


THES;S

Lot

7ol

This is to certify that the

dissertation entitled

An Ecosystem Approach to Assessing the Effects
of Forest Heterogeneity and Disturbance on Birds
of the Northern Hardwood Forest in Michigan's
Upper Peninsula.

presented by

Maya A. Hamady

has been accepted towards fulfillment
of the requirements for

Ph.D degree in Wildlife Biology

SFE R DTl

Major professor

2110]00

\Jl 4 A

MSU is an Affirmative Action/Equal Opportunity Institution o-12T"




LIBRARY

Michigan State

University

PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

P DATE DUE

DATE DUE

DATE DUE

< .
JUN ¥8 2002

1100 c/CIRC/DateDue.p8s-p.14




ANVECOSY'S
HETEROGE
HAR



AN ECOSYSTEM APPROACH TO ASSESSING THE EFFECTS OF FOREST
HETEROGENEITY AND DISTURBANCE ON BIRDS OF THE NORTHERN
HARDWOOD FOREST IN MICHIGAN’S UPPER PENINSULA
By

Maya A. Hamady

A DISSERTATION
Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of
DOCTOR OF PHILOSOPHY
Department of Fisheries and Wildlife

2000



ABSTRACT
AN ECOSYSTEM APPROACH TO ASSESSING THE EFFECTS OF FOREST
HETEROGENEITY AND DISTURBANCE ON BIRDS OF THE NORTHERN
HARDWOOD FOREST IN MICHIGAN’S UPPER PENINSULA
By

Maya A. Hamady

Forested regions such as the Upper Peninsula of Michigan, are considered
population sources for area sensitive forest birds which have disappeared from many
human-dominated landscapes because of forest loss and fragmentation. Northern
hardwood forest landscapes in the Upper Peninsula have been affected by past human
activities and continue to be periodically logged. The possibility that anthropogenic
activities would over time favor bird species that are tolerant of some levels of forest
fragmentation, at the expense of area sensitive species, needs to be evaluated. I developed
an ecosystem model for northern hardwood forest landscapes and explored relationships
among bird species, and among bird densities, microhabitat variables and landscape level
variables to identify criteria necessary to make such an evaluation.

I modeled heterogeneity of the northern hardwood forest at the landscape level in
terms of historical change in land use and land type association. I considered period
elapsed after last logging to affect vegetation structure at the locality of the bird census
station. Habitat relationships among 10 bird species were derived from individual bird
species associations with microhabitat variables. A forest fragmentation dimension was
evident in habitat relationships among 3 shrub nesting bird species, black-throated blue

warbler (Dendroica cerulescens), American redstart (Setophaga ruticilla) and chestnut-
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sided warbler (Dendroica pensylvanica). Forest fragmentation aspects however could not
explain density disparities between the 2 conifer associated bird species, blackburnian
warbler (Dendroica fusca) and black-throated green warbler (Dendroica virens).
Historical change in land use affected the density of late maturity conifers and forest loss
at landscape levels. Logging affected canopy cover and shrub layer development, effects
that were local and highly dynamic. Logging was responsible for increased densities of all
birds that nest in the shrub-sapling layer in managed forest landscapes but was also
associated in some landscapes with a relative greater increase of edge tolerant bird species.
Restratification of sampling units based on levels of forest cover within a radius of 1.6 km,
length of forest edge within a radius of S00m from bird census station, shrub layer
development and canopy opening elucidated what constitutes forest fragmentation effects
in the northern hardwood ecosystem. This restratification permitted the quantification of
conditions that were differently favorable to 2 edge species and one area sensitive species.
The northern hardwood forest is a complex system that is both spatially heterogeneous
and dynamic at different scales. Multiple factors modify or aggravate the effects of

human activities on bird species that in turn respond differently to different dynamics in the
system. Simple assessments of the effects of anthropogenic activities on bird species are
inadequate for evaluating the long term maintenance of area sensitive species in the
System. The inadequacies of treating the northern hardwood forest as a homogeneous
System at equilibrium, and of disregarding differences among forest bird species, relative
to their differential sensitivity to forest fragmentation, in current assessments of human

activity effects are discussed.
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CHAPTER 1

INTRODUCTION

ISSUES IN THE CONSERVATION OF FOREST BIRD SPECIES
1. A Need for a Holistic Approach.

