use of stable
hydrogen isotope analysis to track migratery bards and
other wildlife represents an extremely exciting area of
research, pammicularly when inegrated with other
marker or tracer techniques such as DNA and trace
element analysis. This approach may provide the onty
viable means of linking breeding and wintering areas

Table 4. Summary of the typical applications of stable isotope analyses te avian ecological studies,

Application Typical Tissues Isotope() Approzimate
Cost'sample

(19985}

Source of feeding:
C, versus C,, CAM muscle, blood, feather, eggs bc $10-15
marine versus terrestrial/freshwater  muscle, blood, feather, eggs  'C, Y8, "N, ¥'5r,5%0 $10-60
inshore versus offshore muscle, blood, feather, eggs 3o, Mg $10-60
Trophic level: muscle, blood, feather, eggs 13N, ¢ $10-20

Matal origin and migration rouie:

keratin (Feather, nail, bill)

D, '*07?, ¥8r,'C 100
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for small migratory songbirds. An important avenue of
rescarch in this regard will be the development of morc
accurate isotopic maps of North America and an
understanding of the scope of variablity m patterns of
L¥H in rainfall between years.

Finally, while [ have espoused the virtues of using
stable isctope analyses in ecolopical mvestigations
invelving birds, it is impertant to realize that this
approach canncot, nor should it, replace more
traditional methods. [nstead, it 15 very clear that, for
dietary studies, stable isotope analyses wafl rather
augment those methods that provide more taxonomic
information {see Sydeman et al. 1997). Nonetheless,
the renewed interest in how birds fit into larger
tcosystems and their possible roles as ecolopical
indicators {e.g., Furness and Greenweod 1993),
suggests that the stable isotope approach will provide
new information that could not be obtained using any
other techniques.
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Population studies of Marblaed Murrelets
{Brachyramphus marmoratus) in British Columbia

Fred Coolwa

Abstract

We describe a novel epproach to the study of a population of forest nesting scabimds (Marbled Murrclets
Brachyramphus marmeratis) which arc thought to be declining as a result of vatious potentfal threats o their
environment. This 1s the first research on this species which makes wide use of individually marked birds. It was made
possible through the development of two capture techniques; (1) a floating mist net system which can be used in
narrow coastal infets close to where the birds breed and {2) using dip nets at night. These techniques not only led 1o
the marking of more than 1000 birds for a population based study, but allowed the collection of bleod samples for
physiological examination of breeding status in the absence of a large sample of birds at nests. We provide the first
evidence of breeding ares philopatry in this species. We also degument the first longevity record for the species. Using
a newly developed sexing technique based on DNA technology, which could have wide appheation for other seabird
studies, we found a large excess of males in our marked population, This probably reflects a differential tendency of
males to be captured, and may reflect a greater tendency of males to fly into the woods.

Résumé

Nous décrivens une nouvelle approche pour 'étude d*une population d'oiseaux de mer (Alque marbré, Brachytamphus
marmoras) nichant en forét et que 'on croit en déclin, 3 cause de plusieurs menaces petentielles sur leur
environnement. C’est la premmigre éude sur cette espéce qui utilise des oiseaux marqués individuellement. Cee fut rendu
possible grice au développement de deux techniques de capture ; (1) un systéme de filets japonais flottants qui peut &re
utilisé dans les fjords étroits prés des sites de nidification et (2) 12 capture nocturne sur 'eau & aide d'épuisettes, Ces
techmiques ont permis non seulement de manquer plus de 1,000 mstaux pour une étude de population, mais ont aussi
permis la récelte d'&chantiilons sanguing pour des émdes physiologiques du statut de nidification étant donné I'absence
¢ échantillons d'oiseanx au nid. Nous présentons la premiére évidence de philopatrie awx sites de mdification chez cette
espéce. Nous documentons aussi le premier record de longéwvité pour 1'espéce. Nous avens démontré un excés de méles
dans notre population marquée en utilisant une technique nouvellement dévelzppée, basée sur les analyses 4 ADN,
technique qui pourtait avoir une application plus largs pour I"étude dautres populations d'ciseaus de mer. Ce blais en
faveur des mdles reflése probablcment un taux de capture plus élevé pour les méles et peut aussi refléter une tendance
plus forte des méles & fréquentet la foorée,

X

Fred Cooke, Chair of Wildiife Ecology, Department of Biological Seiences, Simon Fraser University, Burnaby,
British Columbia, Canada V5A 156, (frockei@sie ca)

Introduction

hiuch avian research associated with Canadian forests
has emphasized a multi-species approach. By contrast,
the work which we descnbe focuses om a single
specics, the Marbled Murrclet (Brachyramphus
marmorarus), that is thought to be vulnerable to the
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changes in forest ecosystems which result from
forcstry praciices. The research program was planned
as a cooperative one ameng several agencies, the
Canadian Witdlife Service™ational Science and
Engineering Rescarch Council Chair of Wildhfe
Ecoltogy al Simon Fraser Urniversity, the Britsh
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Columbia Ministty of Forests (MOF) and the
Canadian Wildlife Service (CWS). The work has been
directed by Andrew Derocher and Louise Waterhouse
{MOF), Gary Kaiser, Sean Boyd and Kathy Martin
fCWS), and Tony Williams and Fred Cooke of the
CWS/NSERC Chair of Wildlife Ecology at Simen
Fraser University. Many graduate and summer
students have been involved in the data coliection and
this paper represents an overview of the work.

The Matbled Murrelet is a small alcid which is
widely distributed along the Pacific coast of North
America, and in British Columbia has been found
nesting enly in coastal old-prowth forests. There are
several reasons for comcern for the conservation of
these birds. Firstly, they are unique among alcids in
that they nest solitarily or in loose associations in large
trees, usally within 69 kilometers of the sea {Hamer
and Melson 1995a). These areas are susceptible 1o
logging and development. Secondly, they have an
apparent dependence for nest sites located atep large
side branches of old-growih coniferous trees (Hamer
and Nelson 1995a). Trees are usuaily at least 100 years
old before such side branches develop which are large
enough to accommodats a nest and these trees are in
great demand by the Tumber industry. Thirdly,
throughout the year Lhey require marine habitat for
their food supply, mainly small fishes such as Sand
Lance {dmmodyies hexapterus) and tend to be found
close to the shore (Carter and Sealy 19%0). This
habitat 1s increasingly used by human populations on
the Pacific coast. Potential threats include gill-netting,
oyster leases, oil spills, increased recreational usage
and urban development with its production of toxic
waste (Fry 1995). Fourthly, the murrelet is a species
with low fecundity {Netson and Hamer 1995} and 15
suspected of having a late ape of sexual maturty
{Sealy 1995), as are other members of the Alcidas
{Nettleship 1996}, [t lays only one egg per clutch, and
thers is no evidence of more than one nesting attempt
per year. [tis assumed to be fong lived but there is no
gvidence on this point. In such species increases in
adult mortality could affect population viability.
Fifihly, frapmentaticon of forests may make their nests
maore vulnerable to predation, particularly by Common
Ravens (Comus corax), Notthem Flying Squirrels
{Glaucomys sabrinus) and Stellers Jay (Cvanociite
stelferf). Low nest success has been recorded in arcas
where there has already been much destruction of old
growth forests (Nelson and Hamer 1995).

Research on the Marbled Murrelet in Brinsh
Columbia is a wajor challenge to Weologists and
conservationists because of its stcretive habits, The
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first active nest in the province was found only in 1993
(Jones 1993). The specics is classified as threatened or
endangered by the U5, Fish and Wildlife Service in
Washington, Oregon and California, as well as by the
State of California and is red-listed in the Province of
British Columbia. In Canada, 1t is a nationally
threatened species and there is a Marbled Murrelet
Recovery Team, chaired by Anne Harfenist of the
Canadian Wildlife Service. There is a widespread
public belief that the population is under threat from
logging practices, but very little solid information
exists about either population changes or the
requirements needed ko maintain healthy populations.
Provincial government goidelines through the British
Columbia Forest Practices Code are planned to
provide provisions for setting aside areas where eld
growth forest will be maintained when therc 1s
evidence of activity (preferably nesting) of this
species. These guidelines arose partly as a result of
concerni for habitat protection and the Marbled
Murrelet came to represent a symbol in some quarters
of the need for protection of biediversity. The areas
which may be set aside represent large reductions in
the profitzbility of the foresis 1o the logging
companies, and so naturally thete is concemn that the
right areas are chosen from the perspective of the
needs of the species. From the point of view of both
the public and the companies, it was impottant to be
sure that this protection of this species is based on
solid science and that the measures taken will in fact
help the species.

Much research to date has concentrated on
determining standardized methods for agsessing
numbers of birds both in the manine and forest habitats
with a view to monttoring distnbution, population
changes and habitat requirements, Although recent
wirk has concentraied on studying the demographic
processes necessary to understand the population
dynamics of the species, the elusiveness of the nesting
behaviour and lack of warked populations has made
progress slow. A population medel of the species by
Beissinger (1995} had to rely on limited data for some
of the parameters and infetence from other species of
alcids for others.

Wc adopted a demographic approach in ovur
studies which concenmtrates on two gquestions: (1) [s
thers evidence for declines in the British Columbia
poputations? and (2) If so, what arc the moportant
components of the life cycle which are responsible for
these chanpes?

Trends in murrelet populations are nol gasy to
detzct and often depend on reports from naturalists.
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Perhaps the best evidence of decline comes from
historical data from Califormia, where the only
lecations where birds can still be found at sea are those
areas adjacent to residual areas of old growth
Redwood {Sequoia sempervirens) in the northern and
central parts of the State (Ralph 1994},

Most information on population levels is based on
two sorts of counts {i.e. at sea and in the forest) and for
both, teams of biclogisis have established standard
protocols (Ralph etal. 1994, Paton, 1995; Strong et al.
1995}, These are, however, subject to considerable
sampling variance and  environmentally induced
flucnuations and have been of limited utility 1o dzte n
documenting long-term trends {Becker et aj. 997},
Moareover piven the presumed high anmual survival
rates of this species, even if thers had been marked
changes in demographic patterns of fecundity, it might
be difficult to detect dechnes from counting. Angther
approach invelves finding and ohserving nests (Hamer
and Nelson {9%5b), but sample sizes are stll
extremely small despite much effort. This tells us
something of the breeding biclegy, but little about
demapraphic changes or evidence for anthrepogenic
effects on the population.

We [elt that a new approach was necessary,
beyond counts and nest observations. To carry out a
demographic study, it is essential, first, to catch and
individually mark a large population, and second, to
folipw the breeding success of individuals within and
between seasonz. Even though this is a daunting task
for a species as difficult to study as Marbled
Murrelets, because of the potential conservation
threats, we thought it to be of sufficient importance o
Ty,

This seemingly impossible task for Marbled
Mumelets may seem a foolbardy rescarch  project
except for three recent innovations: {1) Development
of a caprure method. We use a floating must-net
technique (Kaiser et al. 1995) which allowed us to
catch large numbers in the Desoglation Sound Area,
where many birds eceur duting the breeding season,
More recently we have used a dip-netting techmique
whereby birds are collecied from the open waler a1
night using small boats. {2) 1o addition to studying the
breeding biology by finding nests, we decided to
comeentrate on monitoting the physiological state of
the birds in the nesting arsa duning the breeding season
by catching them in the inlets. Physiological and
morpholegical changes would give us some
indications of nesting phenclogy and should also
enable us to determine breeding versus non-breeding
status in the population. (We do not repert on the
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physiological aspects of the work here). (3) Recent
developments in molecular methods for sexing birds
from blood samples (Griffiths et al. 1996) allowed us
to sex individuals, since in common with all seabirds,
it is almest impossible to do this by morphological
methods alone. The ability to know the sex of the
individual birds allows many more demographic
questions to be azked.

The ohjectives of this paper are to: (1) describe
the approach we have taken to establish a demographic
study of the Marbled Murrelet in British Columbia; (2)
report on some of our early findings; and (3) 1o place
these findings within the context of the many other
research stadies on this species.

Methods

We chose the Desclation Sound area located in the
Northern part of the Strait of Georgia, Brtish
Columbia, as the mayer study site because larpe
nurnbers of Marbled Murrelets were known to be in
the area during the breeding season and because of a
history of studies on this species in this area (Kaiser et
al. 1991; Mahon et al. 1992). Theodozia [nlet {S0° D5
N, 124°40" W) was chosen as gur banding site becanse
large numbers fly through this narmow (<2m) inlet
during the dawn and dusk periods. We also chose an
area of potential nesting habitat in the Bunster Range
{within 30 km of the banding site) for a detailed
nesting area study.

We used a seties of floating mist nets comprising
up to two arrays of three 18 m news, which could be
strung out across a large part of the indet. The poles are
inserted into a flotation device which is attached by
rope to the shore and to an znchored buoy located
beyond the nets from the shore line, A pulley system
berween the shore and the buoy allows the nets 1o be
put in place from the shoreline. Mets are attended using
small boats. This systemn is described in more detail in
Kaiser et al. (1995). Nets wete in place most evenings
from 2100h to aboul 2315k (PDT} and most motnings
from 0400h to 0630h fram late May until mid August.
[n addition to processing all binds caught, we make a
count of those birds seen flying over and areund the
nets, and record direction of flight of all birds.

Birds caught were weighed and measured for
tarsus, culmen and wing chord The presence or
absence, and condition of a brood patch werc
recorded. Some birds rectived supplemental markers
such as nasal disks, wing-tags and mdios (Cooke et al.
1993}, A small Blood sample was taken for twe major
reasons. It provided samples of: (a) DNA  to
determine the sex of the birds using a madificabion of
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the method described by Griffiths et al. (1996); and (b)
blood proteins, enrymes and hormones, which might
be usefi] in assisting us in determining the stage in the
breeding cycle of the binds.

Nest finding was an essential, though not

dominant focus of the research; it was required to
provide a temporal framework for interpreting the
information gathered from the birds in the injet. We
used two approaches for finding nests: {1} by atiaching
radio transmitters to birds caught on the inlet, we
hoped to follow them to nest sites, thus not biasing the
sample of nesting birds to locations and habitats where
we suspected breeding, (2) by placing a field erew in
the Bunster Range during and after the nesting peniod,
we located birds as they visited specific nesting trees,
which we Jater climbad to find actual nest sites.
The study began in 1994, though exploratory banding
was carcried out in 1991 and 1993, We document cur
findings from the banding data for the years 1954
through 1997, Other results ars in the process of being
reported elsewhere.

Results

Surveys

The only published documentation of population
changes in British Columbia comes from at-sea
surveys repeated scveral years apart {Kelson et al.
1995) They decumented a decrease in numbers during
the period. We have carried out at-sta surveys in the
Desolation Sound ares using standard techniques, but

Table 1. Comparisons of average numbers of all
waterbirds (A"} and Matbled Murrelet ("MAMLE')
counts at Boundary Bay, British Columbia, 1980-81
fSavard 1988} and 1994-05 (Cocke 1998),

1980/81 1994/95
Monith Al MAMU All  MAMU
Nov G355 4 4010 ]
Dec 5401 A 3142 0
Jan 3255 2 3354 1]
Fetz 2173 0 1370 0
May 75 1 2430 0
Jun iz 42 417 0
Tuly 899 3 725 |
Aug 751 2 B L
Total 20211 &6 L6092 2
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have not vet encugh vyears of data for useful
comparisons. Thus our only evidence for population
change comes from a different Brtish Columbia
population in the Strait of Georgia, that in Boundary
Bay. Casual chservations m this arza showed Marbled
Murrelet as a common bird in the region particalarly
during the summer.

We compared a published survey {Savard 1988),
which documents all waterbirds seen along a 6 km
stretch of shoreline betwsen Crescent Beach and
White Rock, British Columbia, in the winter of 1980
&1, with a survey using similar methods carried out by
volunteers from the White Rock and Surrey
Natnralists in 1994-95 (Cooks 1996). Table |
documnents the average number of Marbled Murrelets
relative to other water birds in the months when
surveys were made in the respective years. There has
been a highly significant decline in murrelets numbers
between 1980 and 1995 relative to other waterbird
species numbers in this region {* = T8.%; p<0.001}.
Subsequent counts m 1996 and 1997 showed that
harbled Murrelets continued to be wvery rare
througheut the year in this area; in fact, no birds of this
species wete seen in gither year These findings are
consistent with more casual observations made by
naturalists in the area.

Captures and recaptures

Table 2 documems the number of birds caught and
recaptured in rrast nets for each season up to 1997
Within season recaptures are not included. Years 1991
and 1993 were sssentially experimental seasoms when
we developed the banding and capture techniques.
Since 1994, we have been operating the station
throughout the summer season, from late May until
early August, coinciding with the period when
Marbiled Murrelers flew along the inlet. A full banding
crew was present during this time and nets were
operating whenever tide and weather permitted. Both
gvening and early morning banding scssions were
cartied out where possible. Roughly equal numbers
were caught in each time period (Derocher et al
1926). Of the birds caught, 34% (416 7 494} were
captured as they flew out of the inlet in beth motning
and evening banding sessions; the rest were flying into
the inlet. A slightly higher proportion of birds (90%,
2454/2852) detected by radar in 1996 and 1997 were
flying out of the mlet. This difference is significant (3
= 10.06, p=0.01}. All birds caught were adults and all
had brood patches, although lare in the season most
birds were showing sigms of re-feathering.
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Table 2. Numbers of Markled Murrelets banded and recaptured by mist net in Theodosia Inlet, British Columbia,

1901 - &7, Within-year recaptures excluded.

Year recapinred No. and (%) of
Year banded Number banded 1993 1994 1995 1996 1997 cobort recaptured

1991 21 0 0 ] 0 2 3(14)
1993 15 1 ] 0 2(13)
1994 173 ? 4 ] 20{L3)
1995 189 6 22 30{15)
1996 95 5 5{6)
1997 172

Total 685 1 G 10 38 58120

* Percentage excludes birds first banded in 1997.

Sex ratios

One of the surprising featres of the study was the
finding of a highly skewed sex ratio among the birds
which we caught (Table 3}, There was no significant
variation in this ratic throughout the banding pericd,
not any difference in the ratios in the moming and
evening sessions {Vanderkist et al. 1999},

Table 3. Numbers of Marbled Murrelets of each sex
in the samples of birds caught in mist nets at
Theodosia Inlet, Brtish Columbiz, 1964-1997.

Year Males Females Taotal Rex

rathe
1994 48 19 47 2.5:1
1995 &0 42 122 151
1996 56 i3 105 L.7:1
. 121 45 1 1.5:1
Total 275 153 428 1.8:1

Nests

Dpe nast tree was found in 1994, 3 in 1995, 23 in 1996
and 30 in 1997, for 2 total of 62 nest trees, mostly in
our main study area in the Bunster Range. Only the
nest found in 1994 was located by attaching radic
transmitters to the birds, although in 1998 we had great
success with this approach. The others were found by
visual detection during the season or by tree climbing
later. OFf these, 25% of the trees contained more than
cne nest, which suggesis fhat they had been used for
more than omne breeding attemnpt, though not
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mecessarily in the same breeding season {Manley
1999},

Discussion

This paper presents a few highlights of a systematic
long-term study of a seabird species that has proven
difficult for biologists to stmdy. Our documentation of
population declines in the Strait of Georpia is the only
quantitative data available to our knowledge and
emphasizes the comservation concern which has been
expressed for this species. Although this count was
made B considerable distance from the study site, it
may be symptomatic of the Strait of Georgia as a
whole. A bird banded at Desclation Sound in June
1995 was reeaptured alive in the southern Georgia
Basin in September 1996 {Beauchamp et al. 1999).

Thet development of a reliable capture technique
has allowed us to examine a live sample of nesting
birds. During the course of the study, 774 individuals
have been captured and banded through the 1997
breeding season. Most of these (n=055) were in mist
nets but 109 birds were caught by dip netting. This
demonstrates that we are able to sample larpe numbers
of murrelets for study purposes without resorting to
the eollection of dead specimens, a procedure formerly
nsed widely (e.p., Sealy 1974) but no longer
acceptable censidering the threatened stams of the
species,

Assuming brood patches are an indication of
breeding status {Sealy 1974), then all the birds caught
were breeders. It seems unlikely that all the birds
oeourting im a region during the summer would be
breeding birds, given the fact that all known species of
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Alcidae have delayed sexual maturity (Nettleship
1996) and Sealy (1974) reported non-bresders in his
sample. Since our nets intercept mainly birds flying
between forest and inlet, this stronply suggests that
only breeding birds enter and leave the forests during
the summer. Most birds were caught while leaving the
farest rather than entering it, since most were caught
flying in a seaward direction. Since as many birds must
enter the forest as leave it, this would again suggest
that we are catching birds non-randomly. Birds
detected flying over and around the nets, either by
sound, sight ot radar showed a similar strong biss
towards flying in a seaward direction, which suggests
that different routes may be used on the inward and
outward trips. An alternative sugpestion is that birds
fly at different heights in the two directions. The
dynamics of flight may cause the birds emtering the
forest to fly at a higher flight atttude than those
Jeaving., A lower altitude would allow greater
opportumity for us to catch them. This explanation
however is inconsistent with our finding that a
significantly higher proportion of birds in our radar
sample, which includes many birds which flew over
the net, were flying oot of the inlet compared to our
mist et sample.

Around 12% of the Marbled Murrelets caught in
the years 1994 throngh {997 were birds banded in a
previous year. This demonstrates for the first ime that
known individuals use the same area of inlet over a
pericd of years. Although capture-mark-recapture
{CMR) methods are typically the means used to
determine patterns of fidelity to specific sites,
difficulties  associated with catching Marbled
Murrelets and locating their nests have hitherto
precluded using this approach. This fidelity to the
region of Theodosiz Inlet supports the idea that
Marbled Murrelets are philopatric to their breeding
areas and the high local survival estimate calculated
(see below) also supports that. Diveky and Horton
{1995) summarized what is known about breeding
philopatry (i.e. the retumn of individual birds 1o
locations used in a previcus season) in Marbled
Murrelets. Evidence came solely from the necasional
re-use of nest sites in subsequent years. However,
identities of the individuals wers net ascertained and
although re-use suggests that the same birds are using
their nest sites of a previous year, there was no direct
evidence. [ndeed, if nest sites are limiting, as several
authors have argued (e.g.. Burger 1995; Hamer and
Nelson 1955), perhaps prime nest sites ane always in
demand and ere likely to be re-cccopied not
necessarily by the same binds as in previcus seasons.
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Despite the lack of direct evidence, Divoky and
Herton {1995) argued that nest-site tenacity may be
lower in Marbled Murrelets than in most other alcids.
The habit of nesting in tress would liberate this species
from the need to have high nest-site fidelity (im
contrast to other aleids) unless the number of suitable
trees and platforms becomes very limited, as likely has
happened in some pazts of its range.

The frequency of recaptured birds is high encugh
to calculate at least a preliminary local survival ate. A
value of B5% was calculated (Cooke et al. 1948; 8
Lougheed, unpublished data), but there are wide
confidence limits on this value, Nevertheless it is close
tor that assumed by Beissinger (1995) based solely on
a comparison with the bedy masses of other alcids.
More years of data are necessary before more reliable
survival estimates can be calculated.

The recapture data alse provide us with a
longevity record for Matbled Murrelets of ar least 7
years. Twe birds caught in 1991 as adults were
recaptured in 1997, If we assume delayed breeding in
this species, then these birds must be at least 8 years
old. As banding eontinues it is likely that these records
will scon be broken.

Degprte the presence of recaptured birds in our
banding samples of 1994-1997, the nomber of
recaptures is relatively lew, about 12% of those banded
prior to 1997, We can think of at least two possible
non-exclusive explanations for this. We may be
sampling from a relatively Targe population; or birds
may learn to avoid the area where the mist-netting
occurs if they have some long-term memory of the
initial capture (trap shyness). At present it is
impossible to differentiate between these possibilities.

The almost 2:1 sex ratic in favour of males was a
complete surprise to us. It seems unlikely that the
population sex ratio would be so heavily skewed
towards males, but this cannot be niled out. We have
every confidence in the method for assigning sex so it
seems more realistic to imagine that some form of
capture bias explains the unusual result. The pattern
was the same in all four szasons and there was no
evidence of changes in sex ratio at different parts of
the breeding sequence. Nets were placed across the
inlet only in late May, at a time which coincided with
the first observations of murrelets flying into the
inlets, This also coincides with the onset of the nestling
stage of the life cycle {Hamer and Nelzon 1995b), and
50 we assume that most of the birds caupght are actively
feeding young at the nest. Several birds were carrying
fish on capture. Ome possible #xplanation for the sex
ratio bias is that males feed the chicks more than the

Biclogy and Conservation of Forest Birds



Marbled Murreler studies

females, Observations at the nest (Nelson and Hamer
1995) shew that birds differ individually in plumage,
but there has been ne indication as te the sex of the
visiting birds. There is also no evidence that one parem
feeds more than another. At present this finding 35 a
puzzle for which we have no explanation. We are
continwing te examine this question, using other
methods of sampling.

The information on the nesting birds was
presented elsewhere (Manley1999) but s included
here briefly 1o provide an overview of all aspects of the
project. Ulhimately, we need to relate cor kimowiedge of
birds in the forests to what we can discover from: their
behaviour at sea. By piecing together information on
different aspects of the behaviour of the birds during
the summer months, we can slowly learmn more about
thiz eluzive species.

Qverview and future directions
The above findings show the valoe of Jong term
studies of imdividually marked birds. Such studies
provide the essential framework for detailed
demographic data collecton. This is fondamental to an
understanding of the demographic and environmental
capses of populatiom changes, and is the most effective
way of pointing to conservaticn solotions. There are
still many gaps in our knowledge hewever. Most of the
birds canght in the mist nets are well advanced in their
nesting cyele. Incubation probably bepins in Baotish
Columbia in April, and we de net catch birds until late
in May. The recently developed technique of dip-
netting birds can be carnied oot at all times of year and
will allow a mare therouph understanding of the egp-
laying and incubation pericd. It wall also allow the
capture of juvenile birds which could then provide
insight inte the crucial recruitment stage of the life
cycle. Radio telemetry provides an additional tool for
tracking incubating birds back to the nest locations,
and any nests found in this way will not be subject 10
the biases due to expectations of where the observer
thinks the nests ought to be. Radios will alzo allow
Juvenile birds to be followed after first armival on the
inlets from the nests, and will allew 2 more reliable
estimate of nesting success. To date, one of the
problems in esimanng fledging success is that late
fledging juveniles are easily confused with adulis
which undergo therr pre-alternate body mouht soon
after nesting iz finished.

Physiological approaches are valuable addwtions
to the standard ecological approaches to studying the
breeding biglogy. The use of blood sampling to

Sociery of Canadian Grnithologices Special Publication No. [, 1998

49

measore hermonal state and the existence of epg
proteins should be vseful not only to discover the
timing of nesting events from birds captured away
from the nesting sites, but also may give an indicabion
of the frequency of non-breeding and the age of first
breeding. These demographic parameters are currently
unknown in Marbled Muorrelets and indeed in most
aleids.

A long-term, capturt-mark-recapture (CME) data
set i5 essental for determining survival, longevity and
recruitment. The data we have collected to date
provides a solid beginning for the calculation of these,
but more years are needed before we can obrain
reasonably precise measures of these fundamental life
history parameters as well as provide evidence for their
annual vatiation. Omly with many more years of data
can we hope to understand the factors which influence
the murrelets, information which is necessary for wiss
conservation achion.
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Evaluating uncertainty in estimating population
trends of Marbled Murrelets

John Boulanger, Kathy Martin, Gary Kaiser,
Andrew E. Derocher

Abstract

We used a mathematical matrix model to explore life history strategies and evaluate conservation measures for the
Marbled Murrelet (Brackyramphus marmorarus), a threatened seabird species. Demographic parameter estimates for
Marbled Murrelets are crude, but existing data and allomeinic comparnisons with other seabirds suggest that both
productivity and adult survival are low. This combination of low paramneter values is not possible if populations are to
maintain stability. As a result, we examine two possible alternative life history scenarios (high survival and high
productivity} which represent the extremes of plausible murrelet parameter values, For both life history scenanios we
used a matrix model 1o conduct sensitivity analyses of life history paremeters. We found that regardless of life history
scenanio, murrelet populations are very sénsitive to chanpges in adult survival, and less sensitive to juvenile swrvival and
productivity. This leads us to conclude that reduction in adult survival may constitute the most immediate threat to
murrelet populations even if habitat loss is the most significant long-term factor affecting conservation. Our power
analyses show that only large reductions (20% reduction in adult survival, > 50% reduction in productivity) in
individual parameters would be detected in 10 years by current monitoring techniques. Resulis of recent field sudies
document lower power of most census monitoring methods. W suggest that more emphasis be placed on obtaining
estimates of adull survival and easily obtained measures of productivity such as juvenile/adult ratios using recently
refined field techniques. Given low power to detect population changes using current methods, managers and policy-
makers must implement active conservanion sirategies before researchers can detect popuiation declines statistically
and fully decoment the causes.

Résumé

Mcus avons utilisé un modéle mathématique matriciel pour explorer les stratégics d'histoire naturelle et évaluer les
mesures de canservation de 1'Alque marbré {Brachyramphus marmoratus), une espéce d'ciseau de mer menacée, Les
estimes des paraméres démographiques de 1'Alque marbré sont grossiers, Cependant, les données disponibles et les
comparaisons allométriques avec les autres espéces d'oiseanx de mer suggérent que la productivité et la survie des
adultes somt faibles. Cette combinaison de faible productivit et survie n"est pas possible 51 une population doit demeurer
stable, C'est pourquoi nous exarminans deus seénanios alternatifs (survie élevée et productivité élevée) qui représentent
les extrémes plausibles des parameétres démographiques de I"Alque marbré. Pour ces deux scénarios, nous ublilisons un
moddéle matriciel pour conduire des analyses de mobusteste des paramétres démographiques. Nous avons démontré que,
indépendamment du scénario d'histoire naturelte, les populations d"Algues sont trds sensibles aux varations dans te taux
de survie des adultes, et moins sensibles au taux de survie des juvéniles et au taux de productivité, Ceci nous améne a
conchire que la réduction dans le taux de survie des adultes pourrait constituer 1a menace la plus immédiate aux
populations d"Alques, méme si la perte d"habatats est le facteur le plus significatif affectant la conservation 3 long terme.
Motre analyse de puissance démontre que seules des réductions importanves (20% dans le taux de survie, >50%¢ dans la
preductivité} dans les paramétres démopraphiques pourraient étre détectées en 10 ans avec nos techniques actuelles de
suivi. Les résultats d'études de terrain récentes documentent une puissance méme pius réduite pour Ta plupant des
miéthades de suivi, Nous sugpérons que plus d*emphaze devrait &tre mase 4 obtenir des estimés de taux de survie des
adultes de méme que des mesures simples de producavité telles que les ratios juvéniles‘adultes en unlisant quelques
techniques de terrain récemment développées, Vi la faible puissance des méthodes actuelles a détecter des changements
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de population, les gestionnairss doivent implantet des stratégies proactives de conservation bien avant que les chercheurs
ne puissent détecter statistiquement des déclins et en docurnenler les causes.
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John Boulanger, Integrated Ecolopical Ressarch, 924 Innes Steect, Nelson, British Colombia, Canada V1L 5T2
(houlange@ecological be.ca); Kathy Martin, Centre for Applied Conservation Biology, Faculty of Forestry,
University of British Columbia, Vancouver, Bntish Columbia, Canada V6T 124, and Canadian Wildlife Service,
5421 Robertson Boad RR 1, Delta, British Columbia, Canada V4K 3M2; Gary Kaiser, Canadian Wildlife Service,
5421 Robertson Road RR1, Delta, British Columbia, Canada V4K 3N2 ; Andrew E. Derocher, British Columbia
Mimstry of Forests, 2100 Lalieux Road, Nanaime, British Columbia, Canada V9T 6E® (Corrent address:
Norwegian Polar [nstitute, Storgt. 25, Box 339, N-S30Q1, Tromse, Morway).

Introduction

Uncertainty about population sizc and IHe histery
atinbutes of rae or cryptic species i a common
problem in conservation biology.  Failuze to confront
uncertainty regarding population dynamics, and the
low power of monitoring strategies to detect chanpes
in population tremds, have been uwsed to forestall
management  decisions, sometimes leading o
disastrous population declines of cryptic species
(Ludwig et al. 1993). Evaluaton of conservahon
strategies using theoretical methods such as matrix
maodels and power analysis have been resimicted mainly
o species for which solid data exist as a result of large
investments in field research {Crouse et al. 1387,
Lande 198%; Caswell 1929; Taylor and Gerrodette
1933), However, for many cryptic species there are
insufficient datz to allow precise parameter estimates,
and as a result hittle effort has been directed at
understanding population dynamics using the rigorous
framework of a population madel. Furthermore, lintle
attempt has been made to determine the ability of
monitoring methods to detect declines  {but see
Thomas and Martin 1996},

This study focuses on the bMarbled Murrelet
(Brachyramphus marmoratus), a Pacific scabind
{Alcidae) that nests in coastal old-growth temperate
forests from California 1o Alaska.  Populations of
Marbled Murrelets face negative impacls from the
extensive loss and fragmentation of old-growth forests
as well as oil spills, fishing mortality, and other
anthropogenic distarbances.  Because of these and
related concerns, the Marbled Murrelet was degignated
as a threatened species in Canada (Rodway 1990;
Rodway et al. 1992} and in California, Oregon, 2nd
Washingtonr in the United States (Carter and Matrison
1992; Nelson and Hamer 1995; Ralph et al. 1993).
The warld population size of Marbled Murrelets has
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been estimated ar about 287,000 - 300, K individuals,
with most (zpproximately 220,900) in Alaska (Ralph
et al. 1995). A significant number of the remaining
Marbled hurrelets breed in Briish Columbia.
Despite the Marbled Murralet being a high
priority species for constrvation, many basic life
history details required for effective management are
poorly knirwn, Because Marbled Murrelets nest high
in the inner branches {next to the tree trunk} of coastal
conifers (except in some northern Alaska populations}),
their nests are very difficult to locate. Summaries of
breeding information and suspected nesting activities
for Brtish Columbia were given by Sealy {1974). The
first active nest for British Columbia was located in
1993 {Jones 1993}, Thus, estimation of productivity
parameters has been very difficult.  High spatial
variability in at-sea distributions has also hampered
estimation of survivel rates and related population
parameters (Ralph et ai. 1995). Tmproved statistical
techniques  for  estimating  productivity  from
juvenile/adult matios, and advances in technigues in
mist-netting and radic telemetry (Kaiser et al. 1995,
Becker et al. 1997; Kuletz and Kendall 1998; Cooke
1999} offer new insights into murrelet hfe history.,
However, it appears unlikely that sufficient
information will be cellecied o estimate precisely
murtelet population status before substantial declines
have occurred in most of the zoulhern part of s
distribution {Fodway et al. 1992, Ralph et al. 1995).
Adult and juvenile survival of Marbled Murrelets
are unknown. Features of their breeding biology such
as crepuscular nest anendance, cryptic plumage, and
open nests high in trécs suppests that murrelets have
low survival and atempt to aveid high predation risks
{Melson and Hamer 1995). Marbled Murrelets have
low potential productivity (1 egg per clutch, no
evidence of renesting} and apparently high lass of
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young during incubation and after fladging (DeSanto
and Melson 1995, Melson and Hamer 1993). Low
observed juvenile/zdult ratioz of Marbled Murrelets at
sta also suggest low productivity {Beissinger 1995).
In comtrast, other seabird species of similar body mass
{(guillemet Cepphus} and other murrelet species
(Symithliboramphus sp.) produce two egps per clutch
and nest on islands or in colonies that are less
vulnerable to predators. Larger alcid species such as
murres (Uria} and Razorbill (4fca torda) produce one
egg, but appear to compensate fior low fecundity with
effective breeding strategies and unusually high annual
adull survival (Hudson 1985). Owerall, allometric
comparisons of Marbled Murrelets with other
piscivorous seabirds suppest that Marbled Murrelets
show lower productivity and possibly lower survival
rates when compared 1o similar sized alcids (DeSanto
and Melson 1595),

The apparently unlikely combination of low
fecundity and Jow adult survival has caused some
authors to argue that murrelets must bave higher
survival than similar-sized alcids to maintain stable
populations {Rodway et al. 1992; Ralph et al. 1955),
Alternatively, murrelets may have higher productivity
than estimated by juvenilefadult ratios or direct
estimates of nesting success (DeSanto and Melson
1595, Ralph ¢t al. 1995). In a demographic 2nalysis
of Marbled Murrelet populations, Beissinger {|995)
compiled data from a research compendiom (Ralph et
al. 1995) to provide likely population parameter
estimates. LUsing a mainix model, he conciuded that
murrelets wers declining annually by 2-12 percent,
However, hc did not discuss the limitations on
detecting population trends given the uncertainty
about the input values available and the difficulty of
making inferences without power analyses when using
data from available monitoning methods.

