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age and begin to fall due to disease and old age, the corresponding openings in the 

canopy release those understory trees, allowing them to overtop the remaining 

hardwoods and eventually become dominant (Franklin and Pechanec 1967; Houle 

1996; Newton et al. 1967). I expect that Forest Park, if undisturbed, will circumvent 

much of the Douglas-fir stage, and instead succeed directly to a climax forest 

dominated by shade-tolerant species such as western hemlock and western red cedar. 

These two trees are present in the understory at many sites. However, sites that are 

dominated by extensive stands of pure hardwoods may lack appropriate sources of 

shade-tolerant seeds, and may need to have young trees planted since the Forest Park 

master plan advocates for the eventual successional culmination to a mature or old

growth coniferous forest (Portland Parks and Recreation 1995). 

To determine the date of the last major disturbance at each site (i.e., fire or logging), 

I assumed that the date of such a disturbance corresponded to the average age of 

shade-intolerant trees on the site. The old-growth stand showed evidence of fire (a 

major disturbance). Assuming that the bigleaf maples at this site began their growth 

after that event and since the mean age of the bigleaf maples was 62 years, I 

estimated that a fire had swept through the old-growth in the early 1930s even though 

the largest Douglas-firs at the site were estimated to be approximately 425 years old. 

My data revealed that study sites in Forest Park were younger than the old-growth 

stand with no site having any trees approaching the size and/or estimated age of the 

large Douglas-firs in the old-growth stand. Most sites in Forest Park appeared to 

have experienced the last major disturbance (logging and/or fire) between 38 and 57 

years ago. Sites in the city section experienced their last major disturbance on 
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average about 52 years ago. The tree ages support the hypothesis that the city section 

is in an older successional stage than is the far section of the park since the far section 

averaged only 44 years since the last major disturbance. Trees at sites in the city 

section were significantly older than trees at sites in either the middle or far sections 

of Forest Park. A map at Portland Parks and Recreation showed that the far section 

had more areas of recent logging and/or flre than the city section. The average age of 

trees at sites in the middle section (39 years) coincided with the date of the big fire of 

1951. although sites 18 and 32lay outside of the boundary of that flre and had older 

trees. Another piece of evidence regarding the disturbance history of the middle 

section of the park was imparted by bigleaf maple. Bigleaf maple frequently 

responds to flre or cutting by suckering (sending up shoots from the existing roots). 

Often. more than one shoot sprouts from the existing root. frequently leading to trees 

with multiple trunks. ANOV A demonstrates there are significantly more bigleaf 

maples with multiple trunks in the middle section (Figure 6-4). This. along with a 

greater abundance of red alders. suggests that the middle section has experienced a 

major disturbance. 

Most likely. the successional status at each site (Table 6-9) is related to the past land 

use history of Forest Park. However. when the successional status at each site is 

compared to the relative ages of the dominant trees in each section. the city section 

appears to be at an earlier successional stage than would be expected based on the 

length of time since the last major disturbance. If suppression of shade-tolerant 

saplings had occurred at more urban sites. sites in the city section would have less 

understory development. The lack of understory development would make it 

difficult to ascertain the relative time since the last major disturbance for sites in that 
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Figure 6-4. The mean number of multi-trunk bigleaf maples in the different sections 

of Forest Park and the old-growth stand. 
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section of the park from stand structure alone. In a closed canopy forest, most 

seedlings and saplings should be shade-tolerant species. If suppression of small 

trees occurred for several decades, the population age curve could become skewed. 

A reduction in the establishment of shade-tolerant trees in urban areas of the forest 

would disrupt normal successional processes of stand re-initiation at more urban 

sites. Such a mechanism would explain how the city section could be older than the 

far section of Forest Park, even though there was a paucity of shade-tolerant trees in 

more urban areas. The scarcity of shade-tolerant trees in the forest understory poses 

questions as to the future of much of Forest Park as the shade-intolerant species 

reach the end of their normal life spans and die. Many of the red alders in the park 

are approaching that age now and many have rotten cores that may contribute to their 

demise in future wind and ice storms. The death of such trees opens the canopy and 

normally allows release of shade-tolerant understory trees. Sites without an 

understory of shade-tolerant species may remain dominated by hardwood species, or 

perhaps they will shift to a Douglas-fir forest if the appropriate seed source is 

available. 