As the number of imperiled species continues to spiral upward (LoveJoy 1979,
Wilson 1988,1992; Collar and Andrew 1988 cited in Marcot and Murphy 1996, Ehrlich
and Erlich 1981, Ehrlich and Wilson 1991, Soulé 1991, Gentry 1996), skepticism is
growing about the effectiveness of managing biological diversity on a species by species
basis (Hutto et al. 1987, Franklin 1993, Laroe 1993). The futility of saving species after
the processes that sustain them have disintegrated also points to the need for more
efficient conservation strategies. New efforts in species conservation consider
structures, processes and functions existing in the natural world to be fundamental to the
persistence of species diversity and to its evolution (Allen and Starr 1982; Mooney and
Godron 1983; Delcourt et al. 1983; Wiens et al. 1986a, 1986b; Grumbine 1990,1994;
Wilson 1992; Scott et al. 1993; Franklin 1993). In the holistic and ecosystem
approaches that are being proposed (Risser 1985, Agee and Johnson 1988, Grumbine
1990, Pickett et al. 1992, Franklin 1993, Laroe 1993, Crow et al. 1994), there is strong
recognition that individual species cannot be separated from their system, because
complex relationships link species together and because species respond to the dynamics

of the systems that encompass them. In a holistic approach, the appropriate questions
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that need to be asked and the phenomena that need to be explained for the conservation
of species are relative to the behavior of the whole system (Allen and Star 1982, Naveh
and Lieberman 1994).

The concept of an ecosystem as a combination of the whole organism-complex
and the whole physical-complex forming the environment was first described by Tansley
(1935). Tansley considered natural systems to be organized in a hierarchy; smaller
ecosystems embedded in larger ones, overlapping and interacting with one another. A
holistic approach likewise views the ecosystem as progressively subdividable into smaller
units. Interacting units at fine temporal and spatial scales produce patterns that are
recognizable at higher levels. Patterns and processes at higher levels in turn affect all
lower units.

The conservation of species through ecosystem approaches is becoming feasible
because recent advances in landscape ecology have provided a basis for establishing
relationships between the ecology of organisms and patterns of patchiness in
environmental conditions (Freemark et al. 1992). Landscape ecology as a discipline has
emerged from 2 different perspectives. One aspect of the discipline has focused on the
study of land heterogeneity and the underlying structures and dynamics that cause it
(Weinstein and Shugart 1983, Milne 1991). This facet of landscape ecology is based on
the physical factors (e.g.climate, geomorphology ) that operate at different scales.
Vegetation patterns that develop under natural disturbance processes reflect the patterns
of these hierarchical physical factors. This aspect of landscape ecology has provided the
basis for ecological land classification schemes (Barnes et al. 1982). An ecological land

classification stratifies a geographical area into a hierarchy of land units that comprises
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the spatial scales at which major environmental physical factors affect patterns of
patchiness in vegetation (Bailey et al. 1978, Bailey 1985, Pregitzer 1981, Bamnes et al.
1982).

Another more recent aspect of landscape ecology, which is still emerging, seeks
to relate population dynamics (e.g. productivity and dispersal) to spatial patterns of land
heterogeneity (Forman and Godron 1986, Dunning et al. 1992). The theoretical basis for
ecological relationships between the biology of organisms and landscape patterns can
have an evolutionary aspect (Wiens 1976, Riddle and Jones 1996). Life history
characteristics of species such as habitat selection, generation time, life span and ability
to disperse are adaptations to predictable disturbance events that generate patchiness in
time and space (Wiens 1976, Hansen and Urban 1992, Samson 1992). Because they are
likely to reflect evolutionary adaptations, relationships between population processes and

spatial patterns of patchiness are a potential basis for species conservation (Pickett et al.

1992, Harper 1992).

2. Neotropical Birds in the Northern Hardwood Forest.
Multi-scale patchiness of the vegetation is highly evident in the Upper Great
Lakes Region. The transition between the boreal forest to the north and the deciduous
forest biome to the south creates a pattern of large scale patchiness that is associated
with high bird species richness (Temple et al. 1979, Pastor and Brochart 1990). The
northern hardwood forest is a major component of the vegetation cover. Within it, a
finer scale of patchiness is evident as a mosaic of many different tree species and

heterogeneous vegetation structure. This in turn is associated with ‘a within forest type’



high diversity in bird species (Noon et al. 1979). The large scale patchiness is a long-
lasting effect of landforms left behind from retreating glacials some 10,000 years ago.
The fine scale patches within the long lived northern hardwood forest, in contrast are due
to small scale forest disturbances such as blow downs from severe storms (Frelich and
Lorimer 1991). Small scale patches also result from small scale variations is soils, local
topography and aspect that provide a diversity of local microsites for different plant
species to grow. Because processes of forest maturation and of frequent small scale
disturbance are continuous, the state of forest maturity in small scale patches is
continually shifting. Bird species must also continually track microhabitats created by
these small scale disturbances.
A large portion of the Great Lakes forest is second growth forest that was

heavily cut at the end of the 19th and early 20th centuries (Cunningham and White 1941,
Ahlgren and Ahigren 1983 ). This second growth forest is largely managed for multiple
use and is subjected to logging. The Upper Great Lakes forest however still comprises
in several locations primary forest that is continuous over several square kilometers.
Such a forest provides the opportunity to assess how multi-scaled forest patchiness
resulting from differences in environmental conditions and from forest management
induced disturbances affect the relative densities of bird species within the northern
hardwood forest ecosystem.