In this paper we use a mathematical matnix model
coupled with statistical power analysis to evaluate
current monitgring strategies used for Marbled
Mutrelets. We conduct sensitivity analysis of several
life history parameters to compare the relative effects
of individual parameter change on popuolation
trajectories. We simulate hypothetical population
dechines, and test the power of current methods o
detect these declines. Each analysis is conducted for
two opposing hfe history scenarios which represent
the extremnes of plausible life history parameter valoes.
Using this approach we determine the robustess of
sensitivity and power analyses across a full range of
plausible parameter values. Unlike the demographic
study of Marbied Murrelets by Beissinger (1995), we
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do not attempt to predict actual population trends.
Instead, we focus on detenmining optimal strategies for
futwre research and monitoring programs.

Methods

Population model and sensitivity
analyses

To aid in the conceptual process of exploring murrelet
population dynamics we construcied a stage-based
matax medel {Caswell 1989), The patameters of the
malrix model and the life eyele model of Marbled
Murrelets are shown in Figure 1 and a mathematical
description of the model is given in Appendix 1. By
calculating the dominant eigenvalue {A) from the
matrix we can determine the future population
trajectory for a set of population parameters,  If the
population is stable, & equals one over time (if
decreasing, A <! and if increasing, A =1; Caswell
1989). We used sensitivity analysis 1o investigate the
relative itmportance of each life history parameter in
maintaining murrelet populations. [n each analysis we
started with parameter combinations that maintained a
stable population (A=1), then decreased a given
parameter by percentage inctements while holding the
others constant, and recorded the cespomse of A To
evaluate the sensitivity of juvenile/adult ratios to
changes in population and life history parameters, we
simulated population declines and calculated
commesponding juvenilefadult mabos from the model
(Appendix 1),

Flgwre 1. A hfe cycle diapram for the Marbied
Murrelet for age of first breeding at 2 yrs. Note that
this life history diagram pentains te a population in
which a post-breeding census is  conducted.
S=survival from first fall census to 2 years of age.
S,=adult survival, P=productivity.

Some assumptions apply to this matrix model.
First, the mode! considers only females, and assumes
an ¢ven sex ratio and that breeding age females always
find mates (Sealy 1975). Second the population is
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censused n the fall after breeding. Third, the
population is at equiliboum, i.e. always has a stable
ape structure.  Fourth, the model is linear with no
density-dependent effects. Finally, we assume there is
no SeOSECEmCs.

Marbled Murrelet life history
parameters

We define adult survival as the annual probability that
an individual murrelet (aped = 2 yvears) will survive 10
the next age class. Most inference abeut murrelet
survival has been through allometnic comparison with
ather alcid species. Aduli survival was estimated at
0,845 (95% CI1. .81-0.88) by Beissinger (1995) and at
.83 by DeSanto and Nelson (1995), Recently, a mark-
recapture  study in Desclation Sound, British
Columbia, produced an adult survival rate estimate of
0.85 (95% confidence imterval: 0.47 to (.97, Lougheed
et al. 1998).

We define juvenile survival as the annual
probability that a fledgling will survive its first two
years of life. Beissinger (1995) estimated that
Marbled Murrzlets supvive at 70% of adult survival in
their first year of life and ar 83% in their second. To
keep our model simple, we compressed pre-breeding
survival into one parameter by taking the geometne
mean of 0.88 and 0.7). Juvenile survival was then
caleulated by multplying this value (Q.78) by the adult
survival for each simulation.

We define productivity as the praportion of
breeding age females that produce one female
offspring that survives to the census period. Estimates
of murrelet productivity have been denived from two
sources: observed nesting success and juvenile/adult
ratios of murrelets observed at sea.

Murrelet productivity can be estimated by the
percent of mutrelet nests that fledge young  Nelson
and Hamer (}995) calculate that 28% of 32 murrelet
nests produced young. Since their analysis, 83 nests
have been found in British Columbia, which will allow
a better productivity estimate. For the matrix model,
this yields an estimated productivity of 0.17 if half of
the fedplings are female, but this value does not
account for mortality during the actual fledging event
or in the subsequent winter.

Beissinger (i1993) used cumulative sightings of
juvenilefadult ratios at sea to obtain a  post-breeding
season cstimate of productivity. By averaging
juveniiefadult ratics from different studics i the
United Statcs, productivity was sstimated at 5%, with
some estimates as high as 10%. Assuming an equal
sex ratio, this estimate of productivity describes the
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percentage of breeding females that produced one
fernale offspring at the end of 3 breeding season,
Productivity is also imfluenced by age of first
breeding. In akids this ranges from 2-15 years
{Hudson 1985; Gaston 1992; Harris et al. 1994).
Given the low productivity, and possible low annual
survival of Marbled Murrelets (a5 estmated from body
mass), it seerns plausible they have an early age of first
breeding. Therefore, we set age of first breeding at 2
years. Later ages of first breeding (e.g., 4 years)
teguire higher survival and/or productivity patameter
values to maintain population stability {Fipure 2).

Figure 2, Combinations of adult survival and
productivity resulting in a stable population conducted
for ages of first breeding of 2 (solid line) and 4 years
(dashed ling). Labeled points are the parameter values
in which we conducted our analysis. The survival and
productivity values proposed by Beissinger (1995) are
displayed in the labeled box.

Ul T HIEJ'I
T Surviva!
0 ' $ e :
08 085 0e 095
Adult sayvival

Marbied Murrelet life history
scenarios

We focus our analysis on twe altemative life history
scenarios with parameter values that maintain a stable
population (Figure 23, In the first “high productivigy™
scenario we consider that productivity could be higher
than estimated by juverile/adult ratios or nest success
{DeSante and MNelsen 1995; Ralph et al. 1995). With
this scenario, adult suraival falls within the range
suggested for other alcid species.  [n the second “high
survival™ scenatio, adults have higher survival than
suggested by their bady size {Beissinger 1995, Ralph
et al. 1995), This stenana 15 most plausible 1f current
juvenilefadult ratios and estimated nesting success
reflect tue productivity.  With this scenario adult
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survival is similar to other longerlived alcid species
such as the razorbill which also have low fecundity
{DeSanto and Nelson 1995),

Evaluation of at-sea surveys using
power analysis

The main method for evaluating overall population
status of murrelets is at-sea surveys or line transect
counts (Stromg et al. 1995y The power analysis we
used is for regression analysis of population trends.
The parameters for this model are: the number of
znnual surveys conducted, coefficient of varation
(CV) of yearly surveys, the level, and true rate of
change of population each year [Gerrodette |987,
Taylor and Gerrodette 1993). We considered a power
level of 0.8 1o be adequate to detect a population
decline (Cohen 1988) and used an level {probability of
Type 1 error) of 0.05 for cur analysis.

Gerrodette’s power calculation makes some
restrictive assumptions.  First, the population being
monitored follows an exponential model of population
decrease. Second, line transect or similar sighfing per
unit affort technique is used for population
monitoring. Third, the OV input parameter takes into
account variation due o demographic stochasticity as
well as sampling vaniance. The model used for the
power analysis accounts for change in coefficient of
variation with decreasing abundance of animals being
surveyad so that only an initial coefficient of vanation
is naeeded for the analysis. Coefficiem of varations
were calculated from 7 replicated stiip transects at sea
along the coast of Oregon during 1992 and 1593
{Strong et al. 1995). Data were used from transects
that were replicated at least 4 times and as many as 13
times for coefficient of varation calculation. The
mean coefficient of variation from these transects wasg
(.57 (range: 0.31-0.84).

We feel this sitnplistic power model 1s the most
parsimonious approach given the requirements for
data of more complicated simulation methods.
Gerrodetie’s power estimate ignores the statistical
ptoblems created by non-independence of points when
linear regression i5 used to analyze time senies data and
as a result power will always be overestimated using
this toutine {Gerrodente 1987, Gerrodette 1991; Link
and Hatfield 1990; Taylor and Gerredette 1993
Therefore, the resuits of this analysis are an estimate of
relative rather than absclute statistical power.
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Results and Discussion
Sensitlvity analysis

Semsitivity anaiysis sugpgests that regardless of life
history scenario, murrelet populations are most
influenced by changes in adult survival, followed by
Juvenile survival and productivity {Figure 3).

Figure 3. Resuits of sensitivity analysis of high
sarvival{a) and high productivity (b) sceparios. &
Productivity (P), B Juvenile survival {3). & Adult
Survival (8,).

a) High smrvival

Years wmtll power=2

*h Reduction In paruss ter

b)High productivity
#0

Years unill power=4

% Reduction |8 parameteyr

Aduit Survival

High mode] sensitivity to adult survival is of great
conservation concern given the potential impacts of
gill-net fishing by-carch and eil spills on murrelets
{Carter and Kuletz 1993; Carter et al. 1995). Marbled
Murrdets have the highest oil vulnerability index of
birds in the Alaska region (King and Sanger 1979).
Carter and Sealy {1984) estimated that 7.8% of the fzil
population of murrelets were killed in 1980 in Barkley
Sound in fishing nets. 1f this type of mortality reduces
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adult survival even slightly, it will result in a rapid
population decline. A mark-recapture study in
Desclation Sound which uses newly-developed mist-
net and dip-net capture techniques recently produced
an adplt survival mate estimate of 0.845 (95%
confidence intervals 0.47 1o 0.94; Kaiser et ai, 1995,
Lougheed et al. 1998, F Cooke submitted). This
estimate is based on four sampling sessions
(conducted yearly from 1994-1997} and therefore
precision is low due to low numbers of recaptures.
Futwe estimnates from this project should provide
criical information regarding sorvival mates as the
sample size of marked birds and corresponding
precision of estimates increases (Lougheed et al.
1998).

Juvenile survival

In both life history scenaros, the model showed
relatively low sensitivity to juvenile survival {Figure
3}, However, this might be an anifact of the
assumption that juvemile servival is  directly
praportional to adult survival. This assumption may
be valid if adults and juveniles congregate in similar
areas and are volngrable to the same mortality sources
and expenience mortality factors similar 10 other
alcids, Huodsom (1985) commented that juvemile
survival could represent a "bottleneck™ in population
dynamics and afiect population trends more than
shown by sensitivity analysis,

Productivity

Productivity is of great interest in Marbled Murrelet
population dynamics given the wide scale removal of
old-growth forests, Low model sensitivity to
productivity may suggest that murrelet pepulations are
adapted to a breeding strategy dependent on yearly
food resources where high variation in productivicy
might have minimal population effects. Murrelet
populations therefore may not show immediate
detectable effects of reduction in productivity given
that the natural varation in this parameter will
minimize power 1o determine any type of downward
trend,  Possibly murtelets, like other seabirds, cahibit
high temporal vakation in productivity, For instance,
in & | 2-year period Commen Murre pairs produced an
average of (.86 young per season, but this value vaned
from .19 to 0.96 {Boekelheide et al, 1990). Current
estimates of murreiet productivity could be negatively
bizsed because the data were collected in El Mino
years [Ralph etal. 1995} in which other alcids had lew
reproductive success [Boekelheide et al. 1990},
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Figure 4. Results of power analysis, based on line
transect surveys documented by Sirong et al. (1995),
for high survival {a) and high productivity (b}
scenarios. The y-aXis represents the number of years
it would take to statistically detect a population
decrease resulting from a percentage reduction in a
given parameter. & Productivity (F), B Juvenile
survival (5;), # Adult Survival (S,).
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Evaluation of monitoring methods
Power analysis nfpnpulation SUIvEYS

Power analysis of at-sea survey data reflects the
difficulty in detecting statistically significant declines
in populations based upon curtent monitoning methods
{Figure 4). With high preductivity, it tock less time to
detect decreases in population due to productivity as
opposed to the high survival scenario. However, even
with the high productivity scenaro it still took six
times as long to detect the decling in population based
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on a productivity decline of 108%%. This finding
sugpests that only comparatively large changes in
productivity might be detectable with present survey
methods. With high productivity and high survival
scenarios, the population decreased by an average of
68% and 72%, respectively, before the power to detect
the decline reached 0.8 when parameters were
individually reduced by 1084, Results from power
analysis suggest that only the mest rigorous, replicated
surveys will be able to detect population declines. To
increase power of detection rescarchers can increase
the number of yearly surveys (increase precision) or
increase the level in the analysis. We found that with
surveys that had 2 CV of 0.2, it would take ten years to
detect a population dechne caused by a 1034 decrease
in adult survival

The observed CV from sirip transect surveys of
Strong et al. (1995) used in this exercise was 0.57
{range: 0.31-0.84) which reflects the current range of
survey values. A recent study by Becker et al. {1997}
tested the power of line transect methods {Buckland et
al. 1993) used in at-sea surveys to detect population
declines. Using data from line transect surveys Becker
atal. {1997 found they could detect annual population
declines of %% over 10 years with an esumated power
of 0.8 (=11 if arcas were sampled at least 5 times per
year using line transects. Note that a 9% annual
decline would compound to a 57% total population
decline over a 10-year period. Becker et al, (1997} did
not publish CV estimates for line transect results; they
used a Monte Carlo simulation based pewer analysis
method (Gibbs 1995) which is more conservative than
the power analysis method of Gerrodette {1987) used
in this study (Link et al. 199)). The study of Becker st
al. (1597} was conducted on a relatively straight
section of coastiine in California and it is questionable
whether similar levels of precision could be attained in
the more complex flords and inlets in British
Columbia and further north. We conclude that given
presenl monitonng techniques, populations will be
reduced significantly before a statistically significant
decline is detcoted.

Monitoring of productivity

The sensitivity of detecting a population decline using
Juvenilefadult ralios was responsive only to changes in
productivity (Figure 5). Juvenile/adult ratio was stable
or increased slightly during simulations of population
decline caused by reduced adult or juvenile survival.
When less substaptiai decreases in population size
were simuiated (lower sensitivity of the model to
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Figure 5. Changes in juvenilefadult ratios resulting
from reductions in individual parameter values for the
high survival (a} and kigh productivity (k) scenarios.
& Productivity (P}, Bl Juvenile survival (5)), ® Adult
Sutvival (5,).
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productiviry), juvenile/adult ratic declined by 0.08,
Monitoring of annual variation in productivity
could provide valuable insipht into whether murreles
show a typical alcid pattern of high variation in
productivity {Boekelheide et al. 1990}, Results from a
recent study in Alaska by Kuletz and Kendall {1959%)
suggest that juvenile density estimates with lowered
coefficients of vaniation (mean CV=0.4Z, range 0.17-
{.88) can be cbtained by identification of icore survey
pernodsi in which juvenile densities are highest.
Kuletz and Kendall conducted power analysis using
the same methods of Gerrodette {195 7) that were used
in this study. Using the lower estimated OV range of
(.17 to 0.42, they could detect total declines of 24%
and 50%, respectively, in juvenile abundance in 10
years with an estimated power of 0.8 {ar =0.1) when 5
surveys were conducted cach year This level of power
15 higher then that documented by Becker et 2l (1997);
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however, this may be due partly to potential positive
biases with the Gerrodette (1987) method of power
calculation as discussed previously in this paper {Link
et al. 1990). Using these data Kuletr and Kendall
(1988) developed an index of regonal productivity
based on the slope of paired juvenile and adult
abundance estimates, The study of Kuletz and Kendall
(1998) was conducted in fjords and inlets and
therefore this technique may be more easily applied
then the methods of Becker et al. {1997) 1o Marbled
Murrelet populations in British Columbia and farther
north. We conclude that mowitoring juvenile/adult
ratios or moenitonng of juvenile density using methods
similar to Kuletz and Kendall {1398} may be the best
way to monitor and evaluate temporal and spatial
variation in productivity.

Effect of uncertainty regarding life
history strategies

It is important that researchers conducting
demopraphic analyses account for the effects of
uncertainty in pararneters on calculation of population
trajectaries. In his demographic analysis of Marbled
Murrelets, Beissinger (1795} used an adult survival
value (estimated from other aleids) of O.85
{confidence limits 0.81-0.88) for his demographic
analysis to conclude that murtelet populations were
decliming from between 2 and 12 percent. Given high
sensitivity of the model to adult survival values, even a
small change in adolt survival, well within the
confidence limits estimated for this parameter, would
drastically affect the calculated population change. It
is our opinion that cstimation of population decline
rates based on models will be valid for murrelets only
when more information is known about adult survival
values.

Optimal Management and Research
Strategies

We suggest that matrix modeling and power analysis
can be used as design tools even in situations where
data are sparse for the species in question. Power
analysis computer software packazges are now
available to facilitate this process (Thomas and Krebs
1997). From our study we conclude that regardless of
life history parateter assumptions, adult survival will
most significantly affect the overall population
trajectory and may influsnce detection of changes In
ather parameters. Low model sensitivity, and evidence
from seabird species that are suspected to have simtlar
life histories, suggest that Marbled Murrelets may
show high temporal varability in productivity, Given
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this constaint, and the low power of monitoning
methods, it will be difficult to docoment statistically
immediate declines in population size based on small
decreases in this parameter.

We suggest that fumre work be focused on
estimation of survival parameters such as is curtently
being conducted in British Columbia (Lougheed et al.
1598, Cocke 1999). Mo effort should also be
directed at documenting the variability in productivity
by developing better statistical methods to detect
changes in populations using available and improved
monitoting programs {Thomas 1996; Becker et al
1997: Kuletz and Kendall 1998). Most importantly,
the wider cffert ito confront uncertaintyi should
imclude caution i management integrated with a
diverse conservation program that considers a number
of promising research directions and efforts to improve
existing Tonitorng Programs.
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APPENDIX 1

The matrix model we used is described mathematically

by the population vector:

N;, - number of fledged young during a breeding
SEAS0D

N, - number of murrelets from the N, cohort that
survive to the N, cohort

N, - number of murrelets in the N; and above cohert
The form of the model for a population in which a

post-breeding census is condueted (with an age of

First breeding of 2 years) in matrix form is:

N, 0 ¢ P| [N
N, =8, 0 0|x|(N,
Ny L ool s, N, | !

This type of population matrix model is defined as
2 stage matrix. 1t differs from the fundamental Leslie
matriz (Leslie 1943) in that each “stage" may
represent an age class, or a general class (such as N;
which represents adult birds). Because this matrix is
primitive, & can be found by raising the matnx to
successive powers and calculating the ratio of M. /N,
{to the point of convergence) to determine A. Also at
the point of convergence the ratios of stage classes in
the population vector that form a stable age
distribution can be determined. The juvenile/adult
ratio was calculated as:

JiAratio= —
N+ My

The stage-bazed matrix model method is

docomented in Caswell (198%) and Crouse et al
£1987).
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Selected studies of forestry and bird
communities in Nova Scotia and New
Brunswick

Bill Freedman and Greg Johnson

“
Abstract

Forestry practices can cause intense disturbances, which result in dramatic changes in the habitats available to support
all elements of biodiversity, including birds, Many species of birds require mature and older forests as habitat for
breeding, rmgratory movements, of wintering; some also use habitats occurring during earlier stages of forest
succession, including these created through such forestry activities as elearcutting, We sumtnarise results of several
research projects which have examined the effects of various harvesting systems, plantation establishment, and
silvicultural herbicide spraying in Mova Scotia and New Brunswick.

Résumé

Les pratiques forcstieres peuvent causer de grandes perturbations qui résultent en des changements dramatiques dans
la disponibilité des habitats néccssaires pour supporter tous les éléments de la biodiversité, incluant les oizeaux.
Plusicurs especes d'oiseaux ont besoin de foréts matures et anciennes comme habitat de nidification, d*hivernage et
de déplacements migratoires ; certaines espéces utilisent les habitats reliés aux stades de succession de la forét, incluant
les habitats créés a Vaide de pratiques forestitres telles que la coupe 4 blanc. Nous résumons plusieurs projets de
recherche qui ont examiné les effets de divers systémes d'exploitation forestitre, d*établissement de plantations et
d"application d herbicides en Nouvelle-Ecosse ot au Nonveau-Brunswick.

“

Bill Freedman and Greg Johnson, Department of Biology, Dalhousie University, Halifax, Nova Scotia, Canada B3H
4N, (billfresi@is. dal.ca)

Intreduction
Intense disturbances of forests are associated with
clearcutting and other forestry practices. These resull
in dramatic changes in the habitals available to support
all elements of iodiversity, Some species, puilds, and
communities benefit from habitat changes caused by
forestry, but others suffer severe harm (Freocdman
1389, 1995; Hunter 1990; Dcliraaf et al. 1992;
Freedman et al. 1994, 19963

In particular, many species of birds require mamre
and plder forests as habitat for breeding, mugrating, or
wintering, Many others, however, use habitats
occurning duning earlier stages of forest succession,

Saciety af Canadian Ormithologists Special Publication No. |, 199¢

including those created through such forestry activities
as clearcutting, In generml, disturbances associated
with forest harvesting and site management have
indirect effects on bird species, guilds and
comtnunities, acting through changes in the physical
structure and plant species composition of the
available habitats. In addition, spraying of forestry
pesticides can have direct effects on birds, occurning
because of pmsoning caused by exposure to roxic
chemicals (particularly insecticides),

We describe here the results of studies on effects
of forestry practices on birds in Nova Scotia and New
Brunswick, The research summarized here examined
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the effects of vanous harveshing systems, plantation
gstablishment, and silvicultural herbicide spraying.
The component sludies were conducted berween 1980
and 1994

Methods

All studies involved comparisons of stands that had
been maxdified by forestry, with reference {that is, non-
affected) stands in the immediate vicinity {ofien
adjacent to an affected stamd). This tesearch design
assumes that the habitat of the reference stands was
similar in quality to that occurrng in the modified
stands priot t0 harvesting or herbicide application,

The research involved use of the spot-map
technique to census bird populations. Wherever
possible, plot sizes were L0 hectares of mote in area, In
some cases, however, they were smaller than this,
being constrained by the stand-level scale of the
opetational forestry being practised. However, in ¢ach
of the studies summatized here, the reference and
treatrient plots were of a sirmilar size. The petimeter of
each plot was marked at 50m intervals, as were 1 or 2
internal transects along the fonger axis of the plot.
These points were the listening stations where
observations of song and other avian behaviour were
made. Each census plot was surveyed 10 hmes (8
moming and 2 evening censuses), beginming in the
first week of June and extending as late as mid-July.
The locations of singing males were marked on maps
of the sites, with particular attention paid 1o
simultanecus registrations of more than one male of
the same species. Temntories wert assigned on the
basis of clusters of observations, which were
interpreted to represent the activities of individual
male hirds.

Detailed investigations were also made of habitat
structure. The abundance of plant species and foliage
cover were measured in three strata:  pround
vegetation, shrubs, and trees, including snags and
coarse woody debns. These habitat data are not
reported here, but are available in the orginal
publications that describe the research,

Commoen and scientific names of all bird species
mentioned are given in Appendix 1.

Component Studies

The following studies are summarized here:

1. Harvasting hardwood forest

Fieldwork was conducted during 1580 in central Nova
Scotia, im an area of mature hardwood forest
dominated by red and sugar maple (4cer rubrim and
A. saccharum) and white and yellow birch (Benila
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papvrifera and B, alfeghaniensis) (Freedman et al.
1981). Comparisons were made of avian communities
in three 3-year-old clearcuts, two 4-ycar-old stoip-cuts
{onc had 26-m wide strips and the census plot
comprizged 45% harvested and 55% forest habirat; the
other plot had 30m wide strips and was 38% cut and
62% forested), a shelterwood cut {45% residual basal
area of non-harvested trees), and three reference
stands of non-harvested, mature forest, The reference
forest was about 75 years old, and had onpinated from
a natural wildfire. All of the harvested stands were
regenerating naturally.

2. Avian succession aftar clearcutting
hardwood forast

Fizldwork was conducted during 1930 and [981 in a
region of mature maple-birch forest in central Nova
Scotia {Merpan and Freedman 1986). Suoccessional
patterns  were inferred wusing data from a
chronosequence of 23 stands. There were 13 stands of
vanous apes after clearcutting {up to 20 years), plus 10
reference stands aged 30 to 75 years after a wildfire.
All harvested stands were regenerating naturally.

3. Intensively-managed conifar plantations
Fieldwork was conducted during 1992 and 1993 in
southeastern New Brunswick, in and near Fundy
Matienal Park {G. Johnson and B. Freedman, unpub.)
The study area is dominated by mature, mixed-species
forest dominated by red spruce { Picea rubens), balsam
fir (Abies balsamen), red maple, and white birch. This
natural forest has been, and is being, extensively
clearcut and eonverted into intensively-managed
plantations of Back spruce {Picea mariana), which
were planted as seedlings. The initial stages of
plantation development {up to age 21 yearss) wers
examined using a chronosequence of 11 stands of
about 10 ha, and these were compared with 3 reference
stands of unharvested, natural forest,

4. Effacts of silvicultural herbicide spraying
Fieldwaork was conducted from 1986 to 1990 in central
Mova Scotia {MacKinnon and Freedman 1993), The
pre-spray avifauna of five census plots in 3-year-old
spruce plantabons was surveyed initially in 1986, Four
of the plots were then ocperationally treated with
glyphosate herbicide in Aupust, 1986 at 2.3 kg'ha,
while one plot was left unsprayed as a reference
comparison. Post-spray changes in the avifauna were
monitored during the first, second, and fourth years
after herbicide Ireatment,

Results and Discussion

1. Harvesting hardwood forest
This study found no substantial differences in the total

Binlagy and Conservation of Forest Birds
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abundance, species richness, or species diversity of
breeding birds among stands of mature maple-birch
forest, or young clearcuts, strip-cuts, or & shelterwood
cut of that forest (Table 1). However, the bird species
using the maturz forest and the recently disturbed
habitats werc almost completely different. Species
prominent in mature stands included Least Flycatcher,
Bermit Thrush, Red-eyed Vireo, Black-throated Green
Warbler, Ovenbird, and American Redsiart.  In
contrast, species prominent in the younp clearcuts
inchuded Chestnut-sided Warbler, Moorning Warblez,
Common Yellowthroat, Dark-eved Junco, White -
throated Sparrow, and Song Sparrow.

Strip-cuts included both mamre-forest and
clearcut habitats, and the bird specics segregated
among these habitat elements within the strip-cut area.
The shelterwood cut had about one-third the tree
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denstty, basal area, and canopy cover of the mamre
forest, with abundant shrub and ground vegetation.
These intermediate habitat conditicns supported some
bird species of mature forest and some of clearcuts,
particularly Least Flycatcher, Red-eyed Vireo,
Chestnut-sided Warbler, Mourning Warbler, Common
Yellowthroat, Amencan Redstart, and White-throated
Sparrow,

2. Avian succession after clearcutting
hardwood forest

The chronosequence of 23 stands of clearcuts and
natural hardwood forest showed that once the clearcuts
had regenetaled for at least three years, there was no
substantia] difference in bird community variables
{such as total density, species richness, and species
diversity) among stands of different age, in spite of

Table 1. Density of breeding birds of 3 stands of mature hardwood forest, 3 clearcuts, a shelterwood cut, and two strip-
cuts in Nova Scotia. The mature forest was dominated by maple and birch; 2ll harvests were 3-5 years old. The
shelterwood and strip-cuts had a habitat structure intermediate 1o the forest and clearcuts. Data ave in pairs/10 ha.,
averaged within each of the habitat types. LIncommon species are not included. Medified from Freedmuan et al, (1931,

Species Mature forest Clearcut Shelterwnod Strip-cut
Common Sripe 0.0 0.8 0.0 0.0
Ruby-throated Humminghird 0.0 23 0.0 0.0
Least Flycatcher 13.7 0.0 4.0 8.0
Hetmit Thrush 43 0.0 0.0 0.8
Veery 2.0 (L} 0.0 0.8
Solitary Vireo 10 0.0 .0 08
Red-eyed Vireo 5.3 0.0 8.0 5.0
Black-and-white Warbler 35 0.0 0.0 4.3
Northem Parula 28 0.0 0.0 25
Black-throated Green 17 0.0 0.0 0.8
Chestnut-sided Warbler 0.0 11.0 LG &0
Ovenbird 15.7 0.0 0.G 8.0
Mourning Warhler 0.0 0 g0 1.0
Common Yellowthroat 0.c 15.2 80 2.5
American Redstart 6.5 0.0 Ao 2.0
Rose-bireasted Grosheak 08 ] 0.0 0.0
Dark-eyed Junco 1.7 50 0.0 2.3
White-throated Sparrow 0.7 12.7 30 IH
Song Sparrow 0.0 5.3 0.0 G0
Total denzity 863 58.8 550 5235
Species richness 12 B 7 i3
Specles diversity (H™) 21 1.8 L8 22
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great differences in habitat (Figure 1). Only the 1- and
2-year-old clearcuts had smaller bird populations than
uncut stands; the range of total avian density of
clearcuts 3 to 10 years old fell within the tange of
variation of density for matyre stands. As in the
previcous study (1, above), = distinet suite of bird
species occurred relatively early in the post-
clearcutting succession, and these were later replaced
by another group as clearcut: matured into hardwood
forest.

The transition Detween these avian communities
occurred largely in stands 12-20 years old (Morgan
and Freedman 1986), During this period hardwood
stump sprents and saplings had thinned to relatively
few sterns with a canopy ar about 8-12 m. At the same
time the shrub and ground-vegetalion sirata were
declining in prominence because of shading cxerted by

Freadman and Johhson

the overhead canopy of trees. This habitat manzration
allowed the progressive invasion of the stand by bird
species characteristic of matore forest. The
distinciness of the ‘“ecarly”™ and “late™ avian
communities was demonstrated by a closter analysis of
the data mattix of bird species abundance versus stand
age. This multivariate procedure separated the avian
communities of stands 1-12 years old from those of
stands 20-74 years old. Clusters of stands within these
two age groups were much weaker, indicating that
their avian communibes were rather simlar (Morgan
and Freedman 19386).

3. Intensively-managed conifer
plantations

Avian density reached pre—cutting levels within § years
of plantation establishment, and peaked at about 15

Figure 1. Avian community parameters in a chronosequence of 23 stands in an area of bardwoed forest in Nova Seotia.
Stands older than 20 years were part of a post-fire landscape mosaic, while younger stands onginated with clearcutting.
{a) total density of breeding species; (b) number of breeding species, (¢} species prominent in yotnger stands (i.e., Alder
Flycatcher, Chestnut-sided Warbler, Commmon Yellowthroat, Dark-eyed Junco, White-throated Sparmow, Song Sparrow);
(d) species prominent in mature stands (i.e., Least Flycatcher, Hermit Thrush, Veery, Red-eyed Vireo, Black-throated
Cireen Warbler, American Redstart, Ovenbird). Modified from Morgan and Freedman (198%), and Freedman (1995),
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years (Table 2). The avian commumity of younger
plantations was dominated by ground-nesting species,
particularly Comimon Yellowthroat, Linceln’s Sparrow,
Seng Sparmow, and White-throated Sparmow. The
density of these species increased quickly, and then
generally decreased to lower levels in the oldest
plantations and reference stands of matwre mixed-
species forest. The density of canopy-nesting species
{Yellow-bellicd Flycatcher, Ruby-crowned Kinglet,
Magnolia Warbler, and Yellow-rumped Warbler) was
very low until tree-sized plants became established,
after a plantation age of about 13 years. Plantations
aged 13 to [5 years maintained relatively high
populations of bath ground- and canopy-nesting birds.
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Notably absent or sparse in comifer plantations
were cavity-nesting birds such as woodpeckers,
chickadees, and nuthatches. {The only exceptions were
single pairs of Easicrn Bluebird 2nd Northern Flicker
in a 3-year-old plantation, nesting in the only two
snags in the census plot) Owing to the intensive
management systemn used to develop the plantations
examined, the gquantities of coarse woody debris,
shiags, and cavity trees were very small compared with
natural reference forests {Table 3), Consequently, few
Of N0 opporfunities were provided for species of birds
that require these slements as essentia? components of
their habitat (Freedman et al. 1996).