The mortality of trees is another major component of succession in the forest. Tree 

mortality was greater at sites further from Portland and increased with distance from 

the city for western hemlock, western red cedar, conifers, and shade-tolerant species. 

In addition, increased numbers of dead western hemlocks and dead conifers were 

associated with forest interior habitat The likeliest explanation for this increased 

mortality is self-thinning or stem exclusion. As overstory trees become more 

dominant during succession and eventually reach the closed canopy stage, their 

canopies become denser, leading to the suppression and frequently the mortality of 
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understory trees, especially those of shade-intolerant species (Franklin and Dyrness 

1988). This argument is supported by the fact that most dead trees in Forest Park are 

shade-intolerant species. Only in the old-growth stand did I find more dead trees of 

shade-tolerant species. The death of trees in 1996 is positively correlated to the 

density of trees in that same year by a second order polynomial regression (Figure 6-

5). The normal successional processes of self-thinning appear to be overriding any 

effects of urbanization as a factor in tree mortality in the park. As self-thinning 

occurs understory trees are released from suppression and can grow to ovenop the 

present canopy of shade-intolerant tree species such as red alder and bigleaf maple. 

The far section, with more shade-tolerant saplings in the understory, appears to be on 

a normal successional pathway. 

The only measures of tree vigor (examined as increment growth rate) that were 

associated with urbanization (as measured by the distance from downtown Portland) 

were the increment growth rates of western red cedars 10-20 years ago and western 

hemlocks 20 to 30 years ago. The increment growth rate for western red cedar and 

western hemlock during these time periods was lower at sites nearer the city. The 

finding of depressed growth in western red cedar 10-20 years ago and western 

hemlock 20 to 30 years ago at more urban sites may be an indication of the effects of 

urbanization upon tree growth and health. However, more data are needed to 

substantiate this finding before such conclusions can be reached since depressed 

growth rate could also be the result of earlier canopy closure in the "older" city 

section of the park. 
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Figure 6-5. Graph of tree mortality (number of dead trees in 1996) versus the total 
number of trees at sites in 1996. The second order polynomial regression formula 
was y = 1.28 x + 0.10 x + 0.004 x2; R2 = 0.75; p<O.OOOl. 
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The growth rate time series (Figure 6-2, page 96) was indicative of the fact that 

increment growth rates had been greatest about 40 to 50 years ago, probably due to 

the release of trees after fire and/or logging. For all sections of Forest Park, the rate 

has declined each subsequent decade as the canopy has closed. Only the old-growth 

stand remained more or less consistent (and low) over the years. Since large 

Douglas-fir trees are less susceptible to fire than are many other species, and since 

these trees dominate the canopy in the old-growth stand, it is likely that the old 

growth did not experience substantial canopy opening after the fire. 

The other indicator of vigor that I calculated was the live crown ratio. The live crown 

for upper canopy trees was reduced at sites nearer to Portland. This may be another 

indication that trees at sites closer to downtown Portland have lower vigor than trees 

at more rural sites. The decreased live crown ratio may be due to canopy closure at 

the "older", more urban sites as a normal consequence of succession. However, the 

reduced live crown ratios and the reduced increment growth rates at more urban sites 

may also be the result of some factor of urbanization. Pollution, especially by heavy 

metals associated with automobile exhaust, has been demonstrated to result in 

reductions of tree health (Airola and Buchholz 1984; Ashby and Fritts 1972; 

McLaughlin et al. 1983; Nash et al. 1975; Pouyat et al. 1994; Pouyat et al. 1995a, 

1995b; Supuka 1994; Thompson 1981; White and McDonnell 1988; Yost et al. 

1991). My rmdings could be an indication of the effects of pollution on tree health in 

the more urban areas of Portland that could possibly cause reductions in increment 

growth and live crown canopy. Such effects could also account for the suppression 
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of tree recruitment in the city section of the park. However, research on this specific 

topic would be needed to determine whether such an effect exists. 
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CHAPTER? 