The majority, over 75% of songbird species at the latitude of the Great Lakes region
are neotropical migrant birds (Degraaf et al. 1992). Neotropical migrant bird species
winter in the tropics and subtropics but migrate to breed in North America (Koford et al.

1994). They make up a large proportion of the vertebrate biodiversity in many North



American ecosystems (Finch 1991; Freemark et al. 1992, 1995; Block et al. 1995). A
concern for these species in recent years stemmed from reports of declining populations
and species loss evident in some human dominated landscapes (Robbins et al. 1989a;
Askins et al. 1990). For many bird species, trends of declines and increases are not
consistent but vary by geographical region and by time period (Peterjohn et al. 1995).
Because of this variability, trends from specific localities cannot be extrapolated to the
general (James and McCulloch 1995). Reports of declines of some bird species (Holmes
and Sherry 1985, Robbins et al. 1989a, Askins et al. 1990, Hill and Hagen 1991,
Terborgh 1989, 1992) have nevertheless triggered a great concern for their welfare.
There is a general consensus that management of these species would be extremely
complex and the ecological consequences severe, if these observed declines were long
term and occurred over broad areas of species distributions’ (Senner 1988, Finch 1991,
National Fish and Wildlife Foundation 1994 ).

Limiting factors that have been outlined for neotropical migrant birds include
tropical deforestation, deterioration of habitat along migratory routes due to rapid urban
encroachment along coastlines, and habitat fragmentation. For the eastern deciduous
forest biome, declines in some bird species were blamed on forest fragmentation. Forest
fragmentation was represented by a pattern of forest patches imbedded in a nonforest
matrix in early studies that have identified it to have a detrimental effect on forest interior
bird species (Whitcomb B.F. et al. 1977, Whitcomb R F. et al. 1981, Wilcove and
Whitcomb 1983). Forest interior birds nest in the interior of forest in contrast to those
that nest along an edge between openland and forest (Koford et al. 1994). Several

independent arguments have been presented to support forest fragmentation as a limiting



factor on the breeding grounds (Wilcove 1987,1988; Finch 1991). Among these are the
high predation rates reported along forest edges (Gates and Gysel 1978; Wilcove 1985,
1987; Small and Hunter 1988; Yahner and Scott 1988) and high cowbird parasitism rates
in agricultural landscapes (Ambuel and Temple 1982, 1983; Brittingham and Temple
1983). Forest interior bird species have disappeared from parks and forest reserves in
many human-dominated landscapes (Lynch and Whitcomb 1978; Robbins 1979, 1989a;
Wilcove and Whitcomb 1983; Ambuel and Temple 1983; Blake and Karr 1984; Askins
et al. 1987; Terborgh 1989, 1992; Hill and Hagan 1991). Some forest interior bird
species that require large forest areas are considered area-sensitive species (Koford et al.
1994). Area-sensitive species such as the black-throated blue warbler and Canada
warbler (all scientific names are given in Table B1) have become restricted to large forest
tracts in largely forested regions (Robbins et al. 1989b, Binford 1991).

The immensity of the task of conserving the diversity of neotropical migrant
birds, and the huge administrative obstacles that would likely be faced, once these
species started facing perils, provided the impetus for the formation of Partners in Flight
(National Fish and Wildlife Foundation 1994, Martin and Finch 1995). Formed in 1990
to address the conservation needs of neotropical migrants, to educate and to coordinate
conservation and research efforts, the organization has grown to include many
government agencies and private organizations from the United States, Canada, Mexico
and several countries in Central America. As a result of the Partners in Flight initiative,
support for it from the U.S. Congress and public response to it, the conservation of these

species is beginning to dominate many aspects of land management on public lands,



including national parks, state parks, and federal and state forests (National Fish and
Wildlife Foundation 1993).

A hierarchical organization for addressing species conservation needs has been
proposed and followed by Partners in Flight. In this strategy, conservation issues and the
species that need prioritization are identified at the highest geographical levels, such as at
continental and national levels (Noss 1983, 1987, 1992; Probst and Crow 1991).
Because forest fragmentation has been identified as an important issue in species
conservation and has increased with increasing human domination of landscapes
(Whitney and Somerlot 1985; Wilcove 1987, 1988; Wilcox and Murphy 1985; Faaborg
et al. 1995), many conservation strategies have focused on forest interior bird species
that are area-sensitive (National Fish and Wildlife Foundation 1993).