A total of 16 species that bred in netural forest

Table 2. Breeding birds in 16 stands of nawral, conifer-dominated forest and spruce plantations near Fundy National
Park, New Brunswick. Only relatively abundant birds are listed. Bird numbers in pairs/10 ha; stand 2ge in years, X =
<0.5 tetritories per plot, V = visitor {included in species richness) (G. Johnson and B. Freedman, unpublished data},

Plantation {wge in yr.) Forest
Species 3 4 5 4 T B 13 1% | M M M
Comeen Snipe 1.3 [ 1o 1.0 1.0
Common Nighthawk v 1.4 v ¥ 1.0
Yellow-bellied Flycatcher 18.0 59 13.0 47 1.0 45
Alder Flycatcher 53 &0 v 1.4
Binck-capped Chickades X X X a0 n
Fooc-breastec Nuthaich X Y v 1.4 A 0
Brown Crocper 1.7 1.5
Winter Wren 21 0.5
Ciolden-crowned Kinglet 2.0 1] 4.2 20 6.0
Rubry-crouned Kingbet v 4.5 50 1.5 1.3 0.5
Swainson s Thrwsh 0% 0 47 13 30
Hermit Thrush ¥ 0.5 5 .0 200 .5 20
American Robin W X X ¥ 0¥ G5 X 5 4
Salitury Vi ¥ v 04 3.0 10
MNashvills Warbler v v 35 3.0 0.8
Morthem Parala v 1.3 0.5
Migmcdin Wantder 1% 0.5 .0 1.4 8.5 10.6 1.0
Black-throated Blus Wiarbler 18 15 15
Yellow-rumped Warbler 5.5 54 T 1.5 4.5 15
Black-thronted CGreen Warbler L v 4.5 2.5 5.0 75
Blickbumian Warbler &5 31 95 50
Palm Warbler v 440 55 LX) 9.5 1.0
Bay-breasied Warbler 4.5 Z1 0.5 &0
American Redstart v v 1.5 v 1.0
Crvenbird () a0 50
Common Yellowthroat 0.e 20 10 150 4.0 11.0 jLigi} 15.3
Song Sparmow 4.8 80 185 dd 210 2.5
Lincoln's Sparmow 43 155 160 10.2 215 10 6.0 5%
Whitz-threaied Sparmow X 15 34 12.6 4.0 o5 180 54 95 1.7 X
Horthem Junco 1% X X 1.0 0.5 .0 5 4.0 25 2.0 4.0
Purple Finch vV v 08 A X
Todnl tird density 16.5 k1.3 4.4 54.3 5.2 554 6 10456 L100 683 0 103
Species richnen 17 11 12 i 12 1% X7 36 24 41 25 32
Species diversity (') 18 13 14 19 14 20 23 237 34 3l 36 19

Saciety of Canadian Ornitholozists Special Publication No. 1, 1900
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Table 3. Snags (dead trees), coarse woody debns
(CWD}, and hiving trees in stands of natural forest and
conifer plantations in vicinity of Fundy National Park,
Mew Brunswick, Data are for snaps, CWD and trees
with diameter > 5 ¢, Snags and live trees in basal area
{m%ha); CWD volume in m>/ha, (T. Fleming and B.
Freedman, unpubl. data).

Snags CWD  Live tree

Matare, natural forest

Hardwood 35 187 293
Mixedwood 3.6 199 2%.1
Mixedwood 54 13.0 28.0
Mixedwood 4.1 327 331
Conifer 11.4 41.6 254
Conifer 19.5 454 30.5
Conifer 12.7 56.5 217
Plantation forest

21-yr.-old spruce 0.03 .6 15.1
15-yr.-old spruce 0.0 8.9 10.8
15-yr.~0ld pine 0.} 0.0 288
13-yr.-cld spruce 0.2 14.1 5.6
B-yr.-0ld spruce 0.2 28.0 5.1
Feyr.-cld spruce a0 214 00
7-yr.-old spruce 0.0 235 0.5
6-yr.-old larch 0.0 EFN| 03
5-yr.-cld spruce 0.0 237 0.0
5-yt.-old spruce 1.8 55.3 0.0
4-yr.-old spruce a.0 52.2 0.0
3-yr.-old spruce 0.0 48.1 0.0
3-yr.-old spruce 0.0 81.2 0.0

plots in the present study were not found in the
plantations, inchiding three species of cavity nesters
and five species that prefer ot require forest with a
significant component of angiosperm trees. However,
clearcutting and subsequent plantation establishment
did provide temporary site opportunities for many
apen-canopy species of birds, and later on, species of
conifer-dominated forest, 1f plantations were adjacent
to nataral forest, they wete also used by some forest
species for foraging, [n general, our results are similar
to these of Farker et al. (1994) for plantations
elsewhere i Mew Brunswick. The effects on avifauna
that we observed atre, however, less severe than have
been reported in studies of intensively managed

Sociery of Canadian Ornithalogists Special Publication No. {, 1909

Freedman and Johnson

comtfer plantations in Europe and the southeastern
United States {Moss 1978; Repenning and Labisky
L983).

4. Effects of silvicultural herbicide
spraying

Only small changes in the abundance and species
richness of breeding birds occurred on clearcuts
treated with glyphosate herbicide (Table 4). Awvian
abundance decreased betwecn the pre-spray and first
post-spray years. However, this change occurred on
both the sprayed and reference plots, which suggests it
may have been cavsed by factors unrelated fo the
herbicide treatment {such as bad weather during the
breeding, migrating, or wintering seasomns). [n the
second year after spraying, the abundance of birds on
the sprayed plots remained similar to that during the
first post-spray year, white that of the unsprayed plot
increased to about the pre-spray value. In the fourth
post-spray year the treatments differed little in avian
density.

The most commeon species on the clearcuts were
White-threated Sparrow and Commen Yellowthroat,
“These had a somewhat lower abundance on the spray
plots up to the second post-spray year, and then
recoversd by the fourth post-spray year. Om the
reference plot, Song Sparrow and Lincoln's Sparrow
declined in abundance dunng the course of the study,
but on the sprayved plots thesc species were most
abundant in the second and fourth years after spraying.
Ax successiom proceeded the reference plot became
colonized by some new specics in low densities,
including Black-and-white Warbler, Red-eyed Vireo,
Ruby-throated Humminghird, and Palm Warbler
These speoies did not invade the spraved plets, because
the herbicide treatment had cansed the habitat to revert
w a younger successional stape, which was less
favourable to these birds.

The effects of a herbicide treatmem on animals
using regenerating clearcuts as habitat can be caused
by two types of influences: (1) direct toxicity of the
herbicide, ard (2) changes in the character of the
habitar. Compared with many insccticides, herbicides
used in forestry ({particularly 245-T, 24-D,
glyphosate, hexazinome, and triclopyr) are not very
toxic to animals {Freedman 1993). At ecxposurcs
encountered during typical forestry uses, the direct
toxicological risks of these chemicals appear to be
small and unimportant. This is particularly true of
glyphosate, the most commonly used herbicide in
forestry in Canada.

Glyphosate use does, however, cause large

Bialagy and Conservation aof Forest Birds
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Table 4. Range of abundance of breeding birds among five clearcut plots treated with glyphosate herbicide, and one
reference plot. Only abundant species are listed; data are pairs/ha, determined by spot-map census, pror to spraying and
in the first, second and fourth subsequent years, Data for sprayed treatment are sanges among five separate plots.

Modified from MacKinnon and Freedman (1993).

Reference plot (years) Spray plots (vears)
Species Pre- 1 P | Pre- 1 2 3
pray pray
Common Yellowthroat 12 11 12 1a 13-1%  1D-16 7-12 7-18
White-throated Sparrow 4 7 9 16 18-24  10-14 B-11 13-1%
Dark-eved Junco 3 4 & 1D 3.7 5-B 4-3 5-8
Song Sparrow 2 | | 3-5 -4 5-7 -4
American Goldfinch 6 4 3 2 3-8 2-3 0-3 0-3
Total bird density 54 40 53 84 53-81 38.53 I8-52 60-92
Species richness 1z 15 15 12 1G-14  10-15 12-15 12-13

changes in habitat, by affecting the productivity and
biomass of plants, and consequently changing the
availability of berries and other plant foeds. These
changes indirectly result in smaller populations of
insects and spiders, which are imponant foods for
most birds, particularly duning the breeding season
{Freedman 1995; Woodcock et al, 19970, In cur sudy,
however, these potential, indirect effects of herbicide
spraying resulted in only small changes in ihe
poputations of breeding birds.

Summary

COur studies in Nova Scota and New Brunswick found
that forestey-related disturbances result in large
changes in the habitat available for breding birds,
Many bird species ccoupying natural, matore forests
found these habitat changes to be unsuitable. However,
areas disturbed by forestry provided breeding habitat
for indigenous, early-successional species. In terms of
abundance, species nchness, and species diversity, the
overall changes in avian comnunities were not large,
at least omee clearcuts or plantations reached several
years of age.

In peneral, imtensively-managed plantations had
greater effects on bird habitat than naturally
regenerating sites. One of the moest important
differences in this regard invelves crincal habitat for
bird species dependent on snags, cavity trees, and
coarse woody debns.

Many of the effects of forestry on avian
communities can be avoided if forest managers ensure
that adequate areas of closed-canopy, mixcd-wood and

Society of Canadian Graithologizis Special Publicarion No. 1. 1998

angiosperm-dominated forest always remain available
on the landscape. In addition, areas converted to
plantatigns should be allowed to retain or regenerate a
substannal component of deciduous trees, and actions
should be undertaken to ensure the availability of
STiags, cavity trees, and coarse woody debris as critical
habitat for dependent species.
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Appendix 1. Common and scientific names of bird speeies mentioned in this paper.

Common name

Scientific name

Common name

Sclentific name

Common Snipe
Common Nighthawk
Morthern Flicker

Ruby-throated Humimingbird

Least Flycatcher

Alder Flycatcher
Yeliow-bellied Flycatcher
Black-capped Chickadee
Red-breasted Nulhatch
Brown Creeper

Winter Wren
Ruby-crowned Kinglet
Golden-crowned Kinglet
Eastern Bluebird
American Robin
Swainson's Thrush
Hermit Thrush

Veory

Solitary Virco

Red-eyed Virea
Black-and-white Warbler

Socioty of Canadian Ornithalogists Special Publication No. 1, 1999

Capella gallinegn
Chardeiles minor
Colapter auratus
Archilachus colubris
Empidonax minimus
£ afnorum

E flaviventris
Poecile aricapiffus
Stita canadensis
Certhia famifiaris
Troglodytes troglodytes
Repufus catenduly
R salrapad

Sialia stafic

Turchis mtigratorius
Catharus uswlatus
£ gurtiduy

. fuscescens

Firco solitorins

¥ offvacecus
Muidifta varia

Mortharn Parula
Mapnolia Warbler
Black-throated Blue W
Yellow-rumped Warbler
Black-throated Green W
Chestnut-sided Warbler
Ray-breasted Warbler
Palm Warbler
Blackbumian Warblet
Amerncan Redstart
Oventard

Mashville Warbhler
Mourrunp Warbler
Commaon Yellowthroat
Rose-breasted Grosheak
Purple Finch

Dark-eyed Junca
White-throated Sparrow
Song Sparrow

Lincoin's Sparrow

Parula americana
Dendraica magnolia
0. ceerulescens

. coronata

I vivens

0 peasvivanica

£ patmarum

2 palmareum

3 fusea

Setophage ruticilia
Sefurus anracapitius
Fermivora rufieopifia
Oporarnis phifadelphn
Geathlypls trickhus
Pheuwcticws lidaviciomies
Carpodacus purpureis
Junea hyemalis
Zonotrichin ultbicoflis
Meinspiza melodia

M. lincolnii
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Breeding bird population studies at Hayward
Brook, Fundy Model Forest

Gerry R. Parker, Denis Doucette and Denis Haché

Abstract

A 5-year research project at Hayward Brook, a small second order stream within the Fundy Model Forest, began in
1993 to study the ecological implications of retaining forested buffer zones along water courses during forest harvest
operations. This study combined control and experimental plots to compare responses of selected components of the
terrestrial and aquatic ecosystems to buffer zones of different widths and treatments. Pre-treatment {before cutting)
data were collected in 1993 and 1994, Cunting, and establishment of stream buffers, occurred in 1995, while the
ecological responses to those treatments were measured in 1996 and 1997, This paper describes the general swudy
designs and preliminary results of two of those studies, much of the information coming from the intial two years of
pre-treatment resource calibration. One study examines the distribution of sengbird territories in relation to stream
proximity and stand type; the other compares use of tree species as nesting substrates by cavity-nesters.

Résnmé

LIn projet de recherche de 5 ans a é€ initié en 1993 3 Hayward Brook, un cours d’cau de second ordre 3 1'intérenr de
la forét modéle de Fundy, pour étudier les implications écologiques religes au maintien d'une bande d'arbres tampon le
long des cours d'eau lors des copérations forestiéres. Cette éude combine des places échantillons conirbles et
expérimentales afin de comparer les réponses de certaines composantes des écosystémes torrestres et aquatiques a la
rétention de zones tampon {(bandes nveraines) de diverses largeurs et de diverses interventions. Les données d’avapt
maitement furent récoltées en 1993 et 1994, La coupe et I'établissement des bandes niveraines corent lieu en 1995 alors
que les réponses érologiques aux fraiternents furent mesurées en 1996 ct 1997 Cet article décrit le plan d'étude général
et présente les résultats préliminaires de deux de ces €tudes avec la plupart des donndes provenant des deux années
'avant traitemnent. Une des études examine |2 répartition des ternitoires d'oiseanx en relation avec a proximité du cours
d’zaw ¢t aves le type de peuplement | "autre compare I'utilisation des espices d'arbres comme substrat de nid pour les
espdees nichant dans les cavités d arbres,

e T

Gerry R. Parker, Canadian Wildlife Service, Box 6227, Sackville, New Brunswick, Canada E4L 166
{gerry parker@ec.ge.cq), Denis Doucette, 552 rue Breay, Dieppe, New Brunswick, Canada E1A 5NZ: Denis Haché,
Giros Morme Mational Park, BG. Box 136, Rocky Harbour, Newfoundland, Canada A0K 4N0.

Introduction

One of the prime objectives of the Fundy Model Forest
{FMF) is ic impreve knowledge of ecosystem
function, to berter understand the responszes of the
system to forest disturbance, and from that knowiedge
to improve out ability to develop a multiple resource
manzagement plan within the concept of sustamed, or
enhanced environmental quality. There is an initial

Society of Conadinn Ornithologisis Special Publication No. 1, 1999

need to expand and complete certain data bases for
resources within the FMF, and 10 measure the
responses of wildlife tesources to specific forest
interventions and silviculture practices.

Research must concentrate on  establishing
causeleffect relationships and with those results
develop mmproved forest ecosystem management
strategies. 1T sustaining healthy and diverse forest

Biclogy and Conservation of Forest Rirds
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ecosystems is to be a goal of iorest managemeni, then
applied systems of harvest and silviculture must
consider ecological processes beyond those which
directly affect establishment of scedlings and the
growth of future crop trecs. Forest management
guidelines must alse be tested and refined based on
data generated from specifically designed and
scientifically rigorous experimentation. This requites
cooperation and coordination among  biclogical
disciplines and betwoen the scientific and industnial
comumunities.

The concept of the forested stream buffer sudy
was developed by the Greater Fundy Ecosystem
Research Group (GFERG), a committee of scientists
and managers concerned by the. fragmentatton of
forzsts by timber harvesting in southern New
Brunswick, especially as it increasingly isolates Fundy
Marional Park. Among the concems over the changing
landscape was that of forestry practices near water
gourses, and the abiliey of forested stream buffers o
ensure the ecological integnity of agquatic and
terrestrial systems. Canadian Witdlife Service,
Environment Canada, was asked to develop a research
study to address that concern, especially as it might
affect breeding bhirds.

This paper outlines the methods and approaches
of this smdy and presents some prehminary results
from the pre-treatmenl phase. The study was designed
as a 5- year cause—effect expenmental research project.
The first challenge was 1o find a watershed within
FMF which would lend itself to this experimental
approach. The landscape within FMF has a long
history of forest harvesting, and complete unaltered
watersheds would be unusual. Howewver, through
comsultations with the landowner {J. D [rving Lid.),
the Hayward Brock area was identilied as one of the
few which mipght lend itself to such a cause-effect
experiment. The 30 km= arca was accessible, wholly
owmned by ). D lrving Lid., and the proposed timber
harvest operations would necd only  slight
maodifications to  accommeodate  the  proposed
treatmments.

The Hayward Brook Study Group (HBSG)
included personnel  andfer  resources  from
Envirgnment Canada, Maiural Resources Canada,
University of New Brunswick, Université de Moncton,
and LD, krving, Ltd. Sources of lunding included those
fromn the principal partners as well as from the FME

Study Design
The study area consists of approximately 30 km= near-
mature {~80 yr) mixed forest at Hayward Brook near
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the towm of Petitcodias in Westmorand County, New
Brunswick. It lies within the upper reaches of the
Hayward and Holmes Brooks watersheds which drain
westetly into the Anagance and Petitcodiac Rivers and
15 localed within the northeast portion of the Fundy
Model Forest in southeastern New Brunswick {Figure
1y, The basic design is a 3¥-vear cause-effect
experimental study with pre-treatment, treatment and
post-treatment phases. The orgimal objectives of the
overall study were to measure changes to the physical
gualines of the water and stream flow and breeding
bird populations from cutting and retention of forested
stream course buffers of different widths. The value of
this experimental approach became obvious and other
researchers joined the project 1o swudy additonal
components of the aquatic and terrestrial systems.

Figure 1. Location of the Hayward Brook study area
within the Fundy Model Forest in southeastern New
Brunswick

BRUNSWICK

e w

There were 2 replicates of the following 4
treatments: (13 clearcutting with 30 m buffers; (2)
clearcutiing wilh 60 m buffers; (3) “best management
practices”, i.e., clearcutting and selection cutting; and
(4} contro] {no cutting). The 3-year study called for
two years of pre-disturbance resource calibration
(1993, 1994}, one wyear of tmber harvest (1995)
followed by twoe yoars of post-disturbance responsc
measurement {1996, 19971 | The main study plot at
each site extended 150 r perpendicutar 1o each side of
the steam, and Mollowed the water course for dislances
which vaned at individual sues Trom 650 to 1000 m
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(20 - 30 ha). The study design was intended to
accommodate an assessment of cutting and forested
buffers on the richness, density and diversity of
breeding birds and the spatial distributions of their
territortes. The distibution of macroplots and the
harvest treatments within the Hayward and Holmes
Breoks drainages is shown in Figure 2.

Figure 2. Distribution of control and experimental
plots within the Hayward Brook study area and the
treatments {timber harvest operations) which were
applied in late summer and fall 1995,

‘ : Study Plotr for
Breeding Bird Tarratcwien,

A second component of avifaunal stedies ar
Hayward Brook examincd nest tree selection and
habitat nze by cavity-nesting species of birds. Existing
snag-managernent guidelings for New Brunswick, and
for Acadian Forests in pgeneral, are based on
inadequate knowledge of the habitat requirements and
use by these important forest birds. For example, there
are no specifications concerning species, sizes,
conditions or emplacement of snags to be retained
dunng commercial harvesting operations.

Breeding birds that make extensive vse of tree
cavities are divided into two groups: primary caviby-
nesters and sccondary cavity-nestérs. Both groups use
cavities in trees for nesting and roosting. Primary
cavity-nesters, such as woodpeckers, excavate the
cavibies they use. Secondary cavity-nesters, such as
nuthatches or chickadees, usc maturally oceurring
cavities or abandoned cavities excavated by prmary
cavity-nesters, although they will on occasion
excavate their own cavities in very decayed wood. This
2-year research project congentrated on the nesting
microhabitats of the cavity-nesters found in the
Hayward and Holmes Brooks drainage basins and
attermpted to characterize primary and secondary
cavity-nesting microhabitat,

The study of cavity-mester habitat is not new,
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although its importance has increased with the
recogrized role of snags in forest ecosystems, Many
research projects have dealt with various aspects of
cavity-mesting  bird  ecology. Nesting  habitat
requitements (Conner et al. 1973; Conner and
Adkisson 1977; Li and Martin 1991), foraging habitat
selection (Kilham 1970, Conner and Crawford 1974;
Conner 19813, and effects of hahitat modification
(Galli et al. 1976, Zamowitz and Manuwal 1935,
Stribling et al. 1990) are but some of the aspects of
cavity-nesters that have been and are currently being
studied. Most research in North America has been in
the United States, although suprisingiy little from the
northeastern part of the continent. Yery few studies of
cavity-nesters have been conducted in Atlaptic
Canada. Cavity-nesters are believed 1o have different
nesting habitat search images depending on forest type
and composition, as well as geographical location
{Lundquist and Mariani 1991). Nesting habitat
requirements for cavity-nesters in southern New
Brunswick, for instance, may differ greatly from those
of similar birds Tocated elsewhere on the continent. It
is thus of prime importance to quantify the use of
nesting habitat by cavity-nesters in New Brunswick to
ensure the proper management of these birds in the
Acadian forest.

The & study plots were established as sites for
specific interventions, Their placements were chosen
g¢ that individual site treatments would not affect the
rescurces of any of the others. As the widths of all
plots were standardized at 300 m, the area of cach
deperded upon the distance of the stream it included.
Plot length was influenced by property boundaries and
strearn length and fow, so imdividual plot sizes varied
from 20-36 ha,

Each piot was flagged at 50 m intercepts to aid in
the breeding bird surveys. Most tTansects were further
subdivided and marked by flagping to ensure that field
personnel knew their precise location at all imes, This
master gnd was maintained theoughout the study and
was used in the selection of vegetation and small
manmnal sample sites, The gnd was also convenient
when sampling for feeding and nesting sites of
wobdpeckers. The tree cover on 2l plots was
predominantly second-growth muxed forest {Table 1).
The age of most matuere trees, as determined from core
samples of 4 randomly selected trees at cach
vegetation sampling site, was approaimately 80 years.
A few red and white pines were aged at slightly over
160 years.

Red spruce, red maple. balsam fir, trembimg
aspen, white pine and white birch {in decreasing order
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Table 1. The stand compasition of all plots expressed as number of hectares of each stand type in the Hayward Brock
study arca.
Stand Type
Plot# THIH IHTH INHW [HSP SPIH THSP SPTH SPBF BFSF PINE NP
1 7.9 0.5 208
2 5 2.5 g1 A9
3l 0.% 54 7 0.4 72
4 2.1 2.1 L5 54 la 0.5
5 0.2 g7 14.3 6.6
o 02 7 43 L 12
7 0.2 12.8 1.2 B4
8 58 0.9 2.1 2.9 78
9 33 2.2 57 5.2 3
16 21 39 6.6 25 0.1

THIH = 50-75% tolerant hardwoods, 25-50% intolerant hardwoods; THTH = 50-75% intolerant hardwoods, 25-50%
tolerant hardwoods; TINHW = >70% imolerant hardwoods; THSP = 50-75% intolerant hardwoods, 25-50% spruce;
5PIH = 50-75% spruce, 25-50% mtolerant hardwoods; THSP = 50-75% tojerant hardwooeds, 25-50% spruce, SPTH =
50-75% spruce, 25-50% tolerant hardwoods; SPBF = 50-75% spruce, 25-30% balsam fir, BFSF = 50-T5% balsam fir,
25-50%% spruce; PINE = >50% white and/or red pine; NP = strip of alders over stream, classed as non-productive.

Tolerant hardwoods include American beech, yellow birch, red and sugar maple; intolerant hardwoods include

trembling and largetooth aspen, and white and grey birch.

of basal area) were the dominant tree species in the
study area, Speckled alder, characteristic of rparian
sites, was also common. Most sections of stream on all
plots were bordered by a closed band of alders from
1 0m 1o 30 m wide, As buffer zones began at the stream
edge, these alders fell within the arca protected from
cutting. Forest canopy closure over SITeams was
inversely related to the widih of ripanan alder cover.
Coniferous tree species predontinated on Plots L, 2, 9
and 10 while the remaining plols supported a more
mixed forest. White birch and mrembling aspen wers
dominant om Plots 3 and 4, respectively, while red
maple 2nd red spruce were sub-dominants on both.
Red sprucc, red maple, trembling aspen and balsam fir
dominated on Plots 5 through ¥, wiile black spruce
was common on Plots % and 10, Roads wete
established in the autumn of 1994, and timber
harvesting (trcatments} began in the summer of 1983
and continued into the winter of 1995/96,

Methods
Bird Territories
The standard termitory mapping method was used to
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sample the bird communities on all plots ([ntemmational
Bird Census Comminee 1970} As song is the
principal means by which males both defend a
territory and attract onmated famales (Welty and
Baptista 198%), individual bird territories can be
mapped by repeat surveys of singing males on a
defined tract of foresied habitat. Ome observer walked
slowly along transect lines and recorded the exact
position of all birds observed and’or heard on a map
(scale = 1:2,000). The principle data for cach
chservation included species and sex of bird, use of
song and use of calls. Additional information might
include displays of courtship behaviour, aggressive
interacticons, nest buildimg, nest use and food carrying.

Each plot was surveyed 67 times through Lhe
breeding season, Visits werc cvenly distributed
between 26 May and 10 June 1993, and betwoon
2% May and 4 July 1994, Surveys werc usually
conducted between (600h and 1100 h {AST). Each
observer (3 in 1993, and 4 in 1994} conducted an equal
number of surveys on each plot to minimize potential
bias from variable levels of skill 1o detect and identify
bird species. As surveys extended over a period of
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several hours, starting and finishing locations within
piots were varied to avoid potennal bias due to diumal
vanation in bird activity. As heavy rains and strong
winds also reduce bird activity and observer
efficiency, surveys were nol conducted during
inclement weather. Speed of survey remained constant
AMONE SUMVEYors.

Dbservations for each visit (o a plot were recorded
on separate maps, At the end of the bird surveys all
observations for each species were tabulated om a final
species map. Species maps show which species were
present, where and when they wert observed and
occasionally some of their behaviour. Species maps
revealed the number and the spatial arcangement of
termtories from clusters of bird registrations. Most
registrations are locations of male birds singing.
Termitories are, therefore, defined by an arca used by a
singing male. Three registrations were the minimum
nurpber required before a cluster was accepted as a
territory.

Bird observations extended to 50 m putside plot
boundaries. These registrations helped to determine
the position of territories that cxtended beyond the
defined survey plot. Edge territonies were counted as
half of a territery (Bibby et al. 1992). Due to a change
in the harvest plans by the land owner, the hird
commuruty on Plor ¥ was sampled during the first year
only (1993), while Plms 9 and 10 on Holmes Brook
wete added in the second year {1994} to provide
replicates of 60 m buffers.

Wegetation was sampled using the circular piot
method described by Noon (1981). These 22.6 mé
{0.04 ha) diameter plots were centred at andomly
selected 50 m intercepts on the transect prids used for
surve¥ing breeding birds. One-quatter of these points
in each plot were selecied for vegetation sampling with
& table of randem numbers. This sampling scheme
included approximately five percent of the total bird
census plot area. A total of 293 vegetation samples
were distributed throughout the 10 plots and were
measured afier the bird breeding season. Citoular
sampic plots were delimited by setting out two 22.6 m
ropes in the cardinal directions so that their centers
crossed at grid interceptor points. Withir the circular
piot, all trees with stems greater than 3 cm in diameter
at breast height {dbh) were taliied by species and
placed in one of seven dbh size classes. Snags (dead
and partially dead trces) taller than 1.4 m with dbh
greater than 3 cm were tallied using the samc dbh
clazses,

Understory vegetalion was sampled by two
procedures: {1} saplings with a dbh of 3 to B ¢m were
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counted along with trecs and placed in the first size
class; and (2) shrub stems of a diameter lcss than 3 ¢t
and taller than | m were counted in two 2 m wide beh
transects priented along the cardinal directions within
the circular plot. Coniferous and deciduous stems were
tallied separately. Stumps between 10 cm and 1.4 min
height were also counted within the 0.04 ha plat.
Coniferous and deciduous stumps were recorded
separatcly,

Foliage profiles estimate the density of vertical
vegetation strata of the forest. Foliage profile was
measured at 2¢ points glong 2 axes oriented in the
cardinal directions within the circular plot. Foliape
profiles were measured by sighting through an ocojar
tube, made from a piece of plastic tubing with cross
hatts at one end. At each of the 20 locations, the
presence or absence of green vepetation ar the
intersection paint of the cross hairs was recorded for
each of the following vertica] layers: (1} G- 0.5 my( 2)
0.5 -3.0m; {3) 3.0- 1.0 m; and {(4) more than10.0 m.
The first stratom (proomd layer) was estimated by
sighting downwards directhy over each of the 20
locations, while the others were observed by sighting
upwards. The height of each layer was estimated
visually, Observer estimation was aided by other
measures of canopy height obtained with a clinometer
that were not included with these analyses.

An important modification of this method was
how the data were recorded. Rather than simply noting
presence “+" or abgence - of vegetation, the
presence of vegetation was recorded as either
deciduous (D), coniferous {C), or as ground layer
vegetation {H - represented a species that would not
grow out of the ground cever and was used only in the
{ - 0.5 m layer). Absence of vegelation was noted as
“gr.

Simple indices of species richness, densily and
diversity were calculated to describe the bied
commumty of each plot, Species richness is the
number of breeding species present; diversity was
expressed by the ShannonWeiner diversity index H',
denved from the formula

8
H'=- 3p, leg. »;
n=1

where & = the number of species, and p, = the
proportion of the i* species in the community.

A geopraphic information systent (G135) using the
Arc/Info software program was used to znalyze and
describe the spatial distbution of bird territonies (see
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Shaw and Atkinson 1990). The study plots and bird
territonics were digitized into the Fundy Model Forest
GIS database. Study plots were divided into zones
located at 5 distances from the stream. The density of
bird termtories was then compared between the
different zones. Zome 1 was cemtered on the stream and
had a width of 60 m. The 4 other zones consisted of the
area on both sides of the siream within the following
ranges of distance: 30 - 60 m, 60 - 90 m, 90 - 120 m,
and 12{ - 150 m.

The frequency of overlap between species’
terdtories and stand typos was also examined 10
determine whether forest stand availability was
proportional to use (degree of forest stand selectivity}
by each species. Ten stand types were identified in the
study area (Table 1). Bird territories were related to the
vegetalion measurements of piots located randomly
within the boundaries of respective territorics. When
several vegetation plots fell within the same bird
ternitory, the means for vegetation measurements from
those plots were used. Mean number of vegetation
sample plots per bird territory mapped in 1993 and
1994 were 2.43 (£1.47) and 2.41 {£1 37}, respectively.
Of 1430 bird territories, only 10 and 16 contained ne
vegetation sample plots dunng 1993 and 1994,
respeclively. These territories, and bird species with
less than B territories identified during one breeding
season, were not used i these analyses.

The habitat variablies were sumimarized into three
diffcrent data sets. Distribution of birds was analyzed
in relation to (1) variables representing the amount of
basal arca per tree species for all trees larger than 3 em
dbh, (&) wvanables of stemn densities of snags,
coniferous and decidusus trees of different size
classes, and {3} vanables representing the folage
profile. Thus, the ordination of bird habitat selection
rclative (o two data sets that describe the habitat in a
structural fashion was calculated as well as one data
set that provides a description of the flonstc
composition of the habitat, In a graph from a
correspondence analysis, the proximity of the points
and their direction indicate their similarity (see
Citgenacre 1984}

Cavity-Nesters

A preliminary season of cavily searching was
conducted during the 1993 ficld season, Active cavily
nasts (1e, cavities psed for nesting during that
reproductive season) werc located duning  breeding
bird surveys. Active cavily-nests were identified with
flaggang tape and mapped for future reference. The
first season of calensive cavity scarching began in
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1994 Cavity searches began on 11 May and were
concluded on & July, by which time most young were
fledged. Cavity searching was interrupted from 28
May to 4 luly while ficld personnel were ocoupied
with breeding bird censuses; during this petiod cavity
searches were mostly confined to the breeding bird
survey plots. Cavity searches werc conducted from
approximately 0600 until 1100k ADT. The forest
habitat adjacent to the breeding bird survey plots was
alse searched for evidence of cavity-nester breeding
behaviour fie. couttship  rituals, drumming,
conflicts, excavanon, etc.). Piles of wood chips or
coarse sawdnst at the bottom of some trees also helped
to identify fresh excavations. Cavity searches were not
carried out during rainy or exceprionally windy days.
Regular visits to trees with active cavities were
conductad at 4 to 5 day intervals to determuing general
breeding chronology and presence of predation. Cavity
locations in 1993 were also examined to determine
degree of cavity and cavity-tree re-use. Cavity
searches in 1995 began on 2 May and concluded on 6
July. They were briefly intettupted for twi days during
the first week by a storm that Jeft 5 10 [0 em of snow
on the study arca. This snow persisted for almost two
weeks and seemed to lessen our scarch efficiency.

The vegetation near nest-trees was sampled as
described for the bird-territory study except that the
0.4 ha plots were centred on the cavity trees, and all
trees. and snaps with stems larger than 8 cm dbh
(considered minimum diameter for potentizl cavity
nest trees) were measured and mapped to record their
spatial disttribution within each sample plot. Trees
were identified to species, while snags were identified
to type (coniferous  or  deciduows) and by
decomposition  stage (3¢ Hunter 1990  for
decomposition stage classification). All nest-tres
measarements and microhabitat sampling  were
performed after fledging se not to interfere with
reproductive activities.

An equal number of potential cavily-trees was
selected randomly on each study site, Descriptions and
measurements of these randomly selected trees and
their swrounding microhabitar were made to search
for differences between selected mest sites and
apparently potential nest sites that were not sefected.
REandom sites were chosen using a dot grid over a
forest cover map {scale = 1 : 12,5040, One tree on each
of these sites was chosen randomly 1o malch ap actual
cavity-tree found during cavity scarches, Random
trees matched o live trees had 1o be of the same genus
(for aspen} or speeies (for all other trec species) and of
sitnilar dbh (£ 5 ¢m when possible). Random trees
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matched to dead or further decayed trees (snags} had 1o
be of the same decomposition stage and dbh (£ 5 cm
when possible). Some of the very large trees and snags
used as cavity substrate were difficolt to match
because of their ranty, causing selection of smaller
randem trees and snags.  Principal Component
Analysis was used to quantify the nesting habitat of
cavity-nesters found within the Hayward and Holimes
Brooks drainage basins, Exact choices of statistical
tests and database formats are being resolved at the
present time. The Arc/Info GIS will also be ysed to
help analyze the data. Nesting-cavity locations will be
digiized into the FMF GIS and maiched 10 the
existing forest stand classification.