THE EFFECTS OF HUMAN DISTURBANCE AND URBANIZATION UPON 

THE RICHNESS, ABUNDANCE, AND SPECIES DNERSITY OF BIRDS 

Extensive research has been published on the effects of human disturbance upon bird 

communities. Much of the interest, which began in the 1970's, grew out of concern 

for the seeming decline of certain neotropicai migratory bird species throughout the 

eastern and midwestern regions of the United States (Askins and Philbrick 1987; 

Galli et al. 1976; Terborgh 1989; Whitcomb et al. 1981; Wilcove 1985). This 

concern led to research into the reasons for the decline (Aldrich and Coffin 1980; 

Askins 1994; Askins 1995; Askins and Philbrick 1987; Beissinger and Osborne 

1984; Blake et al. 1994; Blake and Karr 1987; Bollinger and Linder 1994; Brown 

and Robinson 1996; Donovan et al. 1995a, 1995b; Edgar and Kershaw 1994; 

Friesen et al. 1995; Graber and Graber 1983; Hagan et al. 1996; Herkert 1995; 

Kroodsma 1984; Lent and Capen 1995; Levenson 1981; Lynch and Whigham 1984; 

Martinet al. 1996; Mauer and Heywood 1993; Mcintyre 1995; Peterjohn and Sauer 

1994; Rappole and McDonald 1994; Rich et aL 1994; Robinson and Holmes 1984; 

Robinson et aL 1995; Stouffer and Bierregaard 1995; Taper et aL 1995; Temple 

1986; Temple and Wilcox 1986; Terborgh 1980; Terborgh 1989; Terborgh 1992; 

Verner 1986; Wilcove 1985; Yahner and Mahan 1996). Much of the research has 

centered on the effects of habitat fragmentation on bird species richness, abundance, 

and diversity. The research has focused attention on several factors that are believed 

to have played a role in the decline of migratory songbirds. 
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Many scientists have sought to determine whether the theory of island biogeography 

explains observed reductions in avian species diversity in forest remnants. 

According to this theory, larger islands will support more species at equilibrium than 

similarly situated smaller islands, and islands closer to the mainland should support 

more species than similarly sized islands further from the mainland (MacArthur 1972; 

MacArthur and Wilson 1967). Even though forest remnants are often referred to as 

"islands", the theory of island biogeography has proved inadequate to explain many 

of the observed changes. In part, this is believed to be because the matrix separating 

the "islands" is, unlike water, capable of supporting terrestrial life. Most researchers 

have found greater diversity in larger forests (Askins 1994, 1995; Blake 1983; Blake 

and Karr 1987; DeGraaf 1991, 1995; Donovan et al. 1995b; Gavareski 1976; 

Hoover et aL 1995; Lent and Capen 1995; Lynch and \Vhigham 1984; Mcintyre 

1995; McLellan et al. 1986; Robinson et al. 1995; Rosenberg and Raphael 1986; 

Temple 1986; Tilghman 1987; Verner 1986; Wiens 1994; Wilcove 1985), although 

neither area (size) nor distance from the nearest large forest ("the mainland") have 

been shown adequately to predict the number of species a forest of a given size can 

support (Blake 1983; Blake and Karr 1987; Blondel 1985; Davis and Glick 1978; 

Dzwonko and Laster 1988, 1989; Gavareski 1979; Haila 1986; Levenson 1981; 

Lovejoy and Oren 1981; McLellan et al. 1986; Rowntree 1986; Tilghman 1987; 

Tramer and Subrweir 1975; Weaver and Kellman 1981; Whitcomb et al. 1981; 

Zacharias and Brandes 1990). There does, however, seem to be a minimum critical 

size that a forest remnant must be in order to support a near normal avian biodiversity 

(Blake 1983; Dzwonko and Laster 1989; Gotfryd and Hansell 1986; Johnson et al. 