The percent of forest cover in the Upper Peninsula of Michigan and in general in
the Upper Great Lakes today is not very different than it was prior to settlement by non-
native Americans (McCann 1991). This is in contrast to the Lower Great Lakes area
where agriculture and urbanization have resulted in forest loss and fragmentation. The
highly forested northern Great Lakes region, stands out from a regional perspective to be
most promising for the conservation of forest interior and area-sensitive bird species.

The conservation of these species has also received public attention (Probst and Crow
1991, Crow et al.1994) in forest management of this region (Northern Wisconsin and
the Upper Peninsula of Michigan).

Because of the expansive area it occupies, the northern hardwood forest is an

ecologically important forest type in the Upper Peninsula of Michigan. It is an extension

of the eastern deciduous forest (Braun 1950, Pastor and Mladenoff 1992). The northern
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hardwood forest bird communities comprise many of the same species found in the
eastern deciduous forest, including many that have been identified as area-sensitive
species such as the black-throated blue warbler, Canada warbler, and northern parula

(Robbins et al. 1989b).

3. An Ecosystem Approach to Relate Bird Species Densities to Forest Heterogeneity.
The research reported herein, was motivated by the participation of the
Hiawatha National Forest in the ‘Neotropical Migrant Bird Initiative’ set by Congress
(1992) to advance ‘neotropical migrant bird’ conservation in national forests. I focused
on the northern hardwood forest ecosystem as this is the forest type that harbors many
bird species (e.g. ovenbird, black-throated blue warbler, northern parula and red-eyed
vireo) that have been identified as forest interior and area-sensitive species (Robbins et
al. 1989b). In a region that is still largely forested, the assembly of bird species that are
forest interior and area-sensitive would be more complete. In such a system the different
forest bird species are likely to greatly overlap in their habitat selection. If there is a
gradient in the aspect of forest fragmentation, bird species that are most forest interior
specialists could become affected by competitors that are less sensitive to habitat
fragmentation at some point along that gradient. To prioritize the conservation of the
most area-sensitive bird species at the level of a national forest, it is important to identify
what factors contribute to fragmentation effects. It is important to test whether variables
such as canopy opening, amount of forest edge and forest cover (i.e., variables that
could be related to a forest fragmentation dimension) affect density differences between

highly area-sensitive and the less area-sensitive bird species. The heterogeneity of the
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northern hardwood forest would need to be assessed relative to these environmental
factors that create these differences. In this undertaking two related hypotheses were
made: the densities of forest bird species, and the relationship among forest interior and
edge bird species differed along the range of heterogeneity encountered at the scale of a
national forest.

A conceptual model was necessary to represent the hierarchy of strata into which
the total heterogeneity of the northern hardwood forest would be divided. The model
also serves to frame hypotheses about the importance of different factors on forest bird
species in testable formats. A theoretical basis however was needed to give biological
justification to the structure of the conceptual model. The ecologies of forest interior
bird species are related to processes of small scale disturbance and succession in the
northern hardwood forest. The pattern of small scale forest processes could be affected
by many factors including geographical location and forest management. An emerging
paradigm in ecology (Pickett et al. 1992) that considers disturbance to be an organizing
force in natural communities was considered. This paradigm justified considering
physical features of local geographic areas, past disturbance history, current land use,
and disturbance caused by current management as main factors affecting variability in
vegetation structure and composition and consequential bird responses. Bird densities
are considered to reflect bird population responses to that heterogeneity. The
conceptual model of the northern hardwood forest would serve to give a structure to
that heterogeneity and to provide a vehicle to reduce that heterogeneity to spatial scales
that are pertinent to the life histories of forest bird species. The model is an exploratory

tool that would provide new perspectives for looking at relationships between habitat
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charateristics and bird species densities and at habitat relationships among species.

Newly uncovered relationships would in turn be used to refine a future model of the
northern hardwood forest ecosystem. Such a refined model could be used to more
effectively predict the effect of different management strategies in the northern hardwood
forest on forest interior bird species. Justifications for variables, factors and spatial and
temporal scales of sampling units incorporated in this initial model of the northern

hardwood forest are discussed in the Methodology Section.

OBJECTIVES

An overall objective of this study was to test whether the northern hardwood
forest varied sufficiently, along habitat variables which are related to a forest
fragmentation dimension, to affect the densities of forest bird species in general, and to
affect the relative densities of bird species that are known to be differently sensitive to
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