Results

Bird Tarritories

Sixty-six species of hirds were observed during the
breeding bird censuses in 1993 and 1994. Forty-twe of
those species were breeders with at least one termitory
within the study plots during ane of the seasons. The
24 other species were either visitors from other
hatatats {¢.g.. Common Mighthawk, Tree Swallow,
Chimmey Swift, Amencan Crow, Cadar Waxwing,
Chestout-sided Warbler and Brown-headed Cowbird},
or forest birds that were not breeding, breeding ouotside
of the study plots, inconspicuous due to low density,
nocturnal, of discreet behaviour, or had an extremely
large home range {American Woodcock, Ruffed
Grouse, Broad-winged Hawk, Bammed Cwl, Ruby-
throated Hummingbird, Pileated Woodpecker, Least
Flycaicher, Common FRaven, Grey Jay, Borcal
Chickadee, Northern Waterthrush, RKed Crosshill and
American Goldfinch). Many are species not targeted
by the census technique used.

Seven hendred and  thiny-five  terntorial
individuals were counted in 1993 and 695 in 1994, The
total numbers of termitories used, however, were
reduced to 684 and 621 because edge territories were
counted as one-half (Bibby etal. 1992). The number of
bird species found to be breeding on individual plots
averaged near 25 both years (Figure 3). The most
common breeding species on the study area wers
Magnolia Warbler, Black-throated Blue Warbler and
Ovenbird, the total termitonies for each averaging 45-60
per year (Figure 4). The breeding avian community
was dominated by parulid warblers; fificen species of
warbler accounted for more than one-half of the
territories mapped: 373 (54.5%) in 1993 and 367
(39.1%) in 1%94. The most common warblers were
Magnolia Warbler, Black-throated Bluye Warbler,
Ovenbird, Blackburnizn Warbler, Northern Parula,
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Figure 3. Number of bird species breeding on the
study plots in 1993 and 1994,
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Bay-breasted Warbler and Canada Warbler Other
important families were (number and proporton of
total ternitories in 1993 and 1994): Turdinae - 55
(B.0%) and 50 {B.1%4); Vircomidae - 53 (7.7%) and 33
(5.3%); Sylviinae - 36 (53%) and 355 (5.7%);
Tyranmidae - 31 {4.5%) and 32.5 {5.2%) and Picidae -
31 (4.5%) and 23 (3.7%).

Figure 4. The most abundant species breeding on the
study plots in 1993 and 1994, MW = Magnolia
Warbler, BTB = Black-throated Bloe Warbler, OV =
Owenbird, Bbn = Blackbumian Warbler, NP =
Morthern Parula, 5V = Solitary Yireo, CW = Canada
Warbler, GCK = {olden-crowned Kinglet, YBF =
Yellow-bellied Flycatcher, ST = Swainson's Thrysh,
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Terntory densities ranged from 2. 50/ha 10 4.35/ha
in 1993 and from 1.67ha to 3.94/ha in 1994. An
average decline of 158% in territory density was
cbserved between 1993 and 1994 on plots surveyed

finlogy and Conservation of Fores! Birds




80

Parker. Doucette and Haché

Figure 5. Densities (pairs/ 100 ha) of breeding birdtermitories on plots surveycd at Hayward Brook in 19973 and 1004
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both years {Figurs 5. A gradient of density related to
alttude seemed to be apparent when ranks of bird
densities were examined for the plots on Hayward
Brook (Plots 1 through 8). Densitics were at their
lowest on Plots 1 and 2 in the upper reaches of the
watershad. Densities  increased down stream  and
were highest on Plots 7 and 8. Species richness was
also Jower in 1994 with the exception of Flots 1 and 4,
Species diversity was generally lower in 1994 (Table
2).

In 1993, mean densities of bird territories within
zomes 1 to 4 {(zones were J0m wide strata parallel to
cach side of the stream)} ranged betwecn 3.29%ha and
3.52/ha and were not significantly different from one
another (Table 3). The mean density of zone 3, the
most distant from the stream, was oot significant!ly
different from zone 1, the Closcst to the stream, but
was lower than the others (Tukeys pairwise
comparisans of means). Although mean densities wete
lower during (he second year, pairwisc compansons
were similar. Mcan densitics within zones 1 to 4
rimged from 2.82/ha to 2.9%ha and were mnot
significantly different rom onc another; however, mean
density in zone 5 (2.15/ha) was less than in the
others. Dhstance from stream had a significant effcet on
the variation in density of I8 individual bird species,
Tukey's test for non-additivity indicated that 12 of
these contained a significant interaction belween
factors of distance and census plot. In five cases
(Yellow-bellied Sapsucker, American Robin, and
Ovenbird in 1993; Black-capped Chickadee and
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Table 2. Number of species (tichness, R), density of
territories (T) per ha, and Shannon-Weiner Index of
Diversity (D) of birds brecding on plots surveyed at
Hayward Brook m 1993 (17 row} and 1994 (2™ pow).
(* = plot not surveyed},

Plot# Area R T D
tha)
1 30 22 25 1.22
26 238 1.3
2 1975 20 263 [.2
18 1.67 1.17
3 a1 26 3.19 1.32
23 3 1.27
4 30 i 39 1.38
31 322 1.39
5 305 3 359 1.36
27T 289 1.3
L 21 28  3.67 1.36
24  3.05 1.7
7 24 30 435 1.37
28 3294 1.36
B 20 3% 4.1 1.43
o 19.5 e ——
24 108 1.27
10 195 N —-
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Table 3. Results of analysis of vatiance of mean terrtory density per hectare of individual species and of all species
together within 5 zones of increasing distance from the stream, Species presented are those whose mean densitics were
significantly affected by distance as detected by bwo-way analysis of varance without replication. Critical values for
comparison (CYC) as well as degrees of freedom (DF) for Tukey s pairwise comparisons of means are presented, Total
nurnber of territonies (NT) and number of plots (NF) where the species was present are also shown. Zone 1 was a 60
m wide strip centred on the stream and zones 2 to 5 consist of the area on both sides of the stream within the following
ranges: 30 - 60 m; 60 - 90 m;, H0 - 120 m, and 1200 - 150 m,

TONE
SPECIES 1 2 k. 4 L3 VL DF NP NT
1993
Yellow-bellied Sapmucker * 0113% OGBS L0TO DOEEIT  DOSP  QO207 28 8 210
Yellow-bellicd Flyesteher * 02097 DIBSY O399 00885% 00403 00942 23 ] s
Winter Wren * CIMA  QI09EY GOTASE GOdsd™~ 00286 O07TT M4 7 t3.s
American Robin * CISE™  QUI28F" GUIOG4™ D074 D038 00745 16 3 135
Bay-breasied Warbler G246 QLTS G2 Gidd* GTe 0073 0 & 4.5
Blackbumisn Warbker 02004 O2041* 1989 QLISSSM QILTT DO7ST IR ] 6.5
Ovenbind * COSBE" G158 027TES 036410 034794 00846 78 E 1.0
All Epupein A28TES 14897 ASIE2 34044 ZEETI OMNT 28 ; 6840
1684

Yellow-belliad Etycatcher 01659 0040 01208 Q098E~ O00T04* QORI 32 ¢ 255
Blsck-rapped Chickades * L1195 01213 01258 0.I41™ 00762 00N M T 0.0
Rcd-broapied Muthatch * QOE D078 DOME 005932 003200 00340 32 9 140
American F.obin CIGHr  0101Y 00895 0DG12Y D03 00527 20 [ L3
Veery * 00908 00BN QO3B QMATY D044 00564 1S 3 B.O
Solitry Vireo CIS20F  DI3EBE QI0sT™ QOTI2Y  OfMTIF G0de0 32 9 340
Black-throated Blue Warbler ** 01003 02001 C29D0*  GI0ET  4EP e 12 ) 56,5
Yellow-rumped Warbler * 0.0323  COHst 00728 00936 Q0803 00550 0 12 4 13.0
Cansds Warbler * 02067 1539 QLIDASY QY Q0TI D012 2R ] 6.0
Bay-breasted Warbler 025340 02102 01600~ 001607 CO0E3Y 00736 12 ] 35
Ovenbind ** 00564 G I36Z* 02123 0250145 045 —— 22 9 ain
All Speciam *+ FHIDST  Z9268F  ZORRSY  ZEMS0F ZISAY 32 ¢ &21.0

* interaction between factors of distance and sampling plot could not be eliminated.

** interaction between factors was eliminated by transformation 10 natural logarithm In(x).

¥<d within cach row, letters in superseript identify groups of mean densities that are not significantly different from
one another based on Tukey's pairwise cotnpansens.

Canada Warbler in 1994), transformation of data could
not eliminate the interaction.

A gradiemt of decreasing territory densities with
increasing distance from the stream was apparent in
many species for which distance had a sipnificant
effect (Yellow-bellied Sapsucker, Yellow-bellied
Flycatcher, Winter Wren and Amencan Robin in 1993;
Solitary Vireo and Bay-breasted Warbler in 1994). The
opposite effect was apparent with the Black-throated
Blue Warbler and Owvenbird - densities of both
increased with distance from stream. Although distinct
trends were not as evident for other species, densities
wete penerally higher wathim the fitst two to three
zomes from the stream (from O to &60-50 my).

Frequencies of occurrence of breeding hird
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ternitonies within different forest stand types allowed a
measurement of stand preference, if any, for each
species. The results of these analyses are not yet
completed. However, with few exceptioms, it appears
that the overall propertionate yse of different stand
types by all species remained constant over the two
years. Frequency of pccurrence of territories within
stand type classes obtained it 1993, in 1994, and for
both years combined showed that the breeding bird
tertitories were unevenly distributed among the
different forest stands, ie. birds were selective for
specific habitats used for breeding. In general, stands
of intolerant and tolerant hardwoods and mature
mixed woods were selected for, while stands of
intolerant hardwoods amd pine were selected against,
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Stands of conifer {spruce [species lumped] and balsam
fir) wete nsed in propartion to availability.

Cavity-Nesters

In 1995, active cavities were located by ctiss-crossing
the breeding bird sample plots and, to a greater extent
than in 1994, the forest adjacent to lhese plots, Fewer
nests were found in 1383 (p = 34) than in 1994 (n =
57}, due most likely 1o fewer persons searching and a
shortened season due to the beginning of forest harvest
operations m June 1995, Breeding chronologies were
conducted in both years for some of the meore
accessible nest sites, In 1999, harvesting operations
kegan before some birds could successfully fledge
their young. Trees and snags used as cavity-nesting
sobstrate in 1993 and in 1994 were revisited
throughout the summer of 1995 to determine degree of
re-usg; omnly 9 of these trees and snmaps were re-used
from the preceding nesting seasons. All nest site and
tandom site coordinates have been georeferenced
using GPS devices and digiized into the Fundy Medel
Forast 1S at Sussex, and GIS analyses are currently
underway with help from the ARC/YIEW program.

Table 4. Number of nests of each species of cavity-
nesting bird from 1993 to 1995,

Species 91 194 1995 Toml
Black-capped Chickadet o 2 2
Dewny Woodpeoker 0 & a
Hairy Woodpecke: 'l 5 3 12
Nertben Flicker b 4 2
Fileaied Woodpecker ] 3 | 4
Red-breasted Muthutch ] 9 7 22
Yellow-bellicd Sapauker 20 24 |% 67

A wotal of 121 active cavities from 7 cavity-
nesting species were found over the three figld stasons
{Table 4). Yellow-bellied Sapsucker was Lhe most
commen species with a total of 67 nests, Of all tree
species used as cavity trees, rembling aspen was by
far the favoured species, accounting for 79.3% of all
nesting cavities found from 1993 to 1995 (Figure 6),
although, in basal area, aspen varied from 24% to as
low as 5% in plots sampled. Red spruce was the most
common species, followed by red maple and baisam
fir. Yellow-bellied Sapsuckers have been shown to nest
frequently in trombling aspen in the northeastern
United States {Kilham 1971). Since much of the study
area contains ather larpe aspen trees {25 10 45 om
dbh), it appears that the Hayward Brook Study Arez
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Figure 6. Distribution of active nests (n=87) among
tree species used by pnmary and secondary cavity-
nesting species of bird in 1293 and 1994,

TREES USED FOR CAVITIES
(1993 and 19M4; n= 97

CAVTY TREE SPECES

offers suitable habitat for most species of woodpecker.
Although further analyses of the data will allow
greater comment on that assumption, the importance
of trembling aspen as a nesting substrate is apparent.

Discussion

[ndices of breeding bird species richness and density
estimates are similar ie Tesylts of breeding bird
surveys of 1992 in nearby Fundy WNatiomal Park
{Christic 1993). In that study, densities of 2,75 (0 3.89
pairs’'ha and species richness of 15 to 22 were foond in
predominantly comfercus forests of the park. This
compares well with predominantly coniferpus sites at
Hayward and Holmes Brooks {plots 1, % and 10} where
densities ranged from 2.38 to 3.08 ternitoniestha and
species nchness ranged from 22 to 26. Mixed
comiferous-deciduous sites in Fundy Park had densities
of 2.31 to 3.89 pairs’ha and specics nchness of 17 to
23, Mixed sites at Hayward Brook (Plots 2, 3, 4, 5, 6,
7 and B} had densities between 1.67 and 4.35
tertitories’ha and species richness of 1810 32,

Riparian habitats

Many studies have shown that certain riparian habitats
support highet bird densitics andior a more diverse
breeding commumty than forested upland habitats
(Staufler and Best 1980; Tubbs 1930, Swift t al,
L9843, However, most of those studies were situated in
argas where the contrast between npatian and upland
habitats was obvious. The rparian zone at Hayward
Brock was very narmow and differed linle from the
adjacent forested habitat. Mcan density of bird
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termitonies was not sigrmficantly different among the
First four 30 metre zones from the stream (0 to 120 m).
However, the mean density of breeding bitds in zone 5
{120-150 m) was significantly less than in the others.
The apparent lower densities in the outer zone may be
due to the influsnce of edge. The boundaries of bird
territories are more difficult to determine at the edge
of a plot than within (Bibby et al. 1992). Also, the
zones created at different distances from streams with
the “buffer” function of the Are/Info program may
have extended partiaily beyond the edpe of coverage
of the census plots. The subsequent enlarged area of
zone 5 would contribute to ceduced density estimates
for that cutside zone. We conclude, therefore, that
overail densities of breeding birds did not vary by
distance from stream, which supports a similar study
of second order streams in the Blue Ridge Mountain
range of Virginia (Murrey and Stauffer 1995).

It has been suggested that the width of riparian
habitats may limit species richness of ripatian avian
communities [Manuwal 1986). Although distance
from swream did have a sipnificant effect on the
densities of several species, no species was exclusively
restricted 1o, or dependent upon the riparian area {i.g.,
the strip of alders and/or the opening of the canopy
over the stream). Mean density of seme species, such
as Yellow-bellied Sapsucker and Winter Wren in 1993,
Sclitary Virec in 1994 and Yeltow-bellied Flycatcher,
American Robin and Bay-brcasted Warbler in both
years, showed significant decreases with increasing
distance from siream.  The effect was most
proncunced for the American Robin whose mean
density was 431% higher near streams than at edges of
census plots during 1993 and 27795 higher in 1994,
This species is known to be a forest cdpe dweller
(Elliot 1987) and probably reacted to the canopy
Opening over streams simmilar to forest edge,

Stand characteristics
Stand-type (for description of stands see Table 1)
selection was examined for 23 species of breeding
birds for 1993 and 1994 combined. Seventzen of 23
species were found to have a distribution that was
significantly different from that expected (Table 3).
Yellow-bellied Flycatcher, Red-breasted Nuthatch,
Brown Creeper, Golden-crowned Kinglet, Swainson's
Thrush and Yellow-rumped Warbler wers the six
species for which the hypothesis that their territories
were evenly distributed among the different classes of
stands sampled could net be rejected.

There was general agreerment between analyses of
breeding birds with forest stands and with basal area.
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Surprisingly, no birds were related to densities of
comiferons and deciducus stems taller than 1 m and
less than 3 ¢m in diameter {the smallest stem classes
measured}. Studies elsewhere have found these
vanables sigmificantly related o distributions of some
breeding birds {Whitmore 1975; Anderson 1979,
Niemi and Pfannmutler 1979, However, results from
this study suggest that this level of forest classification
may net be necessary for descrbing availability of
avian habitat in the Acadian forest. Such
measurements of habitast may be most apphicable in
mature stands where birds often use habitats above the
shruby layers. The presence of lower vegetation would
be most important in regenerating forest stands, Le.
where the overstory is reduced or absent. The densities
of saplings (stems of 3 to 8 cm dbh} were related 1o the
distnbution of several birds, such as the American
Robin, Veery, Black-and-white Warbler and Canada
Warblet, all of which showed preference for coniferous
saplings. The American Robin often nests within
saplings (Godfrey 1986) while the other three species
often mest at the base of shrubs or saplings. The
Mashville Warbler and Ovenbird were most commmon
where densities of deciducus saplings were highest.

Associations betwsen many breeding birds and
densities of large stems suggests selection for & mature
forest structure. Bitds such as the the Red-eved Vireo,
Black-throated Blue Warbler, Canada Warbler,
Ovenbird, Wertherr: Parula, Bay-breasted Warbler,
American Redstart and Black-capped Chickadee were
all related to high densities of large deciduous sterns.
The Yellow-bellied Flycatcher, Red-breasted Nuthatch,
Brown Creeper, Golden-crowned Kinglet, Yellow-
mumped Warbler and Blackbumian Warbler were all
related to high densities of large coniferous stems. By
themselves, foliage profiles were not particularly
suitable for describing bird habitat selection,

In sumtnary, none of the 42 species of birds
breeding at Hayward Brook were exclusively
associated with niparian habitat. However, a few
species, such as the Yellow-bellied Sapsucker and
Winter Wren in 1993, Solitaty Vireo in 1994, and
Yellow-bellied Flycatcher, American Robin and Bay-
breasted Warbler in both years, did have significantly
higher densities near streams. Two species, the Black-
throated Blue Warbler and the Ovenbird, had
significanily lower densities near streams, similar to
their avoidance of forest edge. The responses of
established breeding bird populations, as defined
during the first and second years of this soudy {1993,
1994} to timber harvesting and retention of forested
stream buffers will be measured in 1996 and 1997
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It may be possible to predict the avifaunal
communities over a defined landscape by knowing the
forest stand composition of that landscape. More
research is needed, howewver, to better describe
bird'habitat relationships and to refine population
predictions 1n other areas of the Fundy Model Forest.
Although this stady did estimate availability of avian
habitat over a prescribed landscape, many questions
remain unanswered. We know very little of the impact
of forest fragmentation on distnibuticn, abundance and
reproductive rates of forest breeding birds. The impact
of minimum area of breeding habitat is most evident
and measurable in areas where fragmentation has
resulted from agriculture and wrbamization, bur is less
apparent where forested habitat is a patchwork of
regenerating blocks of different ages following

Pavker. Doucetrte and Haché

distyrbance, as demonstrated by Sabine et al. {1996}
for Ovenbirds in Wew Brunswick. These questions are
jmportant when developing a forest-wildlife habitat
manapement hlan.

Cavity-nesters

The relative abundances of the 7 dominant specics of
cavity-nesting birds illustrate the importance of the
Yellow-bellied Sapsucker to that particular avifaunal
guild. This one species occupied more than one-half of
the total active nests locared at Hayward Brock.
Perhaps of greater significance to forest management
strategics, was the high dependency by all cavity
nestets on aspen trees, especially small-toothed aspen.
Farlier studies of tree selection by cavity nesters in
northern New Brunswick also found the Yellow-

Table 5. Relative difference (%5) between observed and expected frequencies of occurrence of breeding ternitories
within particular forest stand types in 1993 and 1994 combined (portions less than 5% of territory area were ignoved).
Expected frequencies based on proportion of total arca covered by each stand type. Chi-square analyses of frequencics
indicate whether or not species” tertitories were distnibuted evenly among stand types. Sce Table 1 for stand type

definitions.
STAND TYPES
IHTH/ S5PFTH SFBF/
THIH INHW IHSF 5FIH THAP BFSF  Pibe
SPECIES Ares (ha) 60.7 w7 BSS 451 709 474 518 Neof ¢ P
Ares (%) 15.1 101 2 [ 17.6 11.3 129 ol

Yellow-bellied Sapsucier 17 13 & 54 52 w73 & 201 0.002
Yellow-betliad Fiycatcher i 59 -7 23 p L 20 10 1271l 0.120
Bisck-capped Chickades &4 21 o 45 40 a7 m2 13 I 0,007
Red-breasied Nuthatch 30 -1 =11 11 16 -32 17 112 4.3 634
Brown Creeper A1 40 25 2 17 TR 82 108 0.095
Winter Wren &3 57 10 =11 4 55 87 [ ] 14,9 0.021
Golden-crowned Kinglet -6 27 & -1 5 19 37 135 56 0468
American Robin 130 57 .l 1 64 4 00 6%  1BS <ft. B0
Swaingan s Thrush ky) 27 a -54 FlL] T =20 135 q% 0.148
Verry 139 -8 -4 =100 3 -69 -1040 c5 571 =0,001
Red-eyed Vires 346 3 1] 27 -0 .55 -k LN 18 [ O3
Solitary Yico 44 L) 17 45 -3} =M -4} 133 160 [LLIL)
Morthermn Parula B 55 B -4 40 -8 4G 166 18.5 0,005
Bilpck-threwed Green Warkler 4 3. B <57 & 49 -63 E3 19.4 0003
Black-and-white Warbler 11% <15 -14 <17 &2 23 -8 7 3138 <001
Bisck-throaed Blee Warbler 12 4 B -19 15 33 -36 H4 Id) 0,028
Mugtelin Warbler 35 9 * A3 38 B Ll 230 368 BN L]
Yellow-rumped Warbler 21 =13 =B L] 18 -12 d] 7 13 0. 15
Catads Warbler 113 -8 15 -43 30 9 - 140 431 LA R
Bay-breasicd Warbler g4 18 2 50 14 0 &2 144 216 <001
Bleckburmian Warbler =37 =27 -13 B 17 3 51 189 115 05
American Recdsiart 148 19 3 72 -9 T4 B8 6 IBS <0001
Ovenbird _ 25 84 4 38 4 54 .0 a3 27 0.001
All species 19 E -1 <32 | 4 -3l JIER I <))
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bellied Sapsucker to be most commen, but there beech
replaced aspen as the tree species most often selected
for nesting (. R. Parker, umpubl }.

This apparent selection of certain trees for nesting
may be greatly influenced by tree avmlability. [n the
northern New Brunmswick study area aspen were not
comimen. Rather, tarpe beech trees were an important
component of the deciduous-donsinated stands. In
contrast, 2t Hayward Brook, beech was insignificant as
8 large-diameter tree, but aspen was very commmom,
and trees in these S0-year-old mixed stands ceached
large diameters. 1 left undistarbed, much of the early-
to mid-successional aspen component in these mixed
stands would soon be replaced by spruce, pine, maple
and yellow birch. It is uncertain whether following
such forest successional chanpe at Hayward Brook,
cavity-nesting species would revert to other trees for
nesting, such as maple and birch, or move to areas
where aspen remained comimon and available, As few
nests were found in other species of deciduous rees,
we anticipate that pepulations of cavity nesters would
change accerding to changes in the availability of
aspen trees suitable for nesting.

The more common and abundant species of cavity
nesters provide the most reliable information on the
importance of certain species of trees, as well as the
importance of microhabitats around those trees, to
preferred nesting habitats and substrates. However, it
is probable that the Jess commen species, those more
vulnerable to habitat change, deserve more immediate
attention. At Hayward Brook, several of those species
were the Pileated, Downy and  Black-backed
Weodpeckers, and the Worthern Flicker.

Measurements of trees used by primary cavity
nesters also showed that many were not dead or
decadent smaps. Rather, most {70%) were apparently
fully or partially alive. Primary cavity nesters most
likely “test™ certain trees with tapping or initial short
excavations in search of those most favourable for
cavity mest constraction, including a degree of early
centre rot which weuld aid in cavity excavation. Such
tree conditions may not be obviouws from simple
external visua} examination, such as that given during
most site examinations by foresters or biologists, At
Hayward Brook 24% of trees (in 1993 and 1994) used
by cavity nesters showed no indication of decay, and
7% showed only very early signs, such as one or
several upper branches without leaves. Furiher
comment may be possible following analyses of
habitat measurements around trees used for nesting.

Studies at Hayward Brook raise serious questions
relative to the effects of certain forestry management
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practices on species of cavity nesting hirds. For
ingtance, leaving a few large, matre and often dying
white pine or yellow birch trees in the middle of
clearcuts to serve as nesting substrate for cavity nesters
is of little valug to most species. A few secondary
cavity ncsters, such as American Kestrels and
Morthern Flhickers, which also prefer fragmented o
open landscapes, may benefit from such trees, and
although they may serve as foraging and roosting sites
for others, their limited use should be recognized. 1t is
most likely that potentially suitable cavity nest rees,
such as large-diameter aspen, must be left in treed
islands, or within corridors between contiguous
forests, to serve any real value to most birds.

We encourage further experimental studies 1o
measure the responses of many components of forest
ecosystems to current and proposed nmber harvest
practices and forest management strategies, We do not
believe that the extraction of wood fibre products
should be the exclusive goal of sustainable forest
management policies and strategies. Rather, the limits
of forestry, which is the business of deriving economic
gain from a single forest resource, i.¢. timber, must be
dependent upon the ababity of a defined forested
landscape subjected to forestry operanicns to maintain
acceptable levels of ecological imeprity. Research
mwst obtain answers to ecological questiens, and from
this knowledpe base provide recource managers, and
the public, with management options. This, we
suppest, is the challenpe of integrated forest ecosystemn
TRANAZEMmEnt.
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Appandix 1. Common and scientific names of birds mentioned in text,
Common name Scientific name Comman hame Scientific name
Broad-winggd Hawk Buieo planpterus Winter Wien Troglodytes troglodytes
Ruffed Grouse Bonasa umbelfus Golden-crowned Kinglet  Regwlus satrapa
Barred Owl Strix varia Ametica Robin Turdus migratorius
American Weodoock Scolopax minar Yeery Catharus fuscescens
Common Nighthawk Chordeiles minor Swainson's Thrush . urtufarus
Ruby-throated Hummingbird  Archilochus cofihris Morthern Parula Parvla americana
Chimney Swift Chasture pelagica Mashwille Warbler Fermivora roficapifia
Northern Flicker Colgpres auratis Canada Warhler Wiltenia canadensis
Dy Woodpecker Ficoides pubescens Magnolia Warbler Dendroica magmolia
Black-backed Woodpecker P arcticus Chestnut-sided Warbler [ persphanica
Pileated Woodpecker Dryocopus pileatus Black-throated Blue W. D coerulescens
Tree swailow Tachycineta bicolor Yellow-tumped Warbler D, coronata
Yellow-bellied Flycatcher Empidonax flaviventris Blackburnian Warbler 0 fisca
Least Flycatcher E. minimis Bay-breasted Warbler D, castanea
Solitary Vireo Vireo solitarius Black-and-white W, Mhniokilta varia
Red-eyed Vireo ¥ olfvaceus American Redstart Setophaga ruticitia
American Crow Corvus Grachyrynchos Ovenbird Seivrus aurocapifius
Common Raven . corax Northern Waterthrush 8. noveboracensis
Gray Jay Perisoreus canadensis Red Crosshbiil Laxig curvirostra
Black-capped Chickades Foecile atricapilhe American Goldfinch Carduelis tristis
Boreal Chickades P hudsonicus Cedar Waxwing Bombycilla cedrorum
Red-breasted Wuthatch Sitta canadensis Brown-headed Cowbird  Molothruy ater

Brown Creeper Certhia americana
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Bird responses to the first cut of the uniform
shelterwood silvicultural system in white pine
forest

Andrea Kingsley and Erica Nol

Abstract

The response of birds to the first cut of the white pine uniform shelterwood sylvicultural system was examined in
Algonquin Provincial Park, Ontario, in 1995 and 1996. Bird abundances and vegetation cover were compared between
stands logged 2 to |8 years previously and tnature stands with no recorded logging history, Of £1 bird species
recorded, six varied significantly in relative abundance among treatments.  Ruffed Grovse, White-throated Sparrows,
Chestnut-sided Warblers, and Mourning Warblers were most abundant in recently cut stands, whereas Black-capped
Chickadees wers most abundant in stands with no recorded lopging history. Cvenbirds wers least common in stands
cut 10 to18 years previously and more common in both recently cut stands and those with no recorded logging history.
Bird species nichness was greatest in unlogged stands and in stands logged 10 tol 8 years previously. Closed canopy
and cavity-nesting species had the highest relative sbundance in stands with no recorded logging history, whereas
open-nesting species had the highest relative abundance in the recently cut stands. Bird communities in stands with
sirnilar logging history were similar. although there were some recensly cut stands with similar communities to old cut
stands. Percent cover of deciduous canopy and sub-canopy trees, and density of understery vegetation, explained
significant variation in relative abundance of open shrub-nesting species. A lonper rotation period would ensure
higher numkbers of canopy specics and greater species richness in the landscape, although this method of Gmber
harvesting is relatively benign in its impact on avian communities.

Résumé

Nous avons émdié la réponse des oistaux 4 la prenuére récolte du systéme sylvicole de coupe progressive
d*ensemencement uniforme en forét de pins blancs dans le parc provincial Algonquin, Ontatic en 1995 & 1996,
irabondance des oiseaux et le coovert wépitatif furent comparés entre des parcelles coupées il ¥ a 2 4 15 ans et des
parcelles de forét mature sans histoire de coupe. Labondance de seulement 6 des 61 espéees observées variait de fagon
significative entre les traitements. La Gélinotte huppée, le Bruant & Gorge blanche, la Panuline 4 flancs marrons et La
Paruline triste &taient plus abondants dans les peuplements coupds récsmment alors que la Mésange & e noire $tait
plus abondante dans ies peuplements matures sans histoire de coupe. La richesse en espéces était plus élevée dans les
peuplements intacts de méme que dans ceux exploités il y & 104 18 ans auparavant. Les espéces de canopée fermeée et
les espéces michant dans les cavités d'arbres étaient les plus abondantes dans les peuplements intacts alors que les
espéces de milisux ouverts étmient plos abondantes dans les peuplements récemment coupés. Les veriations dans
I'abondance des espéces de milicux ouverts associées aux buissons étaient expliquées en pramde partic par l¢
pourcentage de couvert de la canopée decidue et des arbres de Ja sous canopée. Quoique cette pratique sylvicole ait
relativement pen d'effets sur les communautés aviennes, une péricde de rotation plus longue assurerait la persistance
d'un plus prand nombre d'espéces associées 4 la canopée de méme gu'une plus grande richesse d'espéce dans le
paysage.
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Introduction

White pine (Pinus srobus) 1s an economically and
gcolopically important species it Canada'’s mixed and
scutherm boreal forests, especially in the Great Lakes-
St.Lawrence Forest Region (Lowe 1994; Maylor et al.
1994). The management of these forests has recently
been the focus of debate, as it is estimated that 309 of
Centeal Ontario’s forest-inhabiting wildlife vse forests
that contain red (Pinus rugosa) or while pine {Naylor
et al. 1994).

Recent declines in neotropical migrant bird
pepulations have been a canse for concern in both their
breeding and wintering grounds, and habitat change is
implicated as one possible explanation for the decline
(Robbins et al. 1989; Thompson et al. 1995). Changes
in breeding and wintering habitats may be due to
logging and silvicultural practices, and may
significantly affect avian populations at both the
landscape and stand level {Franzreb and Ohmart 1578;
Thompson et al. 1995).  Information on how birds
respond to clearcut logging 15 plentiful (Steffen
1985, Thompson et al. 1992; Welsh and Healy 1993,
King et al. 199¢; Morton and Hannor: 1997), but ther
15 less informatiom on the effects of other silvicoltural
systems on bird communities (Franzreb and Ohmart
1978; Freedman =t al. 1981; Thompson and Capen
1988; Thompson 1993, Thompson et al. 1985, Annand
and Thompson 1997

The wnmiform shelterwood silvicultural system
results in gradual removal of the original forest rather
than removing all or most trees in an initial cut, as is
the case in a clearcut. A series of four cuts
{preparation, regeneration, first removal, and final
removal; Chapeskie et al. 198%), perfurmed at twenty
wyear imtervals, remowves the original stand while
regeneration becomes established undsr the existing
stapd’s canopy (Corbetr 1994; Alponquin Foresiry
Authority (AFA) 1995; Thompsom ot al. 1995} The
entire process 13 repeated afier the passing of a further
40 years when the regeneration 15 30 years old [AFA
1905).  In Algonguin Park, Omntario, this silvicultural
method has been used since the 197(s, at which time
it was in an experimental stage, By the 1980% the
system had been improved and deemed successful in
promating white pine regeneration (Chapeskie et al,
19893,  Our purpose was to determing the effects of
the first cutting of the uniform shelterwond
silvicultural systemn on the abundance and richness of
breeding birds, and on the vegetation structure of the
white pine forests of Algonquin Provincial Park,
Omtario. ‘We predicted a loss of canopy species from
the most recently cut stands, and & cormesponding
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increase in shrub-nesting species, because the canopy
is thinned to 50% canopy cover after the inihal cul
{Chapeskie et al. 1989}  We also predicted that
logging, in peneral, would increase the total number of
bird species in the Algonquin landscape, through the
creaton of a diversity of forest age classes (Welsh and
Healy 1993). We examine the relationship between
vegetation features and birds to determine which
vegetation charactensiics best predicied relative
abundance of forest birds. We also use similancy
ceefficients to determine the similanty of the bird
communitics 1o stands at differcnt stapes of
regeneration afier the initial cut.

Study sites and methods

The study was conducted on the east side of Algonquin
Provincial Park, Ontario, Canada (44%10'N,
77923'W). This area is dominated by white pine
forests with trees that replaced the large white pine
forests logred between 1850 and 1900 (Martin 1959).
Existing white pine canopy trees were between 80 and
L0 vears in age and 23-30m in height (Naylor et al.
1994). The white pine forests in the study area are
relatively continuous, separated only by logging coads
and water bodies.

Forest stands with different logeing histonies were
divided into three treatments: those logged between
1986 and 1994 (2-9 year cut), 1978 and {986 (10-18
vear cut); and stands without a wrinen logging history
(hersafter referred 10 as “old-eut™).  Stands logged
prior to 1573 were not included in this study because
lopging techniques other than the shelterwond system
were used dunmg those years, or the uniform
shelterwood systerm was m an cxpenmental stage
(Kingsley 1998).