1981; Ranney et al. 1981; Rosenberg and Raphael 1986; Temple 1986; Tilghman 
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1987; Whitcomb et al. 1981). For example, a Douglas-fir forest of approximately 

square or circular shape should be a minimum of 64 hectares (Chen et al. 1995; 

Franklin and Forman 1987). But as described earlier, the minimum area is as much a 

function of shape as it is of size. Forests with small area to edge ratios function as 

edge communities (Blake 1983; Gotfryd and Hansell 1986; Harris 1984; Johnson et 

al. 1981; Ranney et al. 1981; Rosenberg and Raphael1986; Temple 1986; Tilghman 

1987; Whitcomb et al. 1981). As forest land continues to be cleared, the effects of 

habitat fragmentation and the increasing amounts of edge habitat are believed to affect 

adversely many species of birds through a variety of mechanisms. 

One consequence of forest fragmentation is increased predation on nests, particularly 

those of ground nesting birds. Many predators, such as raccoons, opossums, 

crows, and jays, are edge associated species. Most of these species are present in 

higher densities in smaller forest fragments and have been shown to significantly 

decrease ground nesting success (Angelstam and Andren 1988; Askins 1994; Askins 

1995; Blake 1983; Bollinger and Linder 1994; Brown and Robinson 1996; Craig 

1997; DeGraaf 1995; Diehl1986; Donovan et al. 1995a; Hagan et al. 1996; Hoover 

et al. 1995; Lehmkuhl and Ruggiero 1991; Leimgruber et al. 1994; Linder and 

Bollinger 1995; Martin and Clobert 1996; Martinet al. 1996; McLellan et al. 1986; 

Rich et al. 1994; Robinson et al. 1995; Rosenberg et al. 1987; Terborgh 1989; 

Whitcomb et al. 1981; Wiens 1994; Wilcove 1985; Yahner and Mahan 1996). 

Wilcove (1985) demonstrated experimentally that in small forest fragments (less than 

10 hectares), predation rates on ground nesting birds could reach 100 percent. 
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Another major consequence of forest fragmentation is increased rates of brood 

parasitism by brown-headed cowbirds. Brown-headed cowbirds lay their eggs in the 

nests of other bird species to the detriment of the host species' young. Although the 

range of the brown-headed cowbird was once limited to the Great Plains, it has 

expanded dramatically throughout the last century to its present range covering most 

of North America, an expansion that followed the advancement of European 

settlement. It has been reported that brown-headed cowbirds have successfully 

parasitized 144 species of birds and have been observed to lay eggs in over 200 

different species' nests (Ehrlich et al. 1988; Robbins et al. 1983; Terborgh 1989). 

Female brown-headed cowbirds lay their eggs in the nests of forest species, but 

forage in open areas such as roadside strips, yards, pastures, and grassy corridors 

and so need access to forest edge. As forest area decreases, the ability of brown

headed cowbirds to invade and parasitize nests increases. They are nearly ubiquitous 

in forested areas of all sizes except for very large expanses of contiguous forest 

(Askins 1995; Brittingham and Temple 1983; Coker and Capen 1995; Terborgh 

1989; Wilcove 1985). Research in many areas of the country has demonstrated that 

brown-headed cowbirds are more numerous in smaller fragments where they 

significantly reduce the breeding success of native birds (Askins 1995; Bollinger and 

Linder 1994; Brown and Robinson 1996; Coker and Capen 1995; Ehrlich et al. 

1988; Gustafson and Crow 1994; Hoover et al. 1995; Linder and Bollinger 1995; 

Rich et al. 1994; Robinson et al. 1995; Terborgh 1989; Wilcove 1985). They have 

already been implicated in the near-extinction of bird species such as Kirtland's 

warbler (Mayfield 1977) and the least Bell's vireo (Goldwasser et al. 1980), and are 

expected to impact seriously many other woodland species (Askins 1995; Bollinger 

and Linder 1994; Brown and Robinson 1996; Coker and Capen 1995; Ehrlich et al. 
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1988; Gustafson and Crow 1994; Hoover et al. 1995; Linder and Bollinger 1995; 

Rich et al. 1994; Robinson et al. 1995; Terborgh 1989; Wilcove 1985). 