Stands were choscn uosing Forest Resource
Inventory (FRI} maps, Omntane Ministy of Matural
Resources {OMMNR) and AFA logging history records.
For a stand to be chosen it had to be accessible by road,
have a minimum stand composition of 50% white
pine, contain trees that were a minimum age of 70
years, fall into one of the three treatments, and be a
manimetn of 15 ha m size. Onee stands were located,
survey points for breeding bitds were chosen within
each stand {hereafier referred to as "plot'). Points were
placed at least 200 m from roads, water bodies or stand
boundaries to manimize possible effects of edpe habilat
on bird and vegetation communities. The results from
a total of 24 bird census plots from the spring of 19%5
(old-cut [r=14]; 1018 year cuts [(n=1011; and 38 hird
census plots from 1996 {old-cut [n=15]; 10-18 year
cut [r=11]; 2-9 year cut [r=12]) are reported herein.
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Most of the sites chosen in 1995 were recensused in
i996. Stands were never contiguous and were
considered independent because they were separated
by at least 500 m and usually over 1 km {up to 40 km}.

Vegetation survey

A total of 28 plots (nearly all of the plots used for bird
census points in 1996), ten in the 2-9 year cuts, and
nine in each of sld-cut and 10-18 year cuts, were
surveyed once in 1994, after the completion of the bird
surveys (July). Te deten‘mnc the cover characteristics
of each site, a square 400 m quadrat was established
within each of the plots, centred at the point count
station used during the bird surveys and with the sides
paraltel to the four cardinal compass directons.
Diameter at breast height (DBH) measurements were
taken for all trees and snags greater than 10cm DBH in
the quadrat. Percent cover estimates were also taken
for six vertical forest layers {ground, 0 to 033 m in
height; <2m, 033 to 2 m i height; 2-5 m; 5-10 m;

subcanopy; and canopy). To measure percent cover of
the two lowest layers, 10 quadrats of 1 m’ were placed
randomly (with the aid of a random nrumber EEMerator,

and a grid system) within the 400 m’ study guadrat.

The percent cover of each ies was estimated
visually within each of the 1 m quadrars. For species
present in the higher layers, the percent cover was
estimated within cach of the four 100 m quadrats of
the 400 m study guadrat. As percent cover was
estimated for each species and many species
overlapped in space, total cover could be preater than
100%. Al plants were identified 10 species. Plant
species were grouped mnto broad categories (ep.,
ferns, herbaceous plants, shrubs, trees [coniferons or
deciducus]).

Surveys of forest breeding birds

In both years, breeding birds were monitored using a
ten minute, unlimited distance point count (Ralph et al.
1993). Tweo counts were made at each point, between
dawn and (9.30 EDT, during weather other than rain,
hail or appreciable wind, all of which would affect the
ability to hear birdsemg. Counts included birds both
seen and heard. To reduce problems associated with
observer bias, only two comparably experenced
cbservers performed surveys, and they were given
approximately equal numbers of stands in each
treatment to census, the same observer visiting the
same sct of plots for both of the two visits, The order
in which the stands were surveyed was determined
using 2 random number table. Totals of birds in the
count circle were used as an index of rclative
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abundance for a stand,

Te determine whether the two years' bird data
differed significantly we compared relative
abundances using a one-way ANOVA for each of the
three treatments. Resuits differed between years only
for Ovenbirds (Kingsley 1998); here we focus
primanily on the 1996 resolts. One-way ANOVA was
also used to determnine if there were significant
differences in the relative abundance of species among
treatments, only for species that had cccurred in a
minimum of eight different plots in any of the
treatments. We used the Least Significant Difference
(L5D) Multiple Companisen test 10 determine where
the difference(s) cccutred.  Where data on melative
abundances were not normally distribyted, we used the
Kruskal-Wallis ANOVA. We used cluster analysis
(UPGMA) with Euclidean distances om the relative
zbundance data to determine the pattern of clustering
of the stands with different regencration zges and a
principal components analysis on the vegetation
percent cover data to determine whether the data could
be reduced to 2 smaller number of explanatory
varizbles. We alsc used stepwise multiple regression
to determine which principal components from the
vegetation cover data explained varation in the
relative abundance of bird specits or selected habitat
categones of birds.

Scientific names of all bird species menticned in
the text and tables arc given in Appendix L.

Results

Basal area, plant species richnass and
vegetation cover

As expected, average basal area of white pine, and of
all specics, was highest in the old-cut treatment, and
lowest in the recently cut treatment (Tabie 1), although
the basal area of snags did not vary significantly
among treatments. The total number of stems of white
pine, snags and ali species was highest in the old cut
treatment and lowest in the recently cut treatments.
Plant species richness was lughest in the 10-1% year
cut treatment, because of the prescnce of species
common to both open and closed canopies (Kingsley
19498).

We found few significant differences among
lreatments in the percent cover of different vegetative
layers. Old-cut and 10-18 year cuts had significantly
greater amounts of coniferous and total cover in the
canopy than the 2-9 year cuts (Table 23, and percent
cover of ferns in the <2m forcst layer was significantly
greater in the 2-9 year cuts than the remaiming
treaments (Kingsley 1998),  Principal componenits
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Table 1. Comparison of plant species richness, basal
arca and stem density of white pines, snags and all
plant species, for each treatment. Basal areas in m /ha,
pet plot; numbers in stemssha,

Measore {Hd 10-18 28
cut year year

cutk culk

Mean basa] ar=a 247 218 10.7

while pine

Mean bagal arzs 9 47 41

of snagy

Mz basal arey 408 351 188

of all tre: specice™

Humber white pina 305.5 2619 1425

Aema per ha

Number snag 9.4 55.6 125

weme pex ha

Total Number 663.9 .5 345

stems per ha

Total nuraber il (&) &6 (¥ 513}

plant sprcies

[unique species)

* p <005, ** p <001

analysis on the 13 variables descobing percent cover
of the vegetation layers resulted in four principal
components {PC's) explaming 62% of the observed
varjance. The first PC (explaining 21.3% of the
vanance), contrasted stands with 2 high degree of
deciduous cover in the canopy snd subcanopy (positive
values) and a large herbaceous laver {hegative values,
Table 3). Positive values of the second PC (20.3%
variance explained) indicated stands with full
coniferous sub- canopy and canopy layers and a sparse
shrub layer, a situation typical of the old-cut stands
{Tables 2 and 3). Recent cuts had high negative
valpes, indicating a dense shrub layer and less
conifercus canopy cover {Table 2). Positive values of
PC4 {12.3% varance explained) indicated, by
contrast, a high percent cover of the coniferous
component in the 2 to 5, and 5 to 10 m heights
{positive values} , and a dense ground vegetation layer
{negative values). Positive values of PC4 {8.7% of
variance) appeared to describe stands with a well-
developed herbaceous layer and a well developed
coniferous sub-cancpy, features seen primanly im the
most recently cut stands (Table 2). The remaining
prncipal compenents cach explained less than 8%
additional variance ameng vegetation vanables.
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Table 2. Percent cover of the 13 vegetation vanables,
and PC scores in each treatment from white pine forest
stands in Algonquin Park in 1994,

Vepetation layer od 10-18 29
cuk year year

cut cmt
Tret seedlings 65 5.6 &8
Ground Inyer iy M6 431
Herbaceouy T 4.6 468
Trest = I m 352 FLR" 19.6
Shrubs < im mni 1 287
Deciduous shrubs 2-5m"™ 16.3 282 194
Coniforous shrubs 2-5m i 313 13.4
Decidoout 5-10m 11.4 84 51
Coniferous 5-10m 16.5 16,2 14.6
Deviducus sub-cancpy 1.1 5B 1.9
Coaifer sub-canopy 505 569 438
Deciducus cancpy 4.7 34 01
Couifer canopy® 174 arz 19.8
Sum 065 0By 268.7
PCI 033 013 097
BC2 092 629 032
PC3 0.08 019 -0 56
PC4 .44 0.00 0,14

" p<0.05 **p=001

Bird species richness and relative
abundance

We recorded a total of 61 bird species in the two years
of study, Of this total, the greatest number cbserved in
any one treatment (all stands combined} during one
year was 52, in 1995 in the old-cut treatment (Table 3,
Appendix 13, Wineteen speeies were completely
absent from all plots in one of the three treatments in
the study period: eight of these were absent from the
recent (2-9 year} cut stands (Downy Woodpecker,
Olive-sided Flycatcher, Gray Jay, Ruby-crowned
Kinglet, Swainson’s Thrush, Cedar Waxwimg,
Common Yellowthroat, Ping Siskin) and present in the
other treatments, two species were absent from the 10-
I8 vear plots (Hairy Woodpecker, Eastern Wood-
pewee) and present in the other treatments, and one
species (Yellow Warbler) was absent from the old-cut
plots and present in the other treatments.  Five species
{Common Grackle, White-breasted MNuthatch, Cape
May Warbler, Scarlet Tanager, Song Sparrow)
occurred only once in one treatment and only one year.

Biology and Conservation of Forert Birds
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Table 3. Eigenvectors for principal companents {PC)
1-4 on pereent cover vegetation data from Algonquin
Park white pine slands.

Varinble PC1 P22 PO PCH

{% cover)
Tree sendlings 62 033 on7? 0.28
Ground shruba O 022 034 054
Herbacenus layer A3 009 o0 0.44
Trees <2 m 020 042 - Q12 019
Shrubs < 2m D05 041 006 0D
Deciduous iroes 2-5 m 033 032 oM s

Comiferous oey 2-5m <12 0o7 0.6 £33
Decidugus oo 5-10m 047 nis 0.0 022
Coniferous trees5-10 m 0.0 0.07 065 0009

Decidwous sub-cammpy 045 G.03 0,08 0.04
Conifercus eub-canopy 17 0.3% 001 .43
Deciducus canopy 037 Q6 017 033
Coniferous canogry A0 042 16 1%

Yellow-bellied Sapsuckers, Red-breasted Nuthatches,
Mashviile Warblers, Yellow-rumped Warblers,
Blackburnian Warblers, and Ovenbirds occureed in at
least 5% of the plots per treatment in both years, and
were the most common species in the study area. Of
these, Ovenbirds were the most ubiquitous species
occurting in 61 of 62 point counts (98.3%. Appendix
1). Omly a few species had a high frequency of
CCCUTTENGE I S0me treatments and substantialiy lower
occurtence in another treatment: Blue Jay accurred in
all recent cut plots and all 10-18 year cut plats in 1994,
but only 40% of these plots in 1995; Black—capped

Chickadees oceurred in over %% of old—cut plots and
fewer than 20% of recently-cut plots, White-theoated
sparrows occurred in over 70% of 1018 year cut, and
2-3 year cuts but less than 605 of old-cut plots.
Evening Grosbeak oceurrence variad from 35.7% 1o
93 3% between plots within a treatment (Appendix 1).
Most species occurred in a similar proportion of plats
in 1995 and 1996, although Solitary Vireo and
Evening Grosbeak cccurred on many more plots in
1995 thar in 1995, and Red-eyed Vireo occurred in
over 3% of eld-cut plots in 1995, but less than 35%
of these plats in 1996,

When we examined average richness of the plots
among treatments (nurnber of species/plot), we found
no significant Jifferences in species richness among
treatments (Table 4), in sither 1995 (F = 0.66, p=0.42)
or 1996 (F = 0.38, p=0.68). When we examined the
proportion of species from different ecological guilds,
among treatments, we alse found no differences: in
general species from each ecological community were
present in cach of the three treatments (Table 5).
When comparing relative abundance among these
categoties, we found significantly greater numbers of
individuals of open shrub mesting species in the
recently cut treatments, and significantly greater
nombers of clused canopy and cavity nesting species
inn the old-cut plots (Table 6). When we compared the
number of individuals heard in the point counts among
treatments we also found no significant difference
(Takle &),

Cluster analysis using relative abundance of bird
species from the different treatments indicated that, in
general, old-cut stands clustered together, but some
stands ot either recently or {18 years ago also
clustered with old-cut stands (Figure 1). The old-cut

Table 4. Bird species richness data for three treatments from Algonguin Park, in 1995 and 1996,

Old—<uat 10-18 year cut 2-9 vear
cut
Measure 1995 1996 1955 1996 1996"

Mean (+SEjnumber of 17.8 (0.75) 20.7(0.75) 168 (099 2L.2(L.17 201 (0.66)
species/stand
Total number of species 52 46 44 51 46
Number of unique species 3 3 1
Total number of species in study 55 (902) 35 (L2} 46 (75.4)

period (% of 1}

* The 2-9 year cuts were not sampled in 1995,
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Tuble 5. MNumber of spectes in each treatment
belonging to |12 different habitat associations in the
three treatmnents. Some species belong to two groups
{e.g., coniferous and canopy; sce Appendix 1 for
categonization}.

Habitat Oid 10-18 -9
cut  YeBr year

nt cut

Dpen {O} ] & ?
Canopy 15 15 13
Coniferous {CO) 16 16 12
Generalists (G) 6 4 5
Mixed (MX) 5 5 4
White Pine (WP} I 1 ]
Deciduous (D) B 5 6
Understory (LT} 3 3 3
Spruce Budworm (SB) 1 3 1
Cavities (CV) 7 G &
Edge (E} 1 2 l
Wetland (W) 1 l 0

stands were significantly more similar to each ofher,
and hence more uniform in their bird communities,
than the stands cut either 2-9 or 10-1% years age (mean
{SE] of Euclidean distances; old-cut to old-cut: 12.8
[0.17]. 10-18 year cut 1o 10-18 year cut: 14.6 [6.23], 2-
S year cut to 2-9 year cul: 16.2 [(43], F =421, p <
000001}, Across treatments, the greatest difference
between treatments was between the bird communities
in stands cut 10-18 years ago, and those cut 2-9 years
previcusly (mean {SE] Euclidean distance = 156
[0.27]). The least difference was betwsen olid-cut
stands and stands cut 10-18 years previously (14,18
[0.17]), whereas bird communities from old-cut stands

Kingsley and Nol

and those cut 2-% years apo were intermediate in
average similarity (147 [0.20]), not significantly
different than distance between old-cut and 10-18
years stands, p = 0.14, L5D multiple companson test),

Of the 32 species that were present in at least 8
stands, only six varied significantly {or neatly so) in
telative abundance among treatments (Table 7). In all
cases but Ovenbind, both years showed similar trends
{Kingsley 1998).  Ruffed Grouse were in higher
relative abundance (althousgh not significantly so) in
recently cut stands than in the other treatments. Old-
cut stands contained significantly Tgher relative
abundance of Black-capped Chickadees than the cther
gtands. Chestnut-sided and Mourning Warblers were
found seldom or not at all in old-cut stands and were
common in recently cot stands.  In 19935, there was no
significant difference between treatments for
Qvenbirds {ANCOVA, F = 1.96, p = 0.16), bul in 1996,
there were significant diffetnees among treaiments
with the 10- 1% year curs having significantly lower
numbers of birds than the old-cut treatment (Table 7).
White-throated Sparrows were significantly more
abundant in the 2-9 year cuts than the old-cut stands.

Vegetation and bird relationships

The principal components of the vegetation data
explained variation in relative abundance for only 2
small number of bird species, and not necessanly those
that showed significant differences among treatments.
Blue Jay relative abundance was higher in stands with
low values of PC 1, the component indicating thick
deciduous cover in the canopy and subcanopy {Table
BY.  Brown Creeper abundance was positively
correlated with PC4 (greater herbaceous layer and
coniferous subcznopy}, Black-throated Blue Warblers
were negatively associated with both PC1 and PC4 and

Tabde 6. Mean and (standard error) relative abundance of birds from scven habitat categories occurring in each of the

thres treatments in Algonguin Park.

Habitat preference d-cut 10-18 vear cul 1-9 year cut F p
Cavities 5.8{G49) 37(0.85) 15{0.38) 5.2 G0l
Conifer 13.4{1.27) 13.2(1.89 11.7 {2.08} 0.28 0.76
Closed Canopy 313 {134} 2830189 26.0 (070} 3.58 0.04
Open shrubs 4.1 {0.56} 7.5(1.38) 14.8 (2.60) 11.45 {0001
Unslerstory 3.5(0.51) 4.0 (0.85} 2.5 (0.61) 1.31 028
Ground vegetation 10.% (0.78) 8.7 {0.68) 2.9(0.94) 1.83 0.18
Generalists 14.3 (1.31) 14.2{1.37) 158 (1.86) 0.35 .70
Total individuals 57.5 (1.85) 59.6 {3.15} 61.0(1.97) .29 0.74
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Figure 1. Cluster diagram resulting from UPGMA on Euclidean distances of stands, based on relative gbundance of
bird species. OC = old-cut stands, Riecent} = 2-9 year cuts, I{ntermediate} = 10-18 year cuts.
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Black-throated Green Warblers were negatively
associated with PC4.  Veery abundance was higher in
stanids with high amounts of deciduous cover (PC1)
and low amounts of coniferpns cover (PCI)
Mourning Warblers alse were more abundant in stands
with higher scores on FC4. White-throated Sparrow
sbundance was negatively related to PCL, the
deciduous component of the forest. The rclative
abundance of no other species was related to these
vegetative features. PC1 also explained a small, but

significant amount of vapation i the relative
abundance of all open shrub species (negative partial
correlation, Table 8}, The relative zbyndance of dense
understory species was explained by PC2 {negative
partial correlation), No principal component
cxplained  significant variation in the relative
abundance of any other ecological group., althoupgh the
total number of individuals was weakly (negatively)
related to variation in PC2.

Table 7. Mean and (standard error) relative abundance of six species of binds in White Pine forests at different stages

of cutting, in Algonquin Park.

Specles Old-cur 10-18 year 2-9 year Statistic® P

Ruffed Grouse 1.5{45) 1.3{0.42) 2.7(0.5%) 3.2 0.053
Black-capped Chickadee 1.5{0.34) 0.5 (0.40) 0.2 (0.1 la.98 0.0
Chesmut-sided Warbler 0.5(0.24) 3.2{1.00} 5.5{1.50 22.3* LT
Mouming Warbler ¢ 03023} 1.1{0.4%) 13.1° 0.005
Crvenbird 9.50.71) 6.6(0.83) B.2{0.92) 3oy 0.029
White-throated Sparrow 2.1{0.61 3200346} 4.501.17 Efvasy 2052

' Anova(F)

» Kruskal-Wallis %°
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Table 8. The reiationship between vegetative features
and relative abundance for & species of birds and 3
ecological categoties of birds found in White Pine
forests in Algonquin Park, Omtanie. Eguations
presented only when sigrnificant predictors of relative
gbundance were detected (p < {.1(0.

Specles Equatiom v p

Brown Creeper 1L3T+HR80PC 208 0.02
Blue Iay 215033PC1 248 [H |
Veery I854023PC 156 0063
Mourning Warkler G24H35PC 3119 DIN2
Black-thronted Blue Warbler  4.56- 3 ot
Pk -throated Green 4.75-050PC4 127 0,073
Ruoge-breasted Grosbeak LI6039PC 112 Q058
Whute-throated Sparroy KN |-3 4.5 007
Open shrob peciss T55-119FC1T 134 dieb
Deniye underaiory specics 30nesPC: 212 O0IE

Mumbex of individusls SEO-17SPCZ 135 DAS

Discussion

The uniform shelterwood logping system for white
pine is an excellent system for pine regeneration on
sandy soils charactenistic of the region in the east side
of Algonquin Park in central Ontaric (Chapeskie et al.
19891, White pinc regeneration in our study, judging
by the stands cut 10-18 years ago, was good, with the
basal area of white pine approaching that found in our
old-cut standds.  In other locanons, where soils have
grcater organic content, white pine regencration
requires scarification through fire (Corbert 1994), a
much more extreme digturbance to land bird
communitics, with large changes in both species
composition and relative abundance of canopy
dependent species {Dickson et al. 1933).

Our old-cut stands that had ne record of cutting
are presumably the closest in vegetation structure and
bird communities to original old-growth white pine
forests in central Ontario. The major impaet of the
timber harvesting appears to be a change in
composition of a few bird species, with a sight
reduction in the number of closed-canopy and
coniferous associates, as predicted, and an increase of
one gpen-shrub nesting species.  Although the older
cuts (both old-cut and 10-18 year cuts) contained
almost 10 more species over the two years than the
recently oot stands, there was substantial yearly
variation in the total number of species found in one
year in onc treament. Therefore, a second year of
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surveying in the recently cut stands could possibly
have resulted in similar species nchness values in the
2-9 year cut and the detection of greater numbers of
species (Smith et al. 1995), Unlike other studies where
logging results m an increase in edpe-related species,
and an increase in overall species tichness (Thompson
and Capen 1988; Welsh and Healy 1993), the umform
shelterwood system, presumably because of the
absence of intrusion of many edge species, resulied in
ne net change or possibly a slight reduction in richness
acrass the landscape.

The relative abundance of birds from different
ecological categories, and the celative abundance of
particular species, were affected by this silvicultural
method, particularly when comparing the bird
communities in the recently cut stands with these from
the old-cut stands. There was, as predicted, a decling
in the relative abundance of species preferting closed
canopy, and a substantial increase in the relative
abumdane of individuals from species preferming open
shrubs for nesting.  Unlike clearcutting, where both
species composition 2nd abundance arc usually
affected, we found that most of the closed-canopy
species that cccurred in the old cut stands were also
present in the recemly-cut stands, but it substantially
smaller numbers, The loss of individuals of cavity-
nesting species from both the intermediate aged stands
and the recently cut stands is due primanly to the loss
of Black-capped Chickadees, although the relative
abundance of both Pileated Woodpeckers and Brown
Creepers (the latter an occasional cavity user, Gaothicr
and Aubry 199) was alsa lower in the reeently cut
stands,

Our intermediate treatment, where 10-18 years
had elapsed for regeneration, demonstrates the
relatively benign namare of this silvicultural technique,
as most bird species that were not present in the more
recent cut wers present in this treatment, and the
relative abundance of all species and ecological groups
affected significantly by the cutting had approached
that scen in the old-cut treauments,  According to the
silvicultural guidelines for the east side of Algonquin
Park, the stands that were ecut 18 years ago would
undergoe the newt stage of cutting in two years
(Chapeskie et al. 1989 N. Quinn pers. comi.), and
these stands are predicted to lose canopy specics and
favour shrub-nesting species.  Shrub-nesting species,
in particular, Chestnut-sided Warblers, Moumning
Warblers and White-throated Sparrows, penerally
respond positively to most silvicultural techniques
{Titterington et al. 197%: Thompson and Capen 1988,
Freedman et al. 19%1; Falls and Kopachena [1994),
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including the umiform shelerwood system. These
species have healthy populations particularly outside
of Algonquin Park {Cadman et al. 1988), where early
successional stages predominate (Chapman and
Butman 1534},

Cur results indicated that the old-cut treatment
had the hughest degree of similanity among stands in
bird communities, whereas the recently cut stands had
the lowest degree of similanity. These results support
the old idea that undisturbed ecological communities
are more stable, of more predictable, than transitional
communities (Horn 1975}, despite the uniformity of
the logging disturbance. The logged treatments would
include, in some stands, both bird species from the
undisturbed closed-canopy forest, as well as species
that have newly colomized these stands.  The
underlying  factors  determining  population
celonization and extinetion from forest patches is a
research area that is relatively unexplored {Blake et al.
1994, Villard ef al. 1993), but gur data, showing vary
similar relative abundance of most species over two
years of study, suggest relative stability of avian
commmnities in successive breeding seasons across
each treatment landscape.

Our measure of structural heteropeneity of the
vegetation communily, the sum of the vegetation
layers, was not an important predictor of species
richness at the stand level, a result contradictory to
tany other studies on bird communities (MacAhur
et al. 1962, Karr and Roth 1971; James and Warmer
1982; Miemi and Hancwskt 1984; Steffen 1985;
Thompson et al. 1995). The relative abundance of a
small number of species was explained by particular
features of the plant community; the most commen
txplanatory varables were those that reflected the
amount of deciduous and canopy cover and the extent
of the herbacepus layer. These habitat vanables
explained the variation in relative zbundance of
Mourming Warblers and White-throated Sparrows.
The graduai decrease in numbers of these species as
the stand regenerated correspended to the increase in
canopy cover in the forest stands.

Some species, for which we found no significant
vegelative feature that explained relative abundance,
varied sigrificantiy in abundance among stands, The
Black-capped Chickadee, 2 cavity-nester {primarily in
small deciduous snags), was significantly more
abundant in the old-cut weatments than in the other
rcatments.  Unfortunately, we did not measurc the
density of small deciduous versus comferous snags,
and these were probably more common in the ofd-cut
stands, as they would be lost through the logging
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operations i the more recendly cut stands. Chickadees
prefer 1o excavate their nests in standing decidugus
tree stumps with an average diameter of 10 to 18 em
at breast height (Peck and James 19%7) and suitable
nesting snags may limit population densities of this
species (Smilh 1993),

Several species had significamt vegetative
predicters but did not vary significantly among
treatments, inciuding Blue Jays and Brown Creepers.
Presumably this result occurred because of the
heterogeneity of vegetation features even within a
single treatment. Blue Jays were negatively associated
with habitats with a high degree of deciduous cover
(PCL} in the subcanopy of the forest, features present
to some degree in both the recent cuts and the 10-18
year cuts, Seiective rermoval of this layer of the forest
might result in vegetation characteristics that reduce
the numberz of Blue tays, a management technigue
that could be used to increase breeding success of
some neotropical migrants that suffer extremely high
rates of predation by this species (e.g, Red-eyed
Vireq, Hanski et al. 1996; Burks 1998},

When analysed as ecological categories, the
relative abundance of all open shrub species was
explained by a negative partial correlation with the
amount of deciduous cover, whereas relative
abundance of dense understory species, like the Veery,
was explained by principal components deseribing
both deciducus and conifercus canopy cover.
Although composition was affected the relative
abundance of conifer-associated species did not vary
significantly among treatments, probably because
most of these species were associated with conifers
other than white pines (g.g., Golden-crowned Kinglets
are associated with white spruce (Picea glauca) and
balsam fir (Abies beisameq), Gaothier and Aubry
1996).  Generalists, as rmght be expected, were not
affected by the silvicultural treatments, and their
relative abundance was not rclated to any specific
vepgetation feature, indicating their very broad habitar
preferences.

Point count data, although satisfactory for
determining relative abundance (Ralph et al. 1993, do
not provide an accurate assessmenl of the productivity
of bird commumitics (Robinson «f al. 1995), As
Brown-htaded Cowhirds {AMolathrus arer) were never
seen in the study area, cowhird parasitism is probably
not an issue in the relatively continuous forest cover
throughout Algonquin Park, a conclusion supported
by other studies in eastern North Americz on bird
communitics in forested landscapes (Welsh and Healy
1993; Hanski et al. 1995; King et al. 1996; Sabine &t
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al. 1996). Relative abundance data from point couns
can also overestimate productivity if pradators respond
positively to changes in vegetation structure as a result
of timber harvesting (Welsh and Healy 1993; Hanski et
al. 1996y,  Predators can greatly reduce the
productivity of the habatat for breeding birds (Wilcove
1985: Andren and Anpelstram 988, Rudnicky and
Hunter 1993, Hanski et al, 1996} Although we do not
have any information on mammalian predators, our
data indicate that the egp predator, the Blue Jay, is not
mare commeon on the recently logged plets than in the
old-cut plots, a result also similar to results from two
other studies on timber harvesting and forest bird
commurmties {Thompson et al. 1992; Welsh and Healy
1993).

Many species were not adversely affected by
uniform shelterwood logging, including Winter Wrens
and Owvenbirds, both species that use the forest floor
for feeding and mesting, and most eavity-nesting
species (e.g, woodpeckers, but not Black-capped
Chickadees). This result is encouraging as woody
debris, herbaceous plants, mosses, leaf hiter and snags
are often disrupted in clearcuts, and are important
sources of food and nesting habitat for these proups of
birds {Cadman et al. 1988; Van Horn and Doncvan
1994, Naylor et al. 1996; Burke and Mol 1998). The
provisions by the Algonguin Forest Authority for
protecting these features in applying this method of
timber management seem to be adequate for these
species, although chickadee sbundance supgests that
smaller deciducus snags appear to have been reduced

by logging.

Management Recommendations
COrwing to the loss of closed-canopy species, and lower
densities of these species in the landscape, and the
relative rarity of forested habitat in ¢astern Ontaric
outside of Algonquin Park {Chapman and Pubman
1984), we recomrnend a longer rotation petiod {30-40
years for cach cut, 120-160 year rotation) and the
retention of 10% of remaining tmature canopy trees in
the final cuts in Algongquin Park. This will ensure that
healthy populations of specics that depend on a closed
canopy will be mmaintained in these forests and m the
tegion generally. Black-capped Chickadee populations
in the cast side of the park may be maintained by
laking greater care, during timber harvesting, not to
eliminate small deciduous snags. Continued use of
this techmque in Algonquin Park, with the above
caveats, appears to be compatible with the goal of
preserving avian biodiversity,
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Ap pen dix 1. Percentage of plots observed (n) and habitat assaciations of bird species in the three treatments,
in 1995 and 1996 in Algongquin Park

Speties Od-cut 10-16 year cut -9 year
190% 1996 1945 1996 at
Buffied Grouse Bongrr umbeifus 0 0.286 (4) 0457 (7} . 027203 0758
Rulrydhroated Hunmingbird Archifochis colcbrir -G aoTIn GOTICN . - _
Yellow-bellicd Seprucker Sphyrapicus varius -CY {1.642(9) 0.6(%) 0.6(6) 0.636{T} QA1)
Downy Woodpecke Picoides pubescens -CV 0.214(3) 0.2{3) - 0.LB2( -
Hairy Woodpacker F. vilfosus -CV 0.0751) - - - 0.25(3}
Black-backed Woodpeckesr P. arcticus -CV 0. 14242} - - G091 1) 1.25(3}
Morthern Flicker Codapfes auratus -CY DaTLND 0267(4) 211} CA5M5) DASTEN
Fileated Woodpecker Diyacoput pileatuy -CV QA2 O46T(T) (1} 0.091(1) 0.253)
Mive-aided Flyeateher Conlopur borealils -CO SOTIN - 0.4(4) 0.021(1} .
Eastrrn Woxed-Prwee C. virens -D a0rIgn 0.2{3) - - 0.25(3)
Least Flycatcher Empidonae mindmas -0 . 02711} 0.1} 0.364(4) ORI}
Creat Crasted Flyescber Myizrekur arinites -0 0.214(%) . 0.X3) 4081(E) 008301}
Cray Jay Periroreur caradenyiy -£0 0.142(%) 0.2(7) 0.22) 0911} .
Blur Jny Cyerccitta crisarg -0 LT LNEE (1} 044 LM} LO{12)
Common Grackls (vircalis guiscale -CO - - LTI - -
Commen Raven £ oz -CO L2 0.23(5) 22} 0.2T3(3) D3EHT)
Black-capped Chicksder Poerile atricapitius -0V 0.92%13) 0733011 052 0.18(2) Q18T
Brown Creeper Certhin americana L0 0.357(5) TN 0.33) 0.454(%) 241735
Red-bregsted Nuthatch Sing comadensis -C0 D913 CB6T(13) 0.%9) 0.727(8) 083310}
White-breaitrd Nuthatch 5. caralineasis -D - 0.067(1) - - .
Winter Wren Traglodvies roglodytzs -C0 05T} Q46T 0.4{4) 67278 (667(3}
Golden-crowned Kinglet feguiur satrapa 00 0875 L3335} 0.5(%) 0.545(5) - 167(2}
Rulry caveened Kinghet £, calendula - CO 0.143(2) G 13N O.L(LY 02733} -
Veery Catharus furcescens -US 0.571(E) 0513(8) 056} 0.727(3} 03334
Swaimson's Thrush C. usnifaius -CO T.2143) - LTI - -
Hemil Thrush . gnerterizer -WDC 085712 0.8(12) o.N7 045853 0.75(M
Wood Thrush Hylocichia mesteling -0 0071} 0.6671) - - .
Americxn Robin Turdut migratoriyg -0 0.643(9) 04ET(T) B.6(E) 0.273(3) 033304}
Cedar Waxwing Sosbweilla cedrorum -E 0.0871(1) - 0.¥3) - ,
Solilary Vireo Fireo selitarius -C0 05T} Q933 14} 022} 0.638T) 0583
Red-eyed Vireo ¥, ofvacens -D 052917} 4.333(5) 0K 03644} {.333(4)
Tennesaer Warbler Fermivoru peragring -SB - - - 0152(2) -
Nachville Warbler ¥. vyficapillo -D 0.929{13) 0812 OE(E} 09010} 0.517¢11)
Chestnut-sided Warbler D perspbwamica -0 0 2A5(4) 0.267(4) 0.5 0.127(8) 08330100
Magnelin Warhler D. magnofia -U 0.7(T} 066710 Q.4{4) {.545{8) 04165}
Cape May Warbler D. figring -SB . - - L0911) .
Black-thioaied Blue Wirbler 0. caerulescens -D 071410} 0.733(11) o0Xh C318(9) 07509
¥ellrw-rumped Warbler £ coronars -MX RS2} LO(15) 0.99) 1511y RS H
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Appendix 1 (continced)
Species Old-cut 10-16 year cut 2-9 yenr
1995 1956 1995 1636 cut
Blsck-throated Green Warbler 2 wirens -CO D42 5) 0.533(3) X 0.454(5) 0,083 1
Bleckburnian Warbler D. foweq -CO 4714165} L1 5) QT 0B13(9) 0.75(M
Pine Warbler D. pinus -WP D426} 0,69 0.5(% 0.727(8) 05ENHT
Bay-breasted Warbley D cartanea -58 007101} 01820 01672}
Black-and-while Warbler Midovitta varia -MX 0.5(7) DAEKT) 0.3(3} D.455(5) 0.167(2)
Amdxican Redsiart Setophage ruticifle -0 0.14302) - - 13202} 0.083{1 A
Orvenbird Seinrns aurocapiliis - MX L14] 1153 ) L1 1612
Northors: Waterthrush 5, neveboracensis -C 0.214(3) 0.2{3) - 0.582(2} C.083(1)
Mourning Warbler Gparonis phifade{phiz -0 07101 . - 0.091(1} DAIGS)
Common Tellowthroal Geothlipis trichas -W 407 - DI 0.273(3) -
Cannds Warbler Wilreniz canadensts -Uf 0.143(2} 021} 0.1 0. 18202) 0.25(3)
Scarlet Tanager Piranga olivacea -0 . . A1) . .
Ross-breasted Cmosheak PRewcticar fudoviciamus G 0.2143} DAET(T) 0.2t 0.455(5) 0.416{5)
Chipping Spamow Spizefla passering -CO 0.283(4) D46} 0.3(3) 01842 8.373(4)
Song Spamow Meloapira melpdia -0 - - . - Q0831
White-throard Sparrow Zoaosrichia albicellls -0 03575 0.53(8) 0N 083X 10) N1}
Phark-syed Junco Junce Apemalis 00 Q71 0.1332) - 0.273{3) 0 16H2)
Purpie Finch Carpodaces purpureus -C0 02564} 0.2(3) 0-4{4} 0.545(6) 056
Red Crosshill Lavia curvirestra -C0 0.143(2) 02(3) o100} 009141} ORI 1}
Pine Sigkin Cardueliz pinus -C0 00N G067 1) LIy 209101 -
American Goldfinch O frisnis -G 0.1423(3} iR} 1Ly LA L Fiw 0.1572)
Evening Groshesk Coceothraustes vespertinus -00) 0IAST(5} 093414} {.5{5) 0.B1E(5} D755

+ Habitat Associptions: O = open shrub, G = habit generalists, CV = cavitkes, C0 = eonifersus {non-white pinel, It = dociduus forese, MO =

mixed woods, E = cdge, US = understory, 5B = spruce-budworm, W = white pinc, W = wetlands.

" Mo duta,
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Snag characteristics and use as woodpecker
drilling sites in harvested and non-harvested
northern hardwood forests

Frédérik Doyon, Jean-Pierre L. Savard, Daniel Gagnon
and Jean-Frangois Giroux

Abstract

Silvicultural practices can modify the availability and quality of essential habitat elements such as snags. In this study,
we compared characteristics of snags and their use by woodpeckers (Picidae) as dnlling forage in an extensive forest
{ ~ 3600 ha} submined to single-iree selection cutting and to strp cutting, while the last third was Jeft non-harvested.
A third of the 1312 snags (DBH = 5 cmy) sampled were used for foraging. Densities of snags (total and used) were
50% higher in the untreated area. Excavated snags had a larger DBH, and were shorter and more decayed than intact
snags. Although snag characteristics (diameter, height and decay stage) did not differ among the three treatments,
snags in the selection cut were used more ofien than expected while those in the strip cut were used less than expected.
Tree species differed in their proportion of snags used for foraging. Since snag proportion (snagslive trees) also
differed among mee species, attention should be given to shifts in compesition in planning silvicultura! practices if
providing snags as good feeding sites for woodpeckers is a considered goal.

Résumé

Les pratiques sylvicoles peuvent modifier la disponibilité et la qualité d'&léments de Uhabitat forestier tels les arbres
marts, Drans cette étude, nous comparons les caracténshques des arbres morts et leur wtilisation par les pics (Picidae)
comme site d'alimentation dans une grande fordt { ~ 3600 ha) soumise & unc coupe sélective et i une coupe par bandes
et ol I'on a préserve un tiers de la forét intacte. Un tiers des 1312 arbres morts (DHP = 5 cm) échantillonnés Staient
utilisés pour I'alimentation. Les densités 4’arbres mons (iotale ¢t arbres utilisés seulement) étaient plus élevies dans le
secteur intact. Les arbres maorts utilisés avaient un DHP plus grand, étaient plus courts et plus décomposés que les arbres
morts non-utilisés. Quoique les caracténstiques des arbres morts (diaméatre, hauteyr, stade de décomposition) ne
differaient pas entre les teods traterments, Jes arbres morts dans la coupe sélective étaient uhilisés plus fréquemment
qu’espéré, alots que ceux de la coupe par bande dtment utlisés moins fréquemment qu'espéré. Toutes les esploes
d’arbres monts n'étaient pas uhlisées dans la méme properton par les pics. Puisque la proportion d'arbres morts {arbre
mort/arbre vivant} différait auss: selon les espdoes, on devrait se préoccuper des changements dans la composition
spéeifique des arbres en relation avec les pratiques sylvicoles, sion a pour but d”assurer des sites d"alimentation pour
les pics.

F. Dayon', Groupe de Recherche en Ecologie Forestidre, Université du Québec 3 Monrréal, C.P 8888, Succ.
Centreville, Moniréal, Cuébec, Canadz H3C 3PE (fdoyoni@igaffge.ca); J-P. L. Savard, Service Canadien de la
Faune, 1141 route de I'Eg]isa, C.P 10100, Ste-Foy, (uébec, Canada G1V 4HS; . Gapgnon, Groupe de Recherche en
Ecu]ugir: Forestigre, Université du Quebec 4 Momtréal, C.P. 8888, Succ. Centreville, Montréal, Québec, Canada H3C
3P8; 1.-F. Girowx, Groupe de Recherche en Ecologie Forestiére, Universitd du Québec & Montréal, C.P 8838, Suoce.
Centreville, Moniréal, Québee, Canada H3C 3PE. ' {Current address: Institut Québécois d’Aménagement de la Fort
Feuillue, 88 ree Principale, St-André-Avellin, (uébec, Canada JOV LW0)
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Intreduction

Snags have been recognized as a critical component of
forest ecosystems (Hunter 1999). They are used for
nesting, roosting, foraging, singing and hibernating by
a variety of wildlife, especially woodpeckers {Conner
gt al. 1975 Scott 1978; Evans and Conner 1979;
Miller and Mitler 19803 Many studies have shown a
negative impact of forest harvesting on snags,
Managing forests for timber hatvest can limit
populations of cavity-nesting birds by changing either
the distmbution, abundance or characteristics of snags
{Mamman et al. 1980; Dickson et al. 1983; Raphael
and White 1984, Zamowitz and Manuwal 1985;
Schreiber and deCalesta 1992). However, few studies
have addressed the impact of forest harvesting
practices on the use of snags as feeding sites. In fact,
several birds prefer snags as feeding sites (Evans and
Conner 1979, Conner 1930), particularly those using
drilling foraging techniques (Raphael and White
1984),

In hardwood forests of northeastern North
America, single-tree selection cutting and strip cutting
are both used to repenerate stands {Leak et al.  1987;
Hornbeck and Leak 1992), During harvesting
operations, many of the standing snags are felled for
safety reasons or are knocked over by felling live trees.
Consequently, in single-tree selection cutting, the
dizspersed harvesting of trees can destroy more snags
than can local intcnsive stnp cutting.  Moreover, the
tetention of high quality trees associated with selection
cutting climinates defective stems and vnhealthy trees
which would eventually become snags {Siribling et al.
19907, Simip cutting, like all even-aped silviculral
systems, results in reduced snag size and density
because the harvest rotation is shorter than the lifespan
of most tree species (Conner and Crawford 1974). It
also alters snag spatial distnbution.  Finally, the
species composition of the snag commumity can also
be altered by these forest practices. Selection cutting
promotes regeneration of shade tolerant hardwoods,
while shade mtolerant hardwoods are more likely to
become established in a strip cut.

We conducted this study in order to investigate the
effact of two harvesting practices, single-tree selection
cutting and strip cutting, when applied to an extensive
forest landscape, on: (1} snag density, (2) snag
characteristics, (3} proportion of snags per tree
species, and {4) snag use by woodpeckers as dnlling
foraging sites.

Study Area

Field work was conducted in southwestern Quebec, 65
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km north of Otawa (4545'N, 7ol5'W)}, in the
Ciatinzau Experimental Forest, a 36 km' forest, during
summer 1993 and 1994, The landscape is
characteristic of the Precambrian shield and elevations
range from 675 o 1125 m. In this extensively {23%)
forested repion, the forest is composed of sugar maple
{Acer seccharum), beech (Fagus grandifolia), yellow
birch (Berwla afleghaniensis), basswond (Tilig
americana) and white ash {Fraximus americang) with
hemlock { Tsuga canadensisy on acid rock glacial nills,
Mixedwood (Ahies balsumea and Picea glauca) stands
are found on fluvio-glacial deposits in the lowlands,
and red cak ({uercus rubra) stands on the thin upland
deposits.  Early-succession stands are usually
composed of red maple (Acer rubrim) associated with
trembling (Popuflus tremulpides) and largetooth aspens
{(Populus grandidentaia), and white birch (Betula
papyrifera).  Pileated Woodpeckers {Dwyacopus
pileatus) and Hairy Woodpeckers {Ficoides willosus)
are the main snag drillers in these forests, although
Downy Woodpecker { F pubescens) and Yellerar- bellied
Sapsucker (Sphyrapicus varius) occasionally excavate
some snags for foraging.

At the bepinning of the 2 Cenwmry, easily
accessible, high quality timber trees might have been
harvested by surmounding villagers who had the right
at that tme to harvest trees on crown lands for their
personal use. Althouph the extent of this explodtation
15 not known, it was probably limited. During the
same period, many fires occurred and approximately a
third of the forest bumed, mainly in the present day
strip cut and untreated forest areas. After these fires,
nc major natural or artificial distorbance events
occurred. In the early 1970s, the forest became the
Gatineau Provincial Experimental Forest.  This
experimental forest has two parts: the Doyley Lake
Forest {1100 ha) is about 8 km north of the [sabelle
Lake Forest (2500 ha). Between 1982 and 1985, the
Dovley Lake Forsst was strip cut and about half of
lsabelle Lake Forest was selection cut (single-iree). In
the strip cut forest all stems with diameter at breast
height (DBH, 1.3 m} [} cm were to be removed in one
of three stnps cvery 30 yocars. At the ime of our study,
only one sthip had been cut.  Single-tree selection
cutting varied in imtensity between 15 and 30% of the
basal area, removing trees from all merchantable
(DBH 10 ¢} diameter classes. Trees o be harvested
were culled according to their ability to stay vigorous
until the next entry {15-20 years later) and the quality
of the stem, regardless of species. Mo specific
guidelines for snag retention were given dunng either
harvest operatinns. Although only a few snags werc
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Table 1. Properticn of sampling plots in the Gatineau Experimental Forest by habitat type, and availability of habitat

types, prior to treatment.

Strip cutting Selection cwtting Unireated Total
Plots % Plots % Plots % Plots %
Habitat types (availability %) (availability %) (availability %) {(availability %)

Shade-tolerant 54 74 &4 64
hardwood (32} {66} (38) {47)
Shade-intolerant 30 13 17 20
hardwond (45} {12} {22) {25)
Mixedwood-conifer 16 13 19 1]
(23) (22) {(40) (28)

deliberately cot for safety reasons, logging operations
caused many to fall down (D). Joanisse, Cuébec
Ministry of Natural Rescurces, pers. comm.}.

Methods

Sampling

The forest was first stratified into shade tolerant
hardwood, intolerant hardwood and mixedwood-
comifer  habitats, uosing  forest cower maps
(Gouvernement du (juéhec 1986, Majcen et al. 15346},
Sarmpling plots were then candomly located across the
treatmnent forests while trying to keep the habitat cypes
balanced. However, proportion of habitat types
differed between the three forests, mainly because the
garly century fires had increased the proportion of
intolerant hardweod habitat in the simp cut and the
untreated forests (Table 1). Because of that, and
because the plots had 1o ke 250 m apart and 100 m
from any water body or wetland, the distribution of the
plots is not totally balanced across the habitat types in
the three meatments (Table 1), although not 1wo far
from it. We believe this sampling design ensures that
differences will be attributed to the treatmenis instead
of pre-treatment forest conditions.

We sampled 270 plots (91 in strip cut, 25 in
selection cut, and 24 in untreated forest). Each plot
consisted of five 80-m? circular micro-plots, located
at the four comers and at the centre of 2 60 m X 60 m
square. Because of the random nature of the sampling
design, sonve micro-plots in the two harvested forests
WerTe ITL Cut ATeas, SOme Were it uncit artas, and some
straddled the two. In these micro-plots, we recorded
the species and DBH of all living (= 10 cm DBH) and
dead trees (= 5 cm DBH}, with a caliper. Snag species
were identified by their remaiming bark and branching
architecture. Using a clinometer, snag height was
recorded by 3 m claszes, except for the first 3 m which
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was split into two classes (0-1.5, 1.5-3 m) We
categorized snags in 5 decay classes according to the
characteristics listed in Table 2.

Table 2. Snag charactenstics used to assign decay
classes.

Decay
clase Snag charscterfatics

I tree hay recently died;
bud, twigs, fine branches still apparent

2 bud, twigs, fine branches gone,
bark deteriorating, loosening, beginning
to slough off;
sapwood still hard

3 only the limbs remain;
ree top is broken;
bark is extensively sloughed off:
sapwood starling to soften and decay

4 only stubs of limbs remain;
batk practically absent;
most of sapwood is decayed;
heartwood starting to soften;
height significantly reduced

5 wood is completely rotten;
vegetation has started to colonize snag;
organic matter accumulated at base of
snag

Evidence of foraging was neted accotding to three
levels of feeding use: none {level of feeding = (), few
signs ({3 signs, level of feeding = 1}, abundant signs
(=3 signs, {evel of feeding = 2), using binoculars when
needed. Signs of foraping by sapsuckers were not
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included. Ewvidence of foraging was related to height
areas {(-3 m, 3-% m, 9-15 m, =15 m, top-3 m). The
area use index {AUT) was then computed for each snag
using the following equation [1]:

[1] ALAl =X (area height section x level of feeding use
of that section).

The area of sach section was obtained using the
conic area formula, based on tree diameter and height.
For snags with broken tops, previgus height was
estimated using 2 diameter-height regression from
dendrometrical studies made in these forests (Majcen
et al. 1984, 1985; Majcen and Richard 1989; Majcen
et al. 1991} Total Area Use Index (TAUT) was
obtzined by adding all AUls of sach snag in the plot.

Data Analyals
Snag characteristics per individual (DBH, height,
decay stage and AUIY and per plot {density, basal area,
TAUI) were comipared among the three treatments and
between used and unused snaps using ANOVA (DBH,
density, basal area, height classes, decay classes).
Treatment effect on AUL and TAUT was tested with
Eruskal-Wallis test. Comparisons among species
were performed for diameter using ANOVA, and for
height and decay using Kruskal-Wallis tests. When a
significant effect was found, a posteriori tests were
conducted to detect significant differences among
levels {Bonferonni for ANCVA and SWNK for Kruskal-
Wallis). Snags used versus availahility was compared
with ¥* using a confidence interval method (Meu et al.
1974 for each charmacteristic class (DBH, height,
decay), in order to identify preference (Byers and
Steinhorst 1984). Diameter classes used were 5-9.9
cm, [0-14.9 cm, 15-24. 9 cm, 25-49.% cm and =50 cm.
We used the Spearman correlation coefficient to
examing relationships among DBH, height and decay.
Snag proportion (snag versus living tree) and
snag use {used versus unused snags) were compared
among the three forest treatments using contingency
analysis. In order to control for the tree species
composition, smag proportion and snag use wete
modeied with 2 log-lincar model (Agrest 1990, using
tree species znd forest trearments as independent
vanables. Infrequent tree specics were removed until
the contingency table had less than 20% of its cells
with expected frequency < 5. Consequently, the tree
species variable has 14 species categories for the snag
propottion medel and 12 for the snag use model. The
mode] was fitred with the fewest number of parameters
through backward hierarchical selection (SP5S Ine.
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1988). Parameter estimates of the model were tested
at the 03 level using their Z-value.

Results

Snag density

We measored 6708 live rees and 1312 snags
representing 25 tree species. Snag density and basal
area were higher in the untreated forest than in treated
forests, for all and used snags only {Table 3). Although
tree depsity was 10%% lower in the stip cut and 21%
lower in the selection cut forest areas, when compared
to the untreated forest area, snag densibes were as
much as 24% and 38% lower in the strip cut and the
selection cut respectively (Table 3%, The selection cut
forest had a sipnificantly lower snag dengity than the
uritreated ome For the first two diameter size clagses {5-
.9 cm and 10-14.9 cm) while the inverse was trae for
the largest diameter class { 25 cmy); the strip cut forest
had significantly a lower density than the untreated.
Density did not differ between the three forests for the
15-249 cm class. Of the only B snmags = 50 c¢cm
sampled, 5 were in the untraated, 2 in the selection cut
, and 1 in the siip ent forest. TAUL differed among
forest treamments (Table 3). However, even though the
lowest snag density occurred in the selection cutting
area, TAUT did not differ between the selechion and the
unireated forest,

Snag Charactaristics

Characteristics of used and unused snags did not differ
amemg the three forcst treatments (Table 4).  Used
snags had larper diameter, smaller height, and were
more decayed than unused snags. We observed a
greater percentage of use as the diameter increased
{Figure 1A). Snags with DBH < 10 cm were under-
used while those between 15 and 50 cm were over
used {p {x*) < 0.03, Bonferonni corrected). Indeed,
nearly 70¥% of snaps > 25 cm DBH were used for
foraging. 3nags taller than & m, were under-used {(~25
%) whereas shorter ones were over-used (~50%)
{Figure 1B). Snag diameter and height were not highly
correlated {r==0.11, p=0.001). Finally, use increased
with the degree of snag decay {Figure 1C). Use of
snags increased when they reached the third decay
class. Decay was negatively cormetated with height (13
=058, p < 0.001) but very weakly with diameter (rs
=012, p < 0.0013,

Snag Proportion

The propartion of snags over live trees differed among
the  three forest  trealments  (Strip=1%%,
Selection=18%, Untreated=22%; 2=134, d4f=2,
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Table 3. Tree density, snag density by DBH class, snag basal area, and Total Area Use [ndex (TAUI.

Tresiment Strip cut Selection out Untreated

Sample size n=91 n="% n=54 [}

Tree density (no./ha) O25 254" HE+2IB 698:21C 0,000

Snag density {ne./ha)

DEH class 3-89 cm 52+4 AR 40+5.34 6.7+6.1B (0.002

1149 cm 32:36AR 24+2.04 404438 0006
15-24. 9 ¢m 29:315 22:3.0 334 8 0.087
=25 em 6 l.4A 9+1.9AR 15248 0.004

All L1B+8.2A 94:8.8A 1565+10.5B  0.001

Used Iod A 36+3.BA 56:4.58 0001

Snag besal arca (m¥ha} Al 2.0:0.34 2.1:0.3A 13038 0001
Used 1.00.24 114024 L.8:0.2B 0014

TAUP {m%/m?) All 0.22:004A 0.28+0.04B 03940058 0022

* Mean + | standard geror. Means followed by differsnt lettérs within each row are significantly different {p <0.05).

* Tota! Area Use [ndex {level of use * m*/m®},

p=0.001). It was lower than expected in the selection
cut area and higher than expected in the ontreated area
{p (x*) = 0.05, Bonferonni corrected). However, when
the effect of ree composition was controlled, snap
proportion differed among the three forest trearments
for only four species {red maple, ironwood, trembling
aspen and balsam fir) with a significant interaction
term [Tabic 5). When looking at the species effect
omly, snags of balsam fir, red maple, white birch, large-

toothed aspen and trembling aspen were over-
repzsented, when compared to theit proportion as live
trees, while species like beech, white spruce, basswood
and eastern hemlock were under-representsd (Table 51,

Snag Usa
Approximately 379 of sampled snaps had been used,

at least slightly, as drilling forage by woodpeckers.
Intensity of use per individual snag as expressed by the

Table 4. Snag charactenistics in a strip culting, selection cutting, and untreatesd hardwood forest, southwestern Québec.

Harvesting praetice Effecis
Snag Stnp cutting  Selection cutting  Untreated HPM o HP x U}
No. of snags Unused 289 221 136
Uzed 142 136 188
DHH (em) Unuged 11 240 3A° 12.1+0.54 L L5+0.4A NS 0.001 NS
Used 163078 16.9+0.9B 16.9+0 8B
Height class Unused 504024 544024 S.1+0.24 ' - X 1] NS
Used 3.4+0.2B 3.6:0.2B 4.0:028
Decay class Unosed  2.3+0.1B 2344014 25414 NS 000 0.013
Used jalB 13+01B 1400B
ALT Used 23403 1143 2.8+0.3 NS

* Harvesting practice; ® Use; ° Mean + | standard error; means followed by different letters within each row and column
for each parameter are significantly different (p <0.05); ¢ Area Use Index (level of usz * m?).
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Figure 1. Percentage of snag use by (A) diameter
class, (B} height class, and (C) decay class (1 (least) to
5 (maost) decayed). A star over the bar indicates over-
or under-use (%, p<0.05, Bonferonmi corrected),
compared to the total percentage of use (dashed line).
The number within sach bar indicates the frequency of
that class,
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AU did not differ amemg the three forest treatments
{p=0.140, Table 3). Propertion of snaps used did not
differ among the three forest treatments {Strip = 33%,
Selection = 38%, Untreated = 36%, =23, df =2, p
= 0.32). However, after controlling for the
composition cffcet, snaps were used less often in the
strip cut area, and significantly more in the selection
cut arca, as expressad by the multiplicative coefficient
{Table 5). Four species, beech, large-toothed aspen,
trembling aspen and basswond, had foraging evidences
more often than randomly expected while four species
fbalsam fir, red maple, sugar maple and ironwood)
were less used (Table 5).

Snag characteristics differed among species.
With the exception of the basswood, selected species
usually had targer diameter and were mor decayed
(Table 6. Height was not as good in diseriminating
selected species and only differed between yellow
birch and sugar maple, ironwood and balsam fir.

Discussion

Forest cutbng practices have considerably reduced
snag abundance. I[n fact, snag density was
proportionally more reduced than tree density in the
two harvested forests, suggesting an accentuated
detrimental effect of harvest on snags. However, thig
density reduction, although important {33%5), might
noet have strongly affected the woodpecker community
since snag densities (DBH = 10 cm} in the untreated
forests were actually hipher than what has been
observed in many other untreated hardwood forests in
North America (McComb and Noble 1980; Carey
1983; McComb and Muller 1983; Chadwick et al.
1936; Sedgwick and Knopf 1986, Rosenberg et al,
1988}, Indeed even considering the lowest density
observed among the three forests, snag availability was
sufficient for maximum population density of small
{Downy Woodpecker) and medium-sized woodpeckers
(Hairy Woodpecker and Yellow-bellied Sapsocker)
according to Evans and Conner (1979). However,
nesting and foraging snag rescurces in treated forests
might not be safficient to support a healthy Pileated
Woodpecker population which requires snags with
DBH = 50 ¢m, but our sampling methed was not well
desigtied to determine an accurate ¢stimation of snag
density of that size (Bull eral. 199}

Globally, snag proportion {10.0%, DEH = 10 cm,
all three forests together) was within the range (4.5 -
10.2%) observed in other hardwood forests (MeComb
and Muller 1983; Chadwick ot al. 1986; Conner ef al.
1934). Like McComb and Muller {1983}, we found
that beech and red oak were poorly represented as
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Table 5. Effects of tree species and harvesting practices on snag proportion and snag use proportion as expressed by

the pararmeter coefhicients of log-linear models.

Snag proportion* Snag use*

Parameter (abbreviation) Multiplicative Multiplicative

Cosfficient®  Z-value Coefficient ¢ Z-value
Constant (K) 01655 -28.78 0.66]8 -4.06
SPECIES EFFECT (SP)
American beech (Fag) o.6610 -3m 28344 421
Balsam fir (Ahb) 2310l 156 4299 -4 25
Basswood (Tia) 05285 -2.5 33489 2
Eastern hemlock (Tsc) 02667 -2.719 .3935 -1.76
Tronwood (Osv) 0.7176 -1.46 01631 317
Large-tocthed aspen (Pog) 20431 553 22099 432
Paper birch {Bep) L7245 358 1.384% .45
Fad vak (Qur) 0.7917 -1.07 0.9280 -0.19
Red maple (Acr) L3062 2T 0.496] -3.85
Sugar maple (Acs) 1.0973 113 05414 =305
Trembiing aspen {Pot) L7417 2.7 25877 287
White ash (Fra) 1.4623 1.21
White spruce (Pig) 04827 -2.67
Yellow binch {Bea) 1.3222 1.%7 1.5556 1.79
HARVESTING PRACTICE EFFECT (HF)
Strip cutting (5C) 0.8501 -1.67 0,77 -2.76
Selection cutting (SeC) 10116 0.13 L2913 2.64
Unireated (UT) 11629 1.89 10058 0.07
INTERACTION EFFECT
Abb x SC 087 -2.28
Acex 8C 16144 151
Aerx UT Q7007 -2.67
Oy x SeC 21845 185
Pot x SeC 22470 2.63

* Snag proportion log-linsar model: Snag/living tree = K + 8p + HP + Sp*HP, G = 0.000, df =0, p = 1.000.
* Snag use selected log-linear model: Used/unused = K + Sp+ HP, G =13.47, df =21, p= 0.8%1.

* Eytimates significantly different from L at p <035 are underlined.

4 Only parameter coefficients significantly different from | are shown.
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Table 6. Mean diameter (cm), height class and decay class of snags in southern Québec.

DHE Helght class Decay class
Species n Mean SE Mean SE Mean SE
American beech + 75 18.6 A 0.9 ITAE 03 30 AB i1
Balsam fir - 166 13.8 BCD 0.6 488 02 29 AD (HY
Basswood + 21 135 ABCD 18 41AB 08 11 ABCDE 02
Eastern hemlock L8 184 AB 1.9 46AB 07 2.1 BCDE 0.3
Iranwood - 27 8.5CD 1.6 55B .3 2.2DE 0.2
Large-toothed aspen + i3l 182 A 0.7 42AB 03 33A 0.2
Paper birch B3 13.8 BCD 09 53AB 03 2.9 ABCDE 0.1
Red maple - 210 1.GD 0.6 47AB (2 2.5 BCDE 0.1
Red oak 25 14.2 ABCD 1.6 54AB Q6 2.9 ABCDE 02
Sugar maple - 374 114D 0.4 48 B 02 25CE 0.1
Trembling aspen + 36 185 AB L4 JISAR G5 31 AC 02
White spruce 15 12.6 ABCD 2.1 46 4B 0.7 18E 03
Yellow birch 67 15.5 ABC L0 3TA 04 354 0.l

* + {more) or - {less) used than expected for foraging (Table 5).
* Numbers in 8 column sharing the same letter are not sighificantly different (p <0.035),

snags, when compared to live stems. Om the other
hand, unlike these authors, we found red maple snags
were over-represented. Over- and under-representation
result from species longevity, fate of dying stems
(Tyrell and Crow 1994}, snag durability (Mottison and
Raphael 1993) and forest practices. For example,
despite pood snag durability resulting from high wood
density, American beechs great longevity impedes
snag formation. Inversely, many of the 10-15 cm
balsam fir trees were attacked by Scofirus spp. (F
Doyon, pers. obs), reducing their longevity and
thetefors promating snag formatien of small DBH
(Table 6). However, we are aware that over
representation of species producing small DEH snags
like balsam fir, paper birch and red maple could have
also resulted from the fact that we have not sampled
the live trees in the 3-2.9 cm class. Trembling aspen
snag represcntation was affected by selection cutting
practices as expressed by a strong positive intetaction
between trembling aspen and selection cutting (Table
5). Indeed, this species, based on the marking rules,
was preferentially culled so as not to waste high
quality sterns between the last and the next emtry.
Residual unhealthy and poor quality live aspens were
likely to become snags, whereas vigorous live trees
had been considerably reduced by the harvest, leading
to spag over-representation.  Fimally, long-hved and

Seciety af Canadian Ornithologists Special Publicarion No. 1, 1998

easily uprooting species, like eastern hémlock (Tyrell
and Crow 1994) and white spruce, are more hikely to
be ender-represented in snags, as we observed,
Twelve years after treatment, forest harvesting
practices did not alter snag population charactensncs
{dianeter, height and decay). Only a few other studies
have considered thiz aspect in respomse to forest
practices. In their comparison between thinned and
unthinned stands, Welsh et al. {1992} did not find a
difference in snag diameter. Hewever, in that case,
thinning was executed with den and cavity tree
retention guidelines, Hagan and Grove {1994) alse did
not see any difference in maximum snag DBH
between a virgin hardwood forest and forests baving
becn sclection cut with different numbers of entries.
In the strip cut forest, most of the snags were in the
remaining intact green strps. Very few were observed
it the strip cuts. Comsequently, it 1s not surptising that
the actual snag population sull reflects the past
distribution of the snag characteristics. In the selection
cut, we expected that remaining snags, left after the
selection cut, would be less decayed as a result of the
application  of (ree felling security mnomms
(Gouvernement du Québec 1981; Picher 1992} and the
sanitation removal of some decayed snags, a practice
genetally  included in the operations of this
sibvicultural system (Creha et al. 1987} Apparently,
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snag felling indifferently oceurred in all characteriste
classes.

Larger snags were wsed to a greater degree. In our
stuly, snags with a diameter over 20 ¢m were cleatly
selected, as Teported in several other studies (Bull and
Meslow 1977; Brawn et al.  1982; Raphael and White
1984; Rosenberg et al. 1988; Swallow et 2l. 1988).
According to our results, this could not be annbuted 1o
a positive correlation between diamster and decay
stage. One hypothesis is that larger snags offer more
foraging area, more prey per iree and thus more food
per unit area (Mannan et al. 1980, Raphael and White
1984) but our data did pot allow us to test this
hypothesis. 1t may be worthwhile o examine how the
20-cm threshold relates 1o prey density and optimal
foraging bio-energetics.

Others attnibute this relationship 10 a bias: Jarge
snags stand for a longer peried of time than small ones,
and evidence of foraging is more likely to occur on
themn {Cline et al. 1980; Dickson et al. 1983). This
was probably alse true in our study, however, most of
the snags that had been excavated in the past usually
still had fresh foraging signs, which suggests a positive
feedback betwetn excavating, wood decaying and prey
density. Even iflarge diameter snags wert selected for
foraging, it does not dismiss small diameter snags as
an important resource. We found that 23% of the
snags it the 5-2.9 cm diameter class, which comprised
43% of all the snags, had foraging evidences.
Rosenberg et al. {1988} had similar statistics.

Shorter snags were used more than expected and
under-use significantly appeared for snags over & m
high {Figure 1B}, When a snag decays, it loses its
branches znd the 1op offen breaks, reducing its height.
The base and top of snags are used more often than any
other height section (Conner et al. 1994}, These two
extremitiss are alse more likely to be well-decayed,
and therefore contain a higher arthroped biomass
{Conner et al. 1994}, Therefore, shoner snags should
comprise a greater proportion of that high quality
substrate, which requires less effort in order for
woodpeckers 1o find prey.  The large significant
negative correlation  between height and decay
supports this explanation.

Foraging preference on ovak (Conner 1980; Brawn
et al. 1982, Conner gt al. 1994} and elm snags
(Swallow et al. 1938} has been cbserved, but never for
beech, basswood, trembling aspen or large-toothed
aspen, species that were significantly more used in cur
area. Under-use of red maple in foraging has also been
roticed elsewhere [Comner 1980, Conrer et al. 1994),
Aspens have thin bark and low wood density (large-
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toothed aspen and trembling aspen preen wood
specific gravity are 0.36 and 0.35, respectively (U5,
Forest Products Laboratory  1974)).  These
charactenistics allow easy imvasion by disease and
decay organisms (Loshle 1988} Indeed, low wood
density has been found to be inversely correlated with
the number of foraging signs (Conner et al.  1994).
Despite 2 high wood density (0.56), beech is
frequently  subject to beech bark disease
(Crypiococcus fagiiNectria coccitia var Jagirara}
and to frost split, causing the bark to crack. Inaddition
te creahing new microhabitats for insects, they expose
sapwood to fungl imvasion. In fact, snags of beech and
aspens {frembling or large- toothed) were indeed more
decayed than other species (Table 8). They were also
larger, another featyre of selected snmags. Ewen if
yellow birch was not selected more than expected at
a=0.05 level (Table 5), it was not too far from it (p =
0.073). SBince it has all the desired characteristics of
forage snags (Table 6) and is one of the faw that is long
enough lived to provide very large (DBH =50 cm)
snaps, yellow birch should be considered an important
snag-providing species. Om the other hang, basswood
snags, which were also more selected than randomly
expected, were net larger or more decayed than other
shaps. Its very low wood density (0,32} probably gives
it a sofiness similar to decayed denser wood,

Conclusions

We have compared snag density, characteristics, and
their use as forage sites by excavation by woodpeckers
in twe harvested forests and one left intact. Twelve
years after a first entry, strip and selection cutting have
had a strong impact on snag density but not on snag
characteristics and tree species snag proportion. T the
differences in snag density we observed after the First
entry between the treated forests and the untreated one
can be mainly attributed to harvest practices, as we
believe, we arc sericusly concerned that such a
reduction will bring snag density under some critical
threshold after the next eniry, if no retention guidelines
are provided. Large diameter snags (DBH =56 cm),
already rare, are likely to be extirpated, especially in
the stip cut where recruitment will occur enly in the
last remaining green strip. We caution practitioners
that 4 simple proportion calculation from tree density
reduction to predicted residual snag density cannot be
made. The felling of trees is cnitical in retention
practices and recommendations should be given to
woodentters to maintain marked snags (Naylor et al.
1996). Our msults suggest prafarential retention of
basswood, beech, aspen and yellow birch shags over 20
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cn DBH, as favorahle drilling forage for excavators.
Greater consideration should be given to the dynamics
of basswood and beech trees and snags, because these
overused snags were proportionally  poorly
represented. Also, more quantitative information abowt
foraging and nesting requirements for snag-dependemt
species 15 needed, Coupled with snag dynamics
models {Morrison and Raphael 1993), snag density
ard guality could be managed through time in order to
minimize the impact on snag-dependent species,
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Strip-cutting: nest predation and breeding bird
response to strip regrowth

Gilles Falardeau, Jean-Plerre L. Savard and
André Desrochers

“_
Abstract

We compared breeding bird abundance and nest predation rate in strip-cut stands of different age of cut and in clearcuts
using the spot-mapping method. The forest was 50-70 years old and dominated by comifers. Timber harvesting created
20 m wide clearcut strips separated by 20 m interstrips of mature forest. Strip-cut plots had higher breeding bird
densities and richness than clearcuts and final cuts {where the interstrip was cut}. Strip-cut stands provided breeding
apportunities for 28 forest-associated species not found in cleatcuts ot final cuts, whereas the lager habitats were ysed
for nesting by & species not found in strip-cuts. Strip-cutting allowed the addition to the forest bird community of a
few open country species such as Commen Yellowthroat and Chestnut-sided Warbler. The abundance of these species
decreased with forest regeneration. The regrowth dominated by deciduous trees and shrubs created suitable habitat for
deciduous furest species such as Veery, Ovenbird, Canada Warbler and Rose-breasted Grosbeak. Predation rates on
artificial nests did not differ between trearments or between strips and interstrips. Shrub nests, however, were more
frequently preyed upon than groond nests, while well-concealed ground nests suffered the lowest predation. Bird
communities were extremely dynamic, responding to changes in vegetation structure and composition. Sthp-cuts
permutted the retention of a large proportion of the forest bird community at least untii the final cut. Thus, our results
suggest that strip-cutting 15 an efficient compromise between forest harvesting and conservation, but only when
tntersinips are retained several years afier the cut.