Not only has habitat fragmentation of forests in North America been blamed for bird 

species reductions, but loss and fragmentation of habitat in neotropical regions has 

also been implicated in the decline of certain bird species. As neotropicalland is 

cleared of native vegetation, neotropical migratory species of birds lose wintering 

habitaL Loss of wintering habitat may cause reductions in bird species population 

numbers (Conway et al. 1995; Hutto 1980; Karr and Roth 1971; Mauer and 

Heywood 1993; Rappole and McDonald 1994; Terborgh 1980; Terborgh 1989; 

Wilcove 1985; Willson et al. 1994). It is widely believed that loss of winter habitat 

is the major cause of the probable extinction of Bachman's warbler, a neotropical 

migrant that over-wintered primarily in forests in Cuba before they were cleared for 

sugar plantations (Terborgh 1989). Further evidence supporting tropical 

deforestation as being important is that many neotropical migratory birds are 

experiencing population declines, whereas populations of many permanent resident 

species and short-distance migra.rlt species are remaining stable or even increasing 

(Conway et al. 1995; Karr and Roth 1971; Terborgh 1989; Wilcove 1985; Willson et 

al. 1994). 

Whereas global land use patterns are cited as a probable cause for the decline of many 

species, increased local disturbances. many of which are amplified by the process of 

urbanization. are also believed to have an impact upon bird abundance (density). bird 

species richness (the number of species). and bird species diversity (H'). Bird 

abundance has been reported to increase with disturbance (Askins and Philbrick 
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1987; Davis and Glick 1978; DeGraaf 1991; Lehmkuhl et al. 1991; Mills et al. 1989, 

1991; Rosenberg et al. 1987). Bird species diversity (BSD) has been found either to 

increase with disturbance (Aldrich and Cofrm 1980; Blake 1983; Huff and Raley 

1991; Lehmkuhl et al. 1991), or decrease (Davis and Glick 1978; Edgar and 

Kershaw 1994; Gavareski 1979; Lancaster and Rees 1979; Mcintyre 1995; Mills et 

al. 1989; Tilghman 1987). The intermediate disturbance hypothesis may explain 

these rmdings as the highest diversity is often reached at intermediate levels of 

disturbance or development (Blair 1996; Lent and Capen 1995). In a similar fashion, 

bird species richness has been reported either to increase (Gotfryd and Hansell1986; 

Lehmkuhl et al. 1991; Tilghman, 1987) or decrease (Beissinger and Osborne 1984; 

Blake 1983; Davis and Glick 1978; DeGraaf 1991; Fugate 1994; Johnson et al. 1981; 

Levenson 1981; Rowntree 1986; Stouffer and Bierregaard 1995; Verner 1986; 

Wentworth and Telfer 1993) with disturbance. The changes in abundance, BSD, 

and richness are often attributed to an influx of "edge" and non-native species 

(Aldrich and Coftm 1980; Askins and Philbrick 1987; Beissinger and Osborne 1984; 

Blair 1996; Davis and Glick 1978; DeGraaf and Wentworth 1986; Gavareski 1976; 

Harris 1984; Kroodsma 1984; Lancaster and Rees 1979; Lehmkuhl and Ruggiero 

1991; Lent and Capen 1995; Mcintyre 1995; McLellan et al. 1986; Mills et al. 

1989.1991; Rich et al. 1994; Rosenberg and Raphael 1986; Rosenberg et al. 1987; 

Terborgh 1989; Whitcomb et al. 1981; Wilcove 1985), often with a concomitant loss 

of forest species (Aldrich and Coffin 1980; Askins 1995; Askins and Philbrick 1987; 

Blair 1996; Blake et al. 1994; Bollinger and Linder 1994; Donovan et al. 1995a; 

Hoover et al. 1995; Keller and Anderson 1992; Kroodsma 1984; Lehmkuhl and 

Ruggiero 1991; Lent and Capen 1995; Mcintyre 1995; McLellan et al. 1986; 