Résumé

Nous comparons |'abondance des oiscanx nicheurs ct le taux de prédation des mids dans deés coupes par bandes d'3ges
différents et dans des coupes 4 blanc en utilisant Ta méthode des plans quadrillés. La forét avait de 50 3 70 ans et était
dorrunée par des coniféres. La coupe forestizre a créé des bandes de 20m de largeur séparées par des interbandes inlactes
de 20 m. Les parcelles dans les coupes par bandcs avaient des densités et des richesses plus grandes d'ciseaux nicheurs
que les coupes totales et les coupes finales (o I'interbande intacte a été coupée aussi), Les patcelles de coupe par bandes
supponérent 28 espéces d'oiseaux forestiers absentes des coupes totales et finales qui elles, ne supportérent que 8
especes absentes des parcelles de coupe par bandes. Les coupes par bandes ont permis 1'addition de quelques espéces
de mlieux ouverts a la communauté d'oiseaux forestiers, par exemple, la Paruline masquée et la Paryline 4 flancs
marrons. L'abondance de ces espéces a diminué avec la repousse de la végétation de 1a bande coupée. Cette repousse,
domunée par des arbres et des buissons feuillus, 2 créé un habitat propice pour les espéees associées aux foréts feuillues
telles que Ja Grive fauve, 12 Paruline couronnee, la Paruline du Canada et le Cardinal 3 poitrine rose. Le taux de prédation
sur les nids artificiels ne différait pas entre les types de coupes ou entre les bandes ct les interbandes, Cependant, les
nids localisés dans les buissons ont &té victimes de prédation plus frequemment que les nids au sol. Les nids au sol bien
cachés étaient aussi ceux ayard subis lc meins de pridation, Les communautés d°ciseaux étaicnt més dynamiques,
réagissant gux changements dans la composition et la stracture de la végétation. Les coupes par bandes ont permis Ia
rétention d’une grande proportion de |2 communauté des oiseaux forestiers, du moins jusqu'a la coupe finale. Alers, nos
résultats sugpérent gue la coupe par bandes est un compronus zcccptable entre I'exploitation forestiére et la
conservation, mais seulement lorsque les interbandes sont préservees intactes pour plusieurs années,
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Introduction

With Canada’s matification of the Comvention on
Bicdiversity in 1992 the sustainable development of
our forests has become a prominent issue (Biodiversity
Science Assessment Team 1994). Sustainable forestry
implies that harvesting activities are sustainable and do
not permancotly affect biodiversity in managed forest
ecosystems (Hunter 1990, Salwasser 1990; Middlston
1994),

To achieve sustainable development of our forests
and to be able to use harvesting practices as
biodiversity management tools, it is essential to
quantify the positive and negative impacts of each
practice and regime of practices on biological
diversity. The jmpact of forestry practices on birds is
becoming increasingly quantified (Titterington et al.
1979: Crawford et al. 1981; Morgan and Freedman
1986; Welsh 1987, Hagan et al. 1997} and birds are

often uszed 3s umbrella species t¢ protect other
components of biodiversity (Welsh 1987, Savard
1994).

Stop cutting is most often used when 2 seed
source needs to be preserved for natural regeneration,
but iz occasicnally used as a4 compromise to
clearcutting as a way of maintaining a temporary forest
structure while axtracting some wood, The impact of
strip-cutting on birds is poorly knewn (Freedman et al.
1981; Doyon et al. 1994) and the response of birds o
strip regrowth has yet to be studied. Little is known
either of the impact of sinp-cutting on breeding
success of birds. Several studies have shown that in
heavily fragmented agriculturzl or urban landscapes,
nests located close to edpes suffered higher probability
of failure than nests located further away from edges
{Gates and Gysel 1978, Andrén and Angerstam 1988},
However, studies in  frapmented landscapes still

Figure 1, Sketch map of study area south-west of Québec City showing relative location of study plets and transects,
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dominated by forest did not report similar Tends
{Yahner and Wright 1985, Rudnicky and Hunter
1943). Strip-cutting creates a large smount of edges.
Such an increase in the proportion of habitat near
edges could have significant impacts on the
reproductive success of birds,

The goal of this study is threefold: (1) 1o document
the changes in the composition of bird communitics as
harvested strips undergo succession: (2) o contrast bird
comununitics of strip-cut areas with those of clearcuts
and of final cuts, which are harvested areas whose
interstrip has been removed several years after the
initial cut; and (3) to cornparce nest predation in natural,
strip-cut and clearcut forest stands.

Study area

The study arca, locatcd about 60 ko south-west of
Cuebec city (Figure 1), was stop-logged from 1978 wo
1990, Timber harvesting was donc systematically with
20m wide harvested strips separated by 20m intersirips
{Figure 2). The conifer forest was dominated by 50270
year-2ld balsam it and spruce trees ranging betwicn
12 and |7 m in beight. Located in the SL Lawrence
low lands, the area is rather flat and poorly drained due
to a gleyved mincral soil {Dubé ot al. 1993; Dubé et
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Plamondon 1995), Tempemtures average -13°C in
Jatwary and 19°C in July, with an average annual
precipitation of 1228 mm (Environment Canada
19933,

Methods

Bird surveys

Breeding bird density was estimated using the spot-
mRpping technique (Williams 1936; Bibby et al.
1992}, Ten spot-mapping plots of 10 to 14 ha each
were surveyed in 1995, Two plots were located in five
forest types: (1) recent stip-cuts (6 yoars old): (2}
medium-aged or intermediawe strip-cuts 1 years old);
(3} old sirip-cuts (14-15 years oldy, {4) final cuts
{strip-cuts whera the interstrip is curt after about 5-10
yoars of strip teprowth), and (5) clearcuts (3-5 years
old). In cach type, one spot-mapping plot sampled
regeneration deminated by conifers and onc by
deciduons vegetation. Each plot was grided at 40 m
intervals 1o facilitate positioning of the birds except in
clearcats where o 50 m prid was laid. Plots were
sutveyed seven to eight times between 5 June and 4
hly 1995 All censuses weore conducled between
suncise and 1030h EDT, and cbservers were rotated
between plots,

Figure . Aerial view of 20 m wide strip-culs, also showing two final cut areas,
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Vegetation survays

For each spot-mapping plot, excepr clearcut plots,
vegetation cover was estimated visually at B0 peints in
the grid {40 in the strip, 40 in the intersmip). In clearcut
plots 36 points positioned systematically throughout
the plot were sampled. At each point we quantified
regrowth in terms of propertion of conifer and
deciduous species using five classes (conifer, comfer-
deciducus; mixed; deciduous-conifer; deciduous). In
the strip, we assigned a height class to the vegetation
(<2 m, 2-3 m, =5 m) and ¢valuated the percent cover
of the regrowth (<30%, 30-60%, =600} At pomts
located in interstrips, we estimated the percent cover of
shrubs and trees <6 m (<1096, 10-408%, >=4084). For
trees taller than & m, we recorded only the coniferous-
deciducus proportion because the overall tree cover
was very uniform. Results were compiled using the
number of stations classified visually in each height or
cover calegories.

Artificial nests

We used artificial nests containing twe Japaness Quail
{Coturnix cotwrmix Japonica) eggs to  estimate
predation: in four forest types: uncut forest and three
apes of strip-cut forest (young, intermediate, old). In
each type we positionsd three transects of 20 nests
each oriented perpendiculatly to the strips with nests
located 20 m apart so that in stip-cut areas, 10 nests
were located in strips and 10 in intersirips, Alternating
nests were positioned in the following manner: 2 on
the ground {1 in the strip, 1 in the interstrip), 2 at 1-2
m height {1 in the stmp, 1 in the interstrip} and so on.
Mests in shrubs wers made of chicken wire and filled
with mosses and leaves. Ground nests were
depressions filted with dead leaves. We positioned a
plastic chip under each ground nest 1o emsure
relocation of depredated nests. Nests were visiled at 7-
. 14- and 21-day intervals. For each nest we recorded
the number of eges preyed upon. One observer
classified each nest in three qualitative concealment
categories: well, moderately and poory hidden.

Data analysis

The numbcr of breeding pairs in cach plot was
estimated according to [BCC critenia {Intemational
Bird Census Comnmitiee 159700 Statistical analysis was
limited dus to small sample sizes, Species richness and
breeding density were compared using a 2 factors
ANOVA (forest type, regrowth type}l with one
observation per c¢ll using the GLM procedure of the
SAS software (SAS Institute, Inc. 1990a) As S5AS
cannot calculate the interaction between the two
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factors when there is only one observation per eell, we
used a test developad by Tukey (Montgomery 1984
212-213). Homogeneity of variance was verified by
plotting residuals against predicted values and
normality of data was tested with the Shapiro-Wilk test
of the UNIVARIATE procedure (SAS Institute, Inc.
1996k} We also used the number of detections duning
a census a8 a unit and averaged it over the seven or
eight visits. This provided a relative abundance
estimate for transient or non-tercitorial species
{Appendix 1). To compare community structure
among treatments, we used cluster analysis performed
with the average linkage method (SAS Institute, Inc.
1990a). The similarity matrix obtoned with Horm's
index  of similarity computed between each
combination of plots was used as input data.

Artifieial nest data were analysed with the
SASANSIGHT unit of SAS, which allows adjustment
of genetalized linear models (SAS Instiate Inc.,
1993). Because the dependent variable was binary (1 =
nest predation, 0 = no predation), we adjusted logistic
regression models, The first model contained only
stip-cut forest data with age of strip {young,
intermediate, old), height of nest (ground or shrub),
location {steip or interstrip) and conceablment index
(well, moderately, pootly hidden) as explanatory
variables. The second model included data from both
strip-cut and uncut forests with type of forest, height of
nest and depree of concealment as explanalory
variables. In both analyses interactions between
explanatory vatiables were included in the model,

An adjustrment was made to account for the over
dispersion of the data and Wald tests were used w0
determine if caplanatory wvariables significantly
improved the it of the model.

Results

Habitat features

For a given age, the vegetation of the stnp vaned
greatly according to whether the regrowth was
predominantly conifercus or deciducus (Table 1).
Conifer-dominated rcgrowth was more opem and
shorter than deciduous-dominated regrowth because
of variation in rates of growth. The two intermediate
f10 years old) strip-cuts were the most contrasting of
the paired plats in term of vegetation structure and
composition. In fact, from a structural perspective, the
deciduous-donminated intermediate plot waz quite
simnilar to the conifer-dominated old-aged plot,

Riotogy and Conservation of Forest Birds
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Table 1. Vegetation feamres of spot-mapping plots based upon 30-40 points within each plot (% of sampling points
classified in the category). Vegetation types: Con = >60% conifer; Mixed = 40-502% deciduous; Dec = >90%

deciduous,

Plot types: ¥ = young {6 yr old); M = medium (10 yr); O = old {14-15 y7); F = final cuts (interstrip removed; C =
ol earout (3-5 vr old}; ¢ = conifer-deminated; d = deciduous-dominated.

Yegetation height in strip Vegetation type in strip Vegetatlon type in =40%

interstrip cover in

Plot <2m 2-5m >5m =60% Con Mixed Dec Con Mirxed Dec Intersrip

COVET

Y 55 55 - 3 63 37 %3 7 - 80

Y4 42 58 - 70 - 2 o8 63 22 L5 97

Mec 1) - - 5 - 85 15 100 - 68

Md 22 57 2] 44 2 45 53 &5 KL - 20

Oc 14 58 18 51 B 34 56 49 51 - 23

Od L5 B5 - 75 - 7 k] 58 40 2 53

Fc 84 16 - [H 11 Bl 8 21 72 7 -

Fd 57 43 - 7 - 50 10 12 B - -

Ceo Bi 19 - 19 - 18 22 - - - -

Cd 47 33 - 56 - 14 36 - - -

Breeding densities

The type of forest had an effect om breeding bird
densities (F,, = 9.0, p = 0.03) and species richness
(Fyq = 372, p = 0.002). Stripcut plots had higher
breeding bird densities (2= 51.2 = 3.1 paits / 10 ha,
n=G) than plots with 1o interstrips (7= 37,1 £ 2.5, n=4}
(Table 2). Species richness was also higher in strip-cut
plots (¥= 26.3 + 0.6 species, n=6) than in other plets
(%= 115 % 1.3, n=4). Species richness did not differ
significantly between plots with conifer- and
deciducus-dominated regrowth (F, 4, = 0.1, p = 0.76)
but conifer-dominated plots tended to have higher
breeding bird densities (F) ;= 9.0, p= (.04). However,
differences were relatively small (< 7 pairs) except for
plots with 10 year old regrowth where the coniferous
plot had 18 more breeding pairs, Two species
accounted for chat difference, the Common
Yellowthroat (12,2 versus 2.6 pairs) and the White-
throated Sparrow {8.4 versus 1.8 pairs). Thess two
species still found suitable habitat in the shorter and
more open coniferous regrowth but not in the higher
and denser decidugus regrowth. Strip-cuts provided
breeding opportunities for 28 forest-associated species
not found breeding in final cuts and clearcuts, These
latter habitats provided breeding habitat for eight
species not found in strip-cuts. Fingl cuts supported
moers species than clearcuts,
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Vegetation regrowth in strips reduced the density
of species associzted with open areas. Four species,
abundant in fina! cuts and clearcuts, found adequate
treeding habvitat in newly-created strips but were much
less abundant in older strips where vegetation
regrowth formed a closed canopy. Those were the
Chestnut-sided Warbler (% = 6.9 + 0.6 pairs / 10 ha,
n=2 in young strips vs 2.3 = 1.1, =2 in old strips),
Mouming Warbler (i0 £ 0.2 vs §), Commen
Yellowthroat (8.9 + 0.2 vs 1.5 = 0.7), and White-
throated Sparrow (8.7 £ 0.8 v5 5.1 £ 1.9). Three other
species of open areas (Alder Flycatcher, Song
Spartow, Lincolns Sparrow), although abundant in
firal cuts and clearcuts, did not use the cpen areas
created by stip-cutting, likely requining opemings
wider than 20 m. A few species responded positively to
the increase in deciduous cover as the strp regrew,
breeding at higher densities in the old deciducus strip-
cut than in the young one (Yeery, Mashville Warbler,
Qvenbird, Canada Warbler, Magnolia Warbler, Black-
and-white Warbler, Rose-breasted Grosbeak).

Vepetztion structure and composition had a
significant effect on bird communities. This is best
illustrated by the intermediate strips which, although
of similar age, were quile different in regrowth height
f=2m in MC and >2m uop to Sm in MD) and
composition {comiferous vs deciduous). The more

Biodogy and Conservation of Forest Birdy
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Table 2. Breeding bird densities (pairs / 10 ha) in various forest types.

Strip-can Final cuht Chearcaty
Yomny Medinn Ol

Con D Con Dhec Con Dt Con Dhec Con Dec
Species (136 hey (176 ha} (19k8)  {(13.6hy)  (13Tha}  (12.5ha} {i23ha} (123ba) (92ha)  {10Fba)
Rufted Grome T ] ot
IEiboy wtbammiend Hu rrftimiegiand ok
Yeliewrdaliind S iy -1.3 ok LT .7 M| LA )
Hairy Widprchier 14 ;7
Bark mckd W tadpeck ey ax
Morthan Flecker .1 L] 04 4 B
Filended Wisklgich:r o
Encirn Woioxal-pewes: LL} 1x
A Fhycptchs Bd 4.1 45 P2 1%
Lowwl Flpischer LE]
(et Crietic! Fyoaacher i kA
Trom Sl 5
Bt My o B oy T ar b3
ik cappwd Chickmdes 14 (Y] 13 ot 1L 1z &5
Texk-Trwmiied M chaack i1} L] 0k -1} 7 o
Browo. Cptamper ar
Woiaer Wren L& 13 L7 1t LE 18
Caokdrserrorermnd Kinghs i1} 2.1 1.6
Ve oy 13 1.2
HermiHt Thivalk i3 LI L3 L 16 F
Aariean Kol L) e ny LY.
Corlar Waswing 0% o 3 o or 113 L& ax pil i1}
Sandiimry Viom 12 L3 F17 aT oy
| AL ) o8 1 b4 F L 12
Ml Wirisker L [} 11 33 16 I ox 14
Chemmin- ol Warblar 4 &3 14 a€i 11 13 4.1 LR LD
Slagrniim Wiothe L | i 4% 5] [ 1] 44 oF
Hlwck-gerered Bhue Warbder L L] T .l 2.2 22 1k
Wil low ruempeed Wb -1 Lk 1.3 7 ot
Blnch -t fureen Warbder 1% 11 .3 | 15 i
Db ines W rvber 14 LN b [ L) 11 A
Falm Wadtiar 1.} 0%
Black mml- whiN Wartier 1x 13 1 44 s i
Amaricas Fadman 7
Ot L2 a4 15 Ll il
Moumity Warkler 1. 12 15 T
Comwots V' kv LT 1| 12.2 1K i ox (LK) (F1.] Ly L )]
Catietly Wrhler L2 14
Sy Tnager ar
Ropwe- hreasind Grosbesk 14 LI X3 [ 1) 14
ong Sy | 38 a5
Limcoln'r Spllmow 14 L& 12 LE
Sy STt LIK]
Wi tyrestaerd Sparrrw 18 LL 54 LA L3 1z 1LE Y BT [301]
Dwrcryed Ao od L L] o4 1% LK
Purpia Finth G4

0Lk (1] 'Y ]

Mhamber of spacien F o H 25 n F] pi) 13 11 LL ]
Number of pain w3 s i34 0 A 454 439 JTh LER] 32
open plot still had high breeding densities of Commaon Bird community structure varied considerably
Yellowthroat and Whire-throated Sparrow, whereas the between sampled forest types {Figure 3). The younpg
muore closed plot had higher breeding densities of Red- stip-cut  with deciduous tegrowth had a bird
eyed Vireo, Chestnut-sided Warbler and Ovenbird, community sttucture domimated by a few species, a
three species associated with deciduous vegetation. situation similar to final cuts and clearcuts. The
The breeding density of Magnolia Warbler increased similarity in structure was due mainly to Common
from 0.8 pairs/10 ha in the deciduous-deminated Yeilowthroat and Whits-throated Sparrow, two specics
yourg strip-cut to 4.4 pairs in the decidvous- quite abundant in final cuts and clearcuts. Young strip-
dominated old strnip. Conifer-dominated strip-cuts had culs, however, had 1wice as many species as final cuts
high and similar breeding densities of Magnolia or clearcuts. Bird communitics of intermcdiate and
Warblers in young and intermediate strips (4.8 and 4.6 cld-aged strip-cuts, however, were less dominated by a
pairs), with the highest breeding density in the conifer- few species. The inportance of forest stucture in
dominated old strip (6.2 pairs). defiming bird communities is illustrated by the conifer-
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Figure 3. Bind community structurcs in relation to dominated plots (Figure 3} where open area species
forest types. found adequate conditions in the short conifer
regrowth of intermediate strip-cuts, which supperted a
bird community similar to young strip-cuts, This was
a =1 not 3¢ in the taller deciduous regrowth.
] Bird communities of stripcuts had a similar
compaosition that differed as a whole from the
communities of final cuts and clearcuts (Figure 4).
They also differed more along their deciduous-conifer
regrowth compoment than across ages. Intermediate
plots with conifer regrowth, however, supported bird
eommunitiss more similar to young stripcuois than to
older strip-cuts,

If we compute the number of indiaduals of cach
species seen during a spot-mapping survey and

4] deciduous-domineted ragrowth

0 1 o : S — : average this number over the total number of surveys,
o I 10 15 20 = o we obtain an estimate of relative abundance of species
Spaciaa rank in the plot with an associated error estimate { Appendix

1}. This is useful to obtain estimates for transient and
non-termitorial species. Generally these indices of
relative abundance confirmed population trends
observed from the breeding hird surveys, ie. more
species present in strip-cut plots (x=42.2 £ 1.5, n=f)
than in final and clearcut plots (7= 28.0 = 2.0, n—4).
Belative densities, however, were similar (¥= 52.5 =
2.7 ¥5 53.7 £ 3.4 birds). Results for individual species
are quitt vaniable but trends are similar to those
observed using the number of territories (Appendix 13,

bj confer-dominatad regrowth

1wl e Pl ot Predation rates of artificial nests
== e As expected, predation rates increased with exposure
o : : ‘ : - time but did not differ significantly between forest
¢ & 1o 15 e & e types in any of the exposure periods (Figure 3, Table
Species renk 3}. After 7 days of exposure, nests in shrubs suffered

Figure 4. Similarity of breeding bird communities (Horn index; average linkage clustering method),

Young Conier (1T}

Modom nged coniler M0) ———

Young Decidiou (YD) R |

o @) | |

) Eomclchunun (001 —_ f-—
rcanro | ——) |
Fird Deciucu {FIY — |

I i 1 L
T T L} 1 T L] 1

a.3 q.4 D& 0. 1.9 1.7 1.4
bormalized rooc-distancs
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the highest rates of predation, a pattern which persisted
throughout the trials {Table 3). After 14 and 21 days
of exposure, height and concealment interacted
significantly to affect predation rates in the following
manner; at first glance, it appears that ground nests
were less Trequently depredated than shrub nests
(Figure 6} but a closer analysis taking into account
nest concealment indicates that only well concealed
greund nests experienced lower predation {three limes
less) than other nests (Table 4).

Because the number of nests in each concealment
calepory vared greatly with nest height {mote nests
well concealed on the ground) and forest type, we
adjusted predation rates by assuming a umiform
distribution of nests in concealment categories among
nest locations and forest types. Dhifferences in
predation rates between forest types that were not
significant with unadjusted data differed even less
after adiustments. However, shrub nests still suffered

Table 3. Logistic regression of predation rate in
relation to forest type, nest height and degree of
concealment for exposure times of 7,14 and 21 days.
df = degrees of freedom; significance (p) caleulated
using Wald test.

Soorce df i p
1) T days-expoaure
Forest type 3243 04Y
Nest height 1 512 (024
Concealment 2 L3 450
Type x height 3 208 056
Type x coocealment 6 566 046
Height concealment 2 422 012
b) 14 days-exposure
Forest type 3 307 D38
Mest height {1013 0002
Concealment 2 212 035
Type x height 3 403 0286
Type x conceaiment & 1232 0%
Height x concealment 2 K72 0034
<) 21 days-exposare
Forest type 3 257 D46
Nest height 1 733 0.007
Concealment 2 &l6 (046
Type x height 3 &30 .09
Type x concealment & 416 0465
Height % concealment 2 640 0.04)
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higher predation rates than ground nests, althoogh the
difference is now smaller. Mo differences in predation
rates were found between nests in strips and interstrips
(17 week : ¥’ =0.19, p=0.60 ; 2 week : ' = 0.2, p
=0.64 ; 3% week 1 7 = 0.52, p = 0.47).

Table 4. Relationships between predation rates, nest
height and nest concealment.

Conceatmemi
Nest Good Average  PFoor
helght
Groand 021~ Q.71 0.69
Shiub 0.71 063 0.83
* predation rate
Discussion

As expected, stnip-cut areas retained several forest-
species which continued to breed in the modified
habitat. However, these species disappeared following
the cut of the interstrip. Theoretically, the longer the
removal of the interstrip is postponed the more
vegetated the strip will become and the site might then
gttract and retain more forest-associated species than
observed in this study. Strip-cotting permits the
addition of open land species into the forest bird
cormmunity, In this study, 20 m strips proved quite
acceptable to Commom Yellowthroat and Chestut-
sided Warbler, two species associated with open
shrubby areas (Titterington et al. 1973, Morgan and
Freedman 1986, Hagan et al. 1997) and which readily
invade small openings (0.4 ha} in northern hardwood
forests (Germaine et al. 1997).

The attraction of harvested stnps to Common
Yellowthreat may be due in part to the wet and hurnud
soil conditions resulting from poer drainage. Some
strips even had cattails growing in depressions created
by machinery during harvesting. However, harvested
strips proved too stall for Song Sparrow, Lincoln
Sparrow and Alder Flycatcher Wider stnips may be
needed to attract these species. On the other hand,
wider strips may reduce the use of sitip-cuts by some
forest species, as some species apparently included
more than one interstrip in their termitory.  Rail et al
(1597} showed that the probability of crossing a gap
larger than 20 m decreased rapidly for forest specialist

Biolagy und Conservation of Forest Birds
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Figure 5. Predation rate in relation to forest type and
£xposure type.

T

¥ dayn ™ dayn 2 dem

Figure & Predation rate in relation to nest height and
eXposure tme.,

L

[ 5T
LLE [

* ]
P il
= ;.
7 i 14 chpy. v
Expogire thine

birds. The slower prowing conifer- demimated strips
supported open area species longer than strips with
mare rapidly growing deciduous trees and shrubs.

Species asspcrated with deciduous trees apd
shrubs (Rosc-breasted Grosbeak, Owvenbird, Canada
Warbler, Veery) mvaded smip-cut areas with dense
deciducus regenerstion but not those with conifer-
dominated regrowth. These species were mare in the
unaut conifer-dornmated forest (Falardeau and Savand
19949).

There have been few studies which have measured
the impact of sttip-cutting on breeding birds.
Freedman ot al. (1981) surveyed two small stip-cut
plots (2.9 and 6.2 ha} in 2 hardwood forest of Nova
Scona, where breeding birds densities were 475 pairs
and 57.5 pairs respectively, which is similar to our
results. However, their species richness was much
lower, only 13 and 10 species compared to 25-28
species in cur study. This difference may reflect in part
not only the smaller size of their plots but also the
greater heterogeneity of our conifer-dominated mixed
forest. Three species {Chestnut-sided Warbfer,
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Moumning Warbler, Common Yellowthroat), absent
ftorn their control hardwood forest, used stnp-cut
areas, as we also found. Song Sparrows did not use
their strip-cut plots, but used clearcut plots,
comfirming their need for wider and more open areas
{Freedman et 2l. 1981). Doyon et al. (1997) compared
the relative abundance of birds in strip-cut and uncut
hardwoed forests in northwestern Québec. Their
experimentzl design differed considerably from ours
as they sampled strips 30, 60 and 90 m wide, separated
by inferstrips twice as wide as the strips and presented
the data combined for these strip-cuts contrasting them
with uncut forest. Four species (Chestnut-sided
Warbler, American Redstart, Canada Warbler,
Magnolia Warbler), were mare abundant in strip-cut
areas than in uncut forest. Interestingly, White-
throated Sparrow and Commen Yellowthroat were not
abundant in their study area.

Nest predation rates

In contrast to predation studies conducted in
agriculture and urban landscapes, studies in forest
landscapes generally have not reported higher
predation rates along edges. Some studies even
recorded predation rates hipher away from edges
{Yahner and Wright 1985, Yahner and Cypher 1987,
Rudnicki and Hunter 1993, Darveau et al. 1497}, Dur
study supported those results, as we found no
difference in rate of nest predation ameng and between
strip-cut and uncut forests. This may in part be due to
the recent origin of edges in forested landscapes
compared to agricultueal or urban areas where predator
densities may be higher due to human sources of foods
{Rudnicki z2nd Hunter 1993).

The relatively narrow strips {26 m) we studied,
may oot create ecolopical edges as they are surrounded
by 20 m strips of intact forest. Though questioned, the
use of artificial nests shll provides usaful indications
on predation nisk (Major and Kendall 1996, Wilson et
al. 199%). Qur experiment did not reveal any major
differences in nest predation rates between forest types
or between strips and interstrips. Ground nests had
lower probability of predation than shrub nests, which
supgests that corvids and squirrels may be the most
common predators in the type of forests we studied.
However, caution is required in our conclustons as the
fledging success of real broods in each forest type
remains to be studied,

Clearly, more studies are needed to fully
understand the dynamics of bird communities in
relation to strip-cutting. OCur study indicates that a
substantial number of species can persist in a strip-
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cutting regime, at least until the final cut. Of course the
width of strips and interstrips will affect tird
communities, with narrow stips favouring the
retention of a greater part of the forest bird community
and wider strips attracting more open land species.
Bird communities were extremely  dynamic,
responding to changes in vegetation stucture and
composition. Strip-cuts where the interstrip is left
uncut may prove to be effective in maintaiming some
forest-associated birds locally and to promote bird
diversity. However, their value when the interstrip is
remeved will depend on the age of the regrowth at the
time of removal. The younger the age, the more strip-
cuts will approximate clearcuts, but older regrowth
{greater than 20 years) may help retain some forest
bird species.
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Appendix 1. Relative abundance of birds in the spot-mapping plots (mean [+ $.E.] number of birds per 10 ha recorded
during the spot-mapping sarvey). Vegetation types: Con = conifer, Dec = deciduous.
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Effect of a large burn in the boreal forest on
reproduction of American Kestrels
and other birds

Russell D. Dawson and Gary R. Bortolotti

Abstract

Little is known about the proximate effects of forest fires on the reproductive ecology of birds in the boreal forest. Such
information is important, especially piven the interest in having anthropogenic sources of disturbance in the forest,
such as logging, mimic natural processes, I 1995, a 73,220 ha forest five on our study area gave us the oppottunity to
assess the effects of fire on reproduction of American Kestrels {Falco sparverius). We compared reproductive variables
on control and burn area: both before and after the fite in a “before-afier-control-impact™ design. Nest box occupancy,
laying date, clutch size, egg size, number of offspring fledged, and condition of young at fledgsng were not affected by
the fire. These results are not unexpected, given that the main prey of kestrels, small mammals, were also not affected
by the fire. We conclude that large scale changes in the landscape have litle impact on kestrels, provided their prey
base remains intact. In addition, we comment on conspicuous changes in the abundance of several other bird species
after the fire.

Résumé

Peu de choses sont connues sur effet immédiat des feux de forét sur I'éoologie de reproduction des oiseaux; de la forit
boréale. Des informations de ¢& typt sont importantes surtout avec Iintérét grandissant &'aveir des sources de
perturbation anthropogénigques telles la coupe forestidre qui ressembleraient de plus prés aux processus naturels. En
1995, yn feu de 73,220 ha sur nevtre aire d*&ude nous a donnd 1"opportunité d*évaluer les effets du few sur la reproduction
de la Crécerelle d’ Amérique {Falco sparvenios). Wous avens comparg les paraméires de reproduction sur des parcelles
comtrilées et des parcelles brilées, avant ¢t aprés few, selon un protocale d'étude wavant-aprés-témoin- expérimentals.
Le degré d'occupation des nichoirs, 1a date de ponte, la taille de ponte, le nombre d'ceufs, le nombre de jeunes 4 Ienvol
et leur condition & I'mvel n'ont pas &é affectés par le feu. Ces résultats ne sont pas surprenants, puisque les proies
principales des crécerelles, les petits manitiferes, n'ont pas éé affectés par le feu. Mous concluons que les changements
a grande £chelle dens le paysape ont peu d'impacts sur les crécerslles, 4 condition que leur projes ne soient pas affectées,
D« plus, nous discotons plusieurs des changemenits importants dans |"abondance de plusieurs autres especes d'oiseaux
g ont eu liew suite au feu,

Russell . Dawson and Gary R. Borfolotti, Depariment of Biclogy, University of Saskatchewan, 112 Science
Place, Saskatoon, Saskarchewan, Canada STN SE2. (bortolottii@sask usasi.ca)
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Introduction

Despite the fact that fire is the primary ecclogical
factor responsible for renewal in the boreal forest, its
effects on wildlife populations have received little
study (sec Erskine 1977, Kelsall et al. 1977; Fox 1983;
Whelan 1995). Although ultimately the fate of boreal
forest bird communities iz linked to fire history, linle
is known of the proximate response of birds to the
changes in habitat brought about from a forest fire.
Some studies have focused on changes in avian
community structure {e.g., Fox 1983; Spires and
Bendell 1983; Shutler 1987), but fewer have been able
to address in detail how reproductive parameters might
be affected. It is difficult to generalize about the
effects of fire on birds because of vapation in habitats
studied, specific characteristics of the bums, as well as
differences in methodelogies and validity of controls
fsee Huff et al. 1985; Shutler 1987).

The need for information on the ecology of forest
fires goes beyond academic concern, as there is
increasing interest in having anthropogenic sources of
disturbance in the forest, such as lopging, mimuc
natural processes and natural landscape-level paticrns
of age structure and species composition {e.g.,
Bondrup-Niclsen 19935). This is a viable objective only
if logging does in fact mimic the offects of forest fires,
as 15 50 often assuned to be the case (e.z., Kelsall et al.
1977}, Some studies of birds have even combined
logged and bumed areas in their analyses (Bendell
1974; Fox 1983). Several research programmes are
corrently addressing the question of how forest
frapmentation by logging affects birds, yet there are
few data to compare these studies 10 natural foroes of
forest fragmentation. Cur leng-term (9 years) study of
Amenican Kestrels (Falco sparverius) has provided us
with an exceptional opponunity to guantitatively
investigate how birds and small mammals respend to
fires. In addition, given a long-term database (29
years) on the avifauna of our study area {Gerrard et al.
1996, and G.R. Bortolot, pers. obs.), we are able to
comment, at least anecdotally, on the responses of
some other species,

Many studies of the effects of fire on bird
populations have lacked adequate conwrols {Bendell
1974; Shutler 1987y, Ovor approach 15 to employ
multiple comparisons in both space and time. As is
commonly done, we compare bumned versus unburned
“control” areas in the year following the fire, However,
unlike most studies we are also able to compare these
areas in the years prior to the fire to ensure that the
contral is representative, [n addition, we are able to
compare post-burn results to data collected over a
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pericd of years prior to the fire on the bumed site. Our
statistical design therefore corresponds to a “before-
after-control-impact”™ design (Stewart-Oaten 2t al.
1985; Wieps and Parker 1995}, and provides a
powerful perspective on potential effects of fire.

Materials and Methods

Study area

Birds have been studied in the vicinity of Besnard
Lake, north-central Saskatchewan (55N, 106W) since
1968, and an inensive research programme on kestrels
began in 1988, This area is at the transition of the
Morthern Coniferous and Mixedwood sections of the
Boreal Forest Region (Rowe 1972) and cormesponds
with the southern edge of the Precambrian Shield.
Much of the mature jack pine (Pirnus banksiong) forest
was clearcut from the mid-1970s to the mid-1%80s,
although some cutting of wembling aspen {Populus
tremuloidesy and white spruce (Picea glauca)
continies today {Gerrard et al, 1996). Bortolot (1994)
and Gerrard et al. { 1996) provide detailed descriptions
of the physical and ecological attributes of the area. Our
work has been focused on over 200 km of roads and
logging trails accessible by track (Figure 1),

Om 28 May 1935 lighining caused a fire in the
wogternmost portion of our study arca. Despite
considerable efforis by provincial forest fire-fiphters,
the *Tippo" fire bumed continuously until it was
extinguished by heavy rains on 10 July 1995, The total
area of the bum was estmated to bhe 73,220 hz
{Saskatchewan Forest Fire Manapement Branch, pers,
cormun.) (Figare 13 As 15 typical of fires in the boreal
forest, some small patches remained partially
unburned, but a considerable area was exposed 1o a hot
fire and all trees were killed (but remained standing).

Bird studies

Kestrels have been studied in the area since 193R
Although cavities abound in the area, most kestrels
choose to nest in boxes (Bortolotn 1994). All boxes in
this study were of uniform size (23.1 x 20.3 cm at the
base, a 7.5 cm diameter entrance hole) and constructed
of 15 mm exterior-grade plywood (for details see
Borwoloiti 19943 . They were nailed to trees about 4 m
above grovnd in a variety of habitats from continuous
forests to clearcuts {see Bortolotti 1994, Gerrard et al,
1934).

As there were only 20 boxes in 1988 in the area
that eventually burned, we [imit most of gur anafyses
1o 1989-1996, In the yvear of the firg, 1993, thers were
64 kestrel nest boxes in the area that burned and )7
boxes outside of it. The fire destroyed 19 of the 64

Biology and Conservation of Forest Birds



Effects of burn an keswrel reproduction

131

Figure 1, Map of entire study area. Data were collected on areas accessible from Highways 165 and 910, and adjoining
logging roads (dashed lines). Dark shading indicates area consumed by “Tippo” fire in 1995, nset map shows general

location of study area,

boxes and so, in 1956, we erected replacements in the
same locale, uzoally the same tree. We chose o include
all boxes puiside of the burn as 2 “control”™, rather than
post hoc assess what might be the area most similar for
comparison, [n the years prior to the fire the number of

boxes in each area varied somewhat. From 1991 to
1996, the burned area had &0-64 boxes, while the
control had 285-307. In 1989, there were 34 and 233,
and in 1990 there were 38 and 270 in burn and cantro!
arcas, respectively.
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Almost all nest boxes have complete data for
occupancy, laying date {+ 1 day} and clutch size given
our rigorous schedule of checking nest boxes (e.g., sce
Bortolotti 1994, Dawson and Bortoloti 1997%a2). The
few cases where data were imprecise have been
deleted. Our data on egg size, nestling condition (see
below) and brood size are from a subset of natural,
unmmaniplated nests becavse of limited availability or
because there were expenments ipvelving brood size.

Kestrels artive on the study arga in late-April and
begin laying in mid-May. As the fire swept though the
area during the incubation period, we were able to use
the 1995 data on laying date and clutch size as the pre-
fire peniod, and 1996 25 the post-fire period For
analysis of epg size, brood size at fledging and nestling
condition, we use 1994 as the pre-fire penod.

For the analysis of egp size and nestling condition,
it was mappropriate to treat individual measures as
independent, Therefore, for egp size we used mean egg
volume per clutch (see Wiebe and Bortolotti 1995).
For an index, of nestling condition, we used mass and
tenth primary feather length of chicks measured when
the first-hatched nestling of the brood was 24 days old
{see Dawson and Bortolonti 19974). We calculated
means fot mass and primary length of males and
females separately for each nest. Subsequently, the
sexes were analyzed separately rather than using sex as
a factot, 1o avoid any one nest appeanng repeatedly in
any analysis,

We have alse kept records on the distribution of
other species of birds in the area for most of the
summer months for 4 (RDD) and 16 (GRE) years. In
addition 10 studies of kestrels, omnithologists have been
working near-continuously in the area since 1968 and
have provided an unusually thorough annotated list of
the birds of the region (see Gerrard et al. 1994),
howevet, we believe that we could detect only dramatic
changes with reasonable cerlainty,

Small mamrmal populations

As part of our work on kestrels, small mammals were
snap-trapped each year since the project’s inception to
quantify prey abundance. Each trap line coincided
with 2 kestrel tertitory. Our larpest sample of lines for
the pre-fire years was 1994, when 10 lines were
trapped in the burn and 7% hines outside of the burn. In
the post-fire year, 1996, we trapped at 20 lines in the
bum and 34 outside of it. Each line was situated
parzllcl to, and 10 m from, 2 road. Ar each line there
were 10 stations spaced 30 m aparl. At each statigh
there were 2 snap traps baited with peanot butter. The
traps were open for 3 consecutive days and any that
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were triggerad were Teset each mothing. At stations
wherc both traps had been sprung, it was assumed that
the traps were available for only half the time and so a
corrected murnber of available traps was used. We
present data on the mean number of all species of
small mammals per 100 traps sampled in early July
each year. We repeated the statistical analyses using
coly wvoles {almost all were red-backed voles
Clethrionomys gapperi), but the resolts werg the same
so we present data only on total small mammals.
Although this index would stem t0 be a coarse
measure of food availability, it correlates well with
kegtrel reproduction {¢.p., Bortolotti et al. 1991; Wiebe
and Bortolotti 1992, 1994, 1995). Many predatory
birds are dependent on small mammals and so these
data are likely also relevant to predicting the response
of other similar species of birds to fires,

Results

American Kastrels

Prior to the fire in 1995, 31 of 64 (48.4%) boxes were
occupied on the bum and 117 of 307 (38.4%) were
used on the control area, Ocoupancy afier the fire in
1996 was 27 of 60 (45.0%) in the bum versus 115 of
297 (39.4%} in the control arca. We used logistic
regression with box occupancy as a binary dependent
vaniable, and year and area as categorical explanatory
variables, Oceupancy of nest boxes was not different
between years {y* = 0.08, df = 1, p= 0.78), but the burn
area had marginally higher occupancy than  the
control area (x* = 2.93, df = |, p = 0.087; Figure 2).
There was no interaction betwesn year and area (¥* =
017, df = 1, p = 0.68), suggesting the fire had little
impact on nest box ocoupancy.

Figure 2. Nest box occupancy by American Kestrels
in north-central Saskatchewan in burm and control
areas. Arrow denotes onset of Lhe fire,
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85 90 91 52 93 B4 65 §6
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Table 1. Reproductive parameters of American Kestrels breeding before (1994, 1995) and after (1996) the “Tippo”
forest fire of 1995, Mean egg size was calculated using means of eggs in each nest.

ARFEA
Burn Control
Variable Yenr Mean 5D N Mean s.D N
Clutch size 1995 4.8 0.7} 114 4.9 0.4 102
1996 4.5 0,53 25 4.6 0.59 LH]
Laying date 1995 141.4 7.6% 24 i41.2 51 106
1996 145.8 7.93 23 146.0 835 107
Egg volume {cm"} 1944 14.1 {0.80 1] 138 1.46 73
1995 13.7 0.84 19 13.8 1.17 16
Brood size 1994 3.5 1.6] 13 32 1.23 13
1994 39 1.24 25 37 0.95 49

There was remarkable similarity between burn
and control areas in all reproductive parameters that
we measured bath before and after the fire (Table 1),
Fot laying date, a 2-way analysis of variance (ANOVA)
of year (1995 versus 1996 corresponding to pre- and
post- burn, respectively) and area (burn and control)
showed a highly significant year sffect ':F[l,.?ﬁ] -
14.88, p = 0.001). If the burn cavsed any effect on
laying date, we predicted that there would be a
significant interaction between year and area, but there
was none { Fy; 255) = 0.02, p = 0.88}. There was also no
significant effect of area, suggestiog that the contral
was representative (Fy zes) = 0.001, p = 0.98).

Cluteh size showed a pattern of variation sirmilar
to laying date. Mean clutch sizes were nearly identical
for burmn and conteol areas (Table 1), Most kestrels laid
either 4 or 5 eggs, but we could not detect any
difference in clutch size between the burn and control
areas (Fyi 243 = 0.02, p = 0.88). The pre- versus post-
fire comparison suggests a change m cluich size
cccurred between years (Fp 343, = 7.86, p = 0.003), but
this is clearly annual variation independent of arca
because the interaction between year and area was not
signiﬁl:am [F[LHJ] = ﬂ45, 7= ﬂSﬂ, Table ]]

To exarine the response of egg size to the bum
we Ffirst investigated other potential sources of
varation such as laying date and clutch size. We
limited cur analyses to the most commeon clutch sizes
of 4 and 5 eggs. Only clutch size proved to be
significant (see also Wicbke and Bortolotti 1993), We
then performed a 3-way ANOVA including clutch size
{4 and 53, year {1994 versus 1596, corresponding to
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pre- and post-burn, respectively), and area {burh and
control). Clutch size did not contribute 1o the model
and so was dropped. The subszquent 2-way ANOVA of
the potential effects of year and area showed no
significant effects {area: Fpy 2y = 0.11, p = 0.74, year
F[]_l'_',l.‘] = D’j?, P= ﬂ.4-51. area X year: F[].l'?'l] = {IHE, P=
0.32).

Brood size at fledging was similar between the
burn and contrel areas {Table 1; Fp ;) = 0.87, p =
{1.35), but there was a trend for breod size to be larger
in 1996 than in 1994 (F|, .4 = 2.99, p = 0.09). The
year by area interaction was not significant (Fy; ;¢ =
0.001, p = 0,993,

There are several vanables that may influence
nestling condition. We therefore used an ANQVA
medel that incorporated not only area and year, but
also hatching date and brood size a5 potential factors.
The most important result would be an interaction
between year {pre- versus post-burn} and area, but for
neither males nor females was there any result
approaching significance (all p > 0.12) for mass or
tenth primary length. Similarly, area was always
nonsignificant (p > (.60 (see Table 2},

Small Mammals

Similar to our results for kesirel reproduction, the
nomber of small mammals did not appear to be
affected by the burn (Figure 3). A 2-way ANOVA with
year (1994 and 1996) and area as factors showed
significant differences between years in the number of
small mammals (Fj| jze;=25.70, p = 0.0001); however,
no area effects could be detected (F[ 139 = 0.21, p =
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Drawson and Bortolofti

Table 2. Mean weight (g) and tenth primary Jength {(mm} + SD of male and female American Festrels at 24-days old
{minirmurn fledging age) from north-central Saskatchewan. 1994 represents the pre-burmn year while 1996 is the posi-

burn year. Sample sizes refer te number of nests.

AREA
Barn Caontrol
194 1996 1994 1996
Yatiakle Mean S.D. M Mem 8D N Mean SD. N Mean =D N
Mala 109 19 7 115 g3 17 114 o 1 113 5.6 q
weight
Female 119 53 7 121 11 17 123 88 10 123 8.4 G
weight
Male 10" 524 87 7 60.9 49 17 59 gs 11 50 6.3 9
primary
Female L0 56.3 4.1 7 62.3 56 17 504 g8 10 52.5 5.3 G
primary

Figure 3. Number of small manunals per 100 trap
nights on kestre! territories before (1994) and after
{19956} the 1995 forest fire. Error bars represent + |
standard deviation,

50
—a&— Bum
3
E 40 --=----- Contrel
£ 30-
’é |
o 1]
5 20- ¢ ]
; | a
E 104 i ¢
Z :
0 T ]
1994 1996
Year

00.65), nor was there an interaction between area and
year (Fji 139 = 0.40, p = 0.53}.

Other birds

We did not systematically survey birds in the burn, but
three species showed an apparent positive response to
the tum. MNorthern Hawk-owls (Surnia ulefa) were
seen only 7 times in 27 years in the entire study area
{Gerrard et al. 1996) prior to the fire. In both 1996 and
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L1997, it was possible 1o observe hawk-owls in the bumn
almost daily. In 1996, one bird was captured there with
a bal-chatri trap (Berger and Mucller 1959); this bird
posssssed a brood patch, so it is reasonable o assume
it was breeding. In 1997, two hawk-owls were captured
in the same area.

Two species of passerines bred for the first time in
our eest boxes in the year afier the burn. [n 1996, Tree
Swallows (Tachycineta Bicolor} taid cggs in 3 (5%) of
the 60 kestrel boxes available in the b that year. Two
othet partial nests were built that we atnibuved to Tree
Swallows, Similarly, House Wrens (Troglodytes
aedan) alsa laid in 3 (5%) boxes as well. None of the
297 control boxes im 1996, or any of the 2,541 previous
years' boxes (summed 1988-1995) had ever been used
bry these two species.

Discussion

The continued presence of kestrels after the fire was
not unexpected, as they are an adaptable species and
occur over 4 wide range of habitat types in our study
area (from lakeshores with continuous mature forest,
to muskeg, to clearcuts and road allowances) and
across their North American range (forests, farmland,
deserts). That there was no change in box occupancy
rate or any othet teproductive parameter was, however,
surptising, Results for the burn and contro! areas were
remarkably similar (Tablze 1). The Ffew minor
differences pre- and post-burn were clearly anrual
effects independent of arca. 30, despite a major change
in the habitat, kestrels did not respond.
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This lack of response may be less surprising when
one considers the data on prey populations. Several
reproductive parameters of American Kestrels in our
area, including egp size {Wiebe and Bortolomi 1995)
and nestling condition (e.g., Bortolott et al. 1991;
Wiebe and Borolotti 1992), but nat box occupancy
rate (G R, Bortolotti, unpubl. data), correlate with food
supply. There did not appear to be any respense of
small mammals te the bum (Figure 3). Although the
literature reports variable responses for small
mammals, many studies show oo effect of fire
consistent with our results {see Bendell 1974; Keizall
et al. 1977, Whelan 1995). Even if population size of
small mammals did not change, ene would expect
availability of prey to hunting kestrels to be greatly
enhanced given the lack of post-fire cover. i such
occurred, it did not translate inte enhanced
reproduction for the kestrels. We do net know what
happened to populations of other common prey of
kestrels such as frogs and dragonflies. However,
whatever changes may have occcurred in prey
abundance or availability, kestrels appeared to have
adapted well as they fledged the same number and
quality of offspring on and off the burn (Tables | and
2). Linle information on other raptors is available for
comparizen, but Yensen et al. (1992) reported that fires
appear to have a negative effect on raptors of the Snake
River Birds of Prey Area, [daho, by creating an
unstable prey base.

We do net have data on how large-scale logging
taight be comparable to the burn, but we suspect that
results would differ. Although kestrels are abundant in
the clearcuts we were working in, logging cccurred 10
tor 20 years age in most of the area. The fow kestrel
termitories where small-scale (<200 ha) logging has
oceurred have been sbandoned immediately afterward,
and generally we do not see kesrels in such areas for
a few years after cutting. Again this may be expected if
smali mammal numbers are lower on recent clearcuts.
As with fires, the effect of clearcutting is likely
vaniable and site-dependent. Jomes (1978) studied
small mammal populations in the boreal mixedwood
forest of Saskatchewan approximately 125 km south of
our arza. He found that populations of red-backad
voles (by far the kestrels' main prey; G.R. Bortolott,
pers. obs.) were lower in the year following harvest on
the clearcut compared to uneut adjacent forest. The
sarme was tree in clearcut jack pine stands in Manitoba
(5imms 2nd Buckner 1973} On the bumn site, there
was an immediate and lush regeneration of herbaceous
growth. In contrast, it seems to take moch longer for
most cutovers we have seen to regenerate, and there is
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glways a proportion of the land that has little
vegelation on it for years to come (g.g., landings, slash
piles, compacted soil}.

Other attributes of clearcuts are Likely to make
them even more inhospitable to kestreis than the
depression in prey numbers. Current logging practices
typically involve the complete removal of all trees.
Frevieusly in our area, only softwoods were removed
and so clemps of aspen were left behind, thus
providing hunting perches and potential nest sites, The
standing timber lcft by fire has the same benefits.

It seems reasonable that the posilive responses by
Northern Hawk-owls, Tree Swailows and House
Wrens were the result of fie and not merely the
opening of the habitat as would be created by logging.
While Tree Swallows have been reasonably comman
breeding birds in our study area, they never used our
kestrel boxes except in the burn. In 1994, we trected
21 small nest boxes in clearcuts specifically for
swallows. Only one of these appears to have been used
that year (Getrard et al. 1996), and & of thess
monitored in both 1995 and 1996 remained unused.
Because we observed swallows in the area of these
boxes we assume cavities were likely not limiting
reproduction. [t is unlikely that fewer absolute number
of cavities existed in the burn afier the fire, as most
trees remained standing after being killed. However,
the swallow population may have increased, resulting
in a relative shortage of nest sites. The burn therefore
may have been an amractive habitat for swallows.
Smith (1996} includes “burnt lands” as the nesting
habitat for tree swallows in Saskatchewan.

Both Northermn Hawk-owls and House Wrens
seemed 10 be absent gs breeders in the arza antil after
the fire. There were no records of House Wrens in the
entire study area between 1968 and 1995 (Gerrard et
al. 1996, and G.R. Boniolowti, pers. obs.); however,
they have been seen in Beauval, approximately 650 km
by air from out bum (Gerrard et al. 19%6). There are
three breeding records of Worthern Hawk-owls in
Saskatchewan, but they are believed to prefer bumns
and open bogs for nesting and foraging (Smith 1996).
The breeding records of House Wrens reporied here
are more northern than any summarized in Smith
{1996). Apparently, wrens in the boreal forest favour
regenerating burns or other dry brushy sites {Smith
1996), While this species certainly responded to the
butn in our area, they appear to be absent from brushy
AIEds.

Although intuitively one expects bird populations
to respond to major habitat alterations, such was not
the case for American Kestrels. In contrast, it appears
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that other species, like Northern Hawk-owls, House
Wrens, and perhaps Tree Swallows, did respond
positively to the fire. Clearly, generalizations must be
made with caution and & clear statement of which
species are evalyated. Ovr suggestion that logging and
forest fires do not have comparable impacts on birds
warrants further study, especially piven the current
interest in  having anthropegenic sources of
disturbanee in the forest nirmie natural processes.

Acknowledgements

The authors couldn't care less whose name went st
op this paper as our contnbutions were equal. We are
grateful to many people who helped us collect data,
especially Jeff Ball, Carla Fehr, Miranda Hart, Mike
Miller, Suzanne Tomassi and Jennifer Willson. We
thank two anomymous referees whose comments
jmproved the manuscript. Funding was provided by the
Natural Sciences and Engineering Research Council
of Canada in a grant to GRB angd a scholarship to
RDD. The MNorthern Scientific Training Programme,
Canadian Wildlife Federation and University of
Saskatchewan provided additional funding te RDD.
The Forest Fire Management Branch of Saskatchewan
kindly provided information on the fire.,

References

Bendell, LF. 1974, Effects of fire on birds and
marmmals. Pages 73-138 in Fire and ecosystems
{T.T. Kozlowski and C.E. Ahlgren, eds.).
Academic Press, New York.,

Berger, D.D. and H.C. Mueller. 1959, The bal-chawi: a
trap for the birds of prey. Bird-banding 30: 18-26.

Bondrup-Mieisen, 5. 1995. Foresiy and the boreal
forest: maintainmg inherent landscape patterns.
Water, Air and Soil Pollution 82: T71-76,

Bortodotti, G.B, 1994 Effect of nest-box size on nest-
site preference and reproduction in American
Kestrels. faurnal of Raptor Regearch 28: 127-133,

Borolotti, G.R., K. L. Wicbe and WM. [ko. 1991,
Camnibalismm of nestling American Kestrels by
their parents and siblings. Canadian Journal of
Zoology 69: 1447-1453,

Dawson, B2 and G.R. Boroloth, 1997a. Total
plasma protein level as an indicator of condition
in wild American Kestrels (Fufco sparverius).
Canadian Journal of Zoclogy 75 680-686,

Dawson, RB.D. and G.R. Bortolotti. 1997b, Variation in
hermatocrit and total plasma proteins of nesthng
American Kestrels (Faico sparverius) in the wild.
Comparatve Biochemistry and Physiology 117A:
383-300.

Society af Canadian Ornitholagists Special Publication No. 1, 1999

Dawson and Bortolott;

Erskine, A 1977. Birds in boreal Canada;
commuhities, densities and adaptations. Canadian
wildlife Service Wildlife Report No. 41, Ottawa,
Omtario.

Fox, JF. 1983, Post-fire succession of small-mammal
and bitd commueitizs, Pages 155-180 in The role
of fire in nowthern circumpolar ecosysterns (R W
Wein and DA, MacLean, eds.). John Wiley and
Sons, Mew York,

Gerrard, JM_, G.R. Bortalotti and E_L. Wishe., 1596,
Birds of the Besnard Lake area nonth-central
Saskatchewan, 19681994, Nature Saskatchewsn,
Regina, Saskatchewan,

Huff, MH, 1X. Agee and DA, Manuwal. 1985,
Postfire succession of avifauna in the Olympis
Mountains, Washington. Pages 8-15 fn Fite's
effects on wildlife habitat (JF. Lotan and K.
Brown, eds.). US. Department of Agnculture,
Forest Scryvice, General Technical Report Int-186,
Ogden, Unah

Jones, GR. (978 The influence of clearcutting on
szl thamemal populations in the southem boreal
ferest of Saskarchewan. Uppublished M. 5c.
thesis, University of Saskawchewan, Saskatoon,
Saskatchewan.

Kelsall, 1P, E.5. Telfer end T.I} Wright. 1977. The
effects of fire om the ecology of the boreal forest,
with particular reference to the Canadian north: 2
review and selected bibliography. Canadian
Wildlife Service Occasional Faper MNo. 32,
Orawa, Ontario,

Rowe, LS. 1972. Forest regions of Canada. Canadian
Forest Service Publication No. 130H), Ottawa,
Umtaria.

Shutler, D0 1987 Post-fire bird communities and
vegetation complexity. Unpublished M.5¢, thesis,
MeGill University, Montrzal, Québec.

Simms, H.P and C.H. Buckner, 1973, The effect of
clearcutting and burning of Pimus banksicea
forests on the populations of small marsnals in
southeastern  Manitoba. American Midland
Naturalist #} 228-231.

Smith, AR 1996 Adas of Saskatchewan birds,
Emvironment Canada and Mature Saskatchewan,
Regina, Saskatchewan.

Spires, S. and JF. Bendell. 983, Early postfire cifects
on some imvertebrates, small mammals and birds
in norh-central Ontario, Pages 308-31% in
Resources and dynamics of the boreal zome (B.W,
Wein, R.E. Riewe and [ R, Methven, eds)
Asspciation of Canadian  Universities For
Morthern Smgdies, Chtawa, QOntano.

Bialogy and Conservation af Forest Bivds



Effects of burn on kestref reproduction 137

Stewart-Oaten, A, WH. Murdoch and K.E. Parker.
1986. Environmental impact assessment:
“pseudoreplication™ in time? Ecology 67 92%-
940,

Whelan, R.J. 19935, The ecology of fire. Cambridge
University Press, Cambridge, England.

Wiebe, K L. and G.R. Benwoloai. 1992, Facultative sex
ratic manipulation in American Kestrels.
Behavioural Ecolegy and Sociobiology 30: 379-
380

Wiebe, K.L. and G.R. Bontolotti. 1994, Food supply
and hatching spans of birds: energy constraints or
facultative manipulation? Ecology 75: 813-823.

Wiebe, K.L. and {i.E. Bortoloti. 1995, Egg size and
clutch size in the eprodoctive investment of
American Kesirels. Journal of Zoology (London)
237 285-301.

Wiens, JA, and K.R. Parker. 1995, Analyzing the
effects of accidental environmental impacts:
appreaches and assumptions.  Ecological
Applications 5: 1069- 083,

Yensen, E., L. Quinney, K. Johnsen, K. Timmerman
and K. Steenhof, 1992, Fire, vegetational changes,
atd population fluctuations of Townsends proond
squirrels. American Midland Maturalist 128 299.
312

Society of Canedian Ormithelogisis Special Publication No. 1. 1999 Biclogy and Conservation of Forest Rivds




139

Concluding remarks: content versus context
in forest bird research

AW. Diamond

Abstract

Research on the effects on bards of stand characteristics (‘content') is contrasted with studies of effects of the landscape
sirrounding the stand (*context’). Theze approaches are currently converging, and the future direction of forest bird
research will be shaped by the balance between them. This balance will likely vary regionally, depending on the extent
of forest fragmentation. I argue for greater use of the apportumities offered by forestry - particularly the certification
process - to conduct large-scale ecological experiments to test ecolegical theory and models, These opportunities offer
exciting prospects for advancing our understanding of the habitat choices made by birds in the face of rapid changes.
Omithologists must recognise that the fisture of forest birds lies not in cur hands, but in the hands of the foresters who
manage the birds™ habitat, We need to develop collaborative research and conservation programs with foresters if we
are to improve the congervation prospects for forest birds, One realistic target to strive for is the incorporation of
habitat needs for binds into foresters” cutting plans.

Résumé

La recherche traitant les effets sur les oiseaux des caractéristiques des peuplements (contenu) est comparée aux éudes
qui ont pour sujet |'effet du paysage entourant un peuplement (contexte). Demniérement, ces approches convergent et la
direction future des recherches portant sur les ciseaux forestiezs sera crientée par U'équilibre entre celles-ci, Cet
équilibre nisque de vaner selom les régions, dépendamment du degré de fragmentation des foréts. Je propose ume
utilisation plus extensive des opportunités présentées par la forestenc, pariculidfrement au niveas du processus de
certification, afin d'entreprendre des recherches écologiques & grande échelle pour tester des modéles écologiques.
Celles-ci offrent d'intéressames possibilités d'avancer notre compréhension du choix d’habitat par les oiseanx face aux
changements rapides. Les ornithologues doivent se rendre compte que 1'avenir des oiseaux forestiers n'est pas entre
leurs mains, mais plnét dans celles des forestiers qui pérent leur habitat. Mouos devons dévélopper des recherches
collabaratives et des programmes de conservation avec les forestiers 5i nous sommes pour améliorer les perspectives de
conservation des ciseaux forestiers. Un but 4 viser est |'incorporation des bescins en habitat des oiseaux 4 Uintérieor
des plans de coupe des forestiers.

AW, Diamond, Atlantic Cooperative Wildlife Ecology Research Metwork, University of Mew Brunswick, PO. Box
4511}, Fredericton, New Brunswick, Canada EIB 6E 1. {digmond(@unt. ca)
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Contrasting the content and
context of forest bird habitats
Most of the preceding papers address the influence of
habitat conrenr on forest irds: the effects of forestry
on the species and structure of vegetation in the stand
itself As outlined in the Introduction, much corment
research also addresses the influence of the confext in
which that stand is set: the characteristics of the
landscape surrounding the stand,

Most recent North American work on impacts of
habitat change on wildhfe focoses on habitat
fragmentation, the process of partitioning formerly
continuous habitat into smalier fragments {Robinson
et al. 1995, Freemark and Collins 1992; Villard et al,
1992: Faaborz ot al. 1993; Walters 1998). (Here I use
‘habitat’ to mnclude both the stand and its landscape
comext). In forest this process occurs naturally
through fire, pest outbreaks, and windfall, but the
expansion and intersification of human land use is
now the most significant cause of habitar
fragmentation (Burgess and Sharpe 1981). The
frapmentation process includes overall loss of original
habitat, reduction in area of habitat patches,
increasing area of &dge habitat, and increasing
isolation of patches, combining to reduce bialogical
diversity in the oniginzl habitat {Wilcox and Murphy
1985} chiefly through increasing rates of local
extinction combined with decreased probability of
recolonisation influenced by patch size, 1solation and
edge effects. The conceptual framnewaorks of island
biogeography {MacAsthur and Wilson 1967
Diamond and May 1981} and metapopulation
dynamics (Hanski and Gilpin 19913, which dominate
fragmentation studies, both assume thal habitat
patches arc isolated from each other by a matrix of
unsuitable habitat in which species from the original
habirar cannot persist. Forest patches in non-forested
landscapes are indeed set in a hostile matmix; but in
generally forested landscapes, patches are separated
not by ‘non-forest” but by different forest, differing in
species composition, age strucwure, and patch size,
where pakch edges become subtle (*soft’) rather than
abrupt (*hard’) (Bamford 1986, Hawrot and Niemi
1996). There is increasing Tecognition that at some
point along the gradient from non-forested to forest-
dominated landscapes, bird communily dynamics
switch fromm behaviour charactenistic of fragments
{influenced by patch-size, isolation and edpe effects)
to that charactenstic of random samples of
continwous forest (Andrén 1994}, Andrén (1994)
suggests Lhat the threshold between random-sampling
and fragmentation effects being the best predictors of
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bird and mammal population persistence, is at around
30% forest cover in the landscape. This concluzion i3
derived from mainly Ewropean work, but North
American birds may tespond differently from
European species (Newton 1993), For example, many
North American bird species show area-dependence,
whereas very few European forest birds do, probably
hecause area-dependent species have been eliminated
from European landscapes during several thousand
years 0f intensive human land-use (Newton 19953,

Most recent research on forest birds (especially
in Europe and the United States) has emphasized
these landscape influences, to the neglect of effects at
the stand level, and one challenge for the next phase
of rescarch will be to achieve an appropmate balance
between these two approaches, This balance will
differ between one ecological region and another. [n
southern Ontario and Quebee, for example, where
mest forest exists as remnants in a hostile matrix of
agriculture or urban settlements, the landscape
context 15 likely 1o dorminate over the content of the
site. In much of the boreal forest, whers commercial
harvesting is just beginning (2.g., northern Alberta) or
of relatively recent origin, much of the landscape
retnains covered in forest, and sland content s likely
to affect habitat quality more than the landscape
context {see Drolet et al, 1999 for a recent discussion
of the reasons for this). This probably also applies o
Acadian forest in the Mantime Provinces, where
forest still covers 80% or more of the landscape even
though commercial forcsiry has operated tor sver 200
years in many places,

Andrén’s (1994) figure of 34 forest cover as a
threshold provides a useful rule-of-thumb to guide
research in different landscapes. However, we do not
know how well this figure might apply to landscapes
where the mairix surrounding forest patches is
forested rather than unlorested; this question must
surely be addressed urgently as large areas of boreal
forest in Canada are transformed by industrial
forestry. Comparison of population trends in
continuous versus fragmented boreal forest has
already provided surprising resalts {Kirk et al. 1997).

Bird/habitat associations

We are still largely ignoranmt of many of the
associations  betwoen  individual  species  and
characteristics of the forest. Emkine’s {1977 ) ground-
breaking work documented many such associations
but without providing quantitative relationships
between végetation features and bird densitizs, Kirk et
al. (1926} used modern multivariate statistics to

Rivtogy and Conservation of Forest Birds



Concluding remarks: conleni versus context

identify broad bird communities in western boreal
forest, but this has still not been done elsewhere in the
country. Hutte (1998) described a repional approach
to documenting patterns of relative abundance among
bird species in relation to forest cover types, and
emphasized that we still do not know many of the
basic species/habitat associations {even if we think we
do). A more quantitative approach, particularty on a
smaller geographic scale, is suppested by Boyce and
McDonald (199%) who describe *Resource Selection
Functions’ that essentially quantify the swrength of
habitat use versus availability ratios. These might be
especially powerful in comparing habitat use by birds
presented with different choices of available habitat,
and allow us 1o better understand the continuing
problem of 'selection’ versus “prefersnce’ shown by
birds in different hahitat contexts,

The study of forest birds — as distinct from that
of birds in other habitats — oifers uenique
opportunities for researchers to develop a stronger
theoretical basis. We are gathering a good deal of
high-quality data on bird populations and their
habitat, but generally we are using this to assess
impacts of forestry on birds rather tham to test
ecological theory. Ome of the most exciting cecent
developments in  behavioural ecology is the
applicatien of ‘individugl-bazed® models (ie.,
approaches based on the behaviour of individuals,
rather than populations), to classical questions of
habitat use, which we have traditionally addressed
from a population perspective. Sutherland (1996)
gives & number of examples that suggest that the real
advances in understanding habitat use by birds, and
the impacts of changes in habitat upon them, may
come from the creative testing of realistic madels in
the field.

Forestry as habitat experiments

Forestry offers us a potential experimental system in
which foresters can manipulate habitat in ways which
would tesl entical theories. By so doing we could
simultanecusly advance not only the prespects of
impreving habitat conditions for the birds in which we
are interested, but alse the broader scientific Field
{habitat ecology) which currently lacks a sound
theoretical and empirical basis,

As onc cxample, most researchers have accepted
that ‘density 15 a misleading indicator of habitat
guality’ {van Home 13%3), to the extent that the
monitoring  of survival and  productivity s
inereasingly being incorporated into project designs;
yet this conclusion is likely to apply in particular
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situations, notably temporal unpredictability of
resources, seasonal habitat differences, and paichiness
of habitat. [n more temporally predictable and
spatizlly uniform situations we might expect birds to
weeupy habitat 1 patterns closer to the ‘ideal free”
distribution described by Fretwell and Lucas (1970);
in such cases density is more likely to veflect habitat
suitability. It would be very useful to know this,
because we could then menitor density alome, and
restrict the much more expensive and difficult task of
monitoring demographic parameters to habitat
sifuations where they are likely to be critical to
interpreting popuiation changes.

Are there situations in Canadian forests where
bird population density can confidently be used to
assess habitat quality? Droes the increasing patchiness
of forest habitats shift birds from an ideal free to a
‘soutce-sink” disttibution? If so, what are the
thregholds for species of concern? Can they adapt to
these changes, or is a species confined for eternity in
its hereditary demographic straifjacket® Work by
Kemdeur (1992, 1997), for example, suggests that
somgbird demography may be much more plastic than
we think. These questions are all impertant for
ensuring the future of forest birds in Canada and
cbtaining clear answers will also contribute
significantly to advancing ecological theory. Forest
companies are often quite willing to amend cutring
plans in order to provide expermental opportunities
for biologists to test their theories, znd some
biologists are already exploiting these opportunities
(Schmiegelow et al, (1997,

The business enviconment for industrial forestry
i3 changing rapidly, as consumers {especially in
Europe) bzgin to bring pressure on timber suppliers ro
show that they are managing their forests sustainably,
for both commedity and non-commodity values.
Recent developments in the field of forest
certification (Coté 1999) provide an opportunity to
ensure that the provision of adequate habitat for birds
{as components of biodiversity} becomes a goal of
managemenl, mather than a constraint on timber
supply as it has iraditionally been regarded by
foresters. Biologists need to seize on  these
opportunities to apply the best possible science to
these critical issues and provide foresters with the
information they need to manage their forests in ways
that will sustain biodiversity (including bird
populations).

The reality is that omithologists (including
professionzl wildlife managers) have very littie direct
influence on populations of forest birds. 1f we are
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correct in believing that bird populations depend on
habitat, then their future depends on thoss who
control the habitat, Currently this means professional
foresters, because our nation in its wisdom has
delegated authority over forest lands ko provincial
governments who pass it on (for the most part) to
forestry companies. [ncreasing collaborative rescarch,
and conservation planning, between ormuthologists
and foresters is essential for the future of forest birds
in Canada. Only when birds’ habitat needs are fully
incotporated into foresters’ annual cuthing plans, will
we have made measurable progress towards
improving the constrvation prospects for Canadian
forest birds.
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