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Abstract

A method is described for predicting the spatial distribution of individual birds using presence data. The approach is demonstrated
using a statistical habitat association model developed for resident and migratory birds on a 12 ha plot of ponderB#asupine (
ponderosa)heavily infested with southwestern ponderosa pine dwarf mistlefsee(thobium vasinatunsubsp.Cryptopodum
(Englemann) Hawksworth and Weins). Bird locations and densiometer readings of canopy opening were recordedxénma 5 m
sampling grid. Minimum threshold theory was used to fit a logistic regression model to the presence data as a function of canopy
opening. Highest occupancy of birds occurred at 61% canopy density. Higher probability of birds occurred in more dense canopy
than less dense. Model validation indicated that the model adequately described the spatial distribution of the presence of individual
birds with respect to canopy opening. Such a model could be used to determine stand conditions that are conducive and/or necessar
for certain bird species, and to characterize and quantify the likely ecological consequences of changes to stand structure caused
by diseases and other small scale disturbande2000 Elsevier Science Ltd. All rights reserved.

Keywords:Habitat model; Point process model; Spatial patterns; Species richness; Logistic regression; Minimum threshold theory; Kriging;
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Software availability 1. Introduction
Name of software: Spat99.zip and spat99.tar are a col-
lection of Splus functions developed for analyz-  Factors associated with habitat selection of birds are
ing spatial data. not well known, but it is well documented that stand
Program Title: spat99.zip, spat99.tar structure influences the abundance and distribution of a
Developer: Dr. Robin M. Reich and Dr. Richard Davis variety of bird species (Bennetts et al., 1996; Eaton and
Contact Address: Department of Forest Science, Color-Martin, 1998; Sharpe, 1996). Diseases that Kill trees
ado State University, Fort Collins, Colorado cause canopy openings with distinctive characteristics.

80523, USA These openings are primary units of structural hetero-
E-mail: robin@cnr.colostate.edu geneity in a forest stand. Since pathogens operate at sev-
Hardware Required: IBM PC compatible, UNIX eral scales, a mosaic of habitats can develop if a forest

workstation stand is not managed for an extended period of time.
Program Language: Splus 3.3 or higher MacArthur and MacArthur (1961) suggest that “patchi-

Availability and Cost: The PC and UNIX versions are ness (is) the principle factor affecting bird species diver-
free. A manual is also available for a small fee sity.” Little is known about the spatial relationship
to cover printing costs. Contact Dr. Reich. between tree diseases and bird abundance and distri-

bution (Hart, 1995).

Most research on disease impact in the Rocky Moun-
tains has focused on losses in commercial timber pro-
duction and has usually been summarized with stand
averages. Metrics used in these studies have been mostly

* Corresponding author. adapted from timber production assessments, and almost
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always relate to reductions in volume or basal area (1997) developed a spatial habitat model specifically for
(Stark, 1987). Not all disease impacts are negative, andpresence data. Their method is based on the Mahalanobis
the relationship between lost or foregone timber volume statistic which characterizes optimal habitat as the multi-
within a stand and the quality of bird habitat is indirect, variate vector of means of habitat variables calculated
at best. Forest disturbance is a spatial phenomenon, androm the presence data. Habitat quality of a given
a measure of the juxtaposition of disturbance/recovery location is based on the distance to the multivariate mean
events is almost entirely absent from timber assessmentsmeasured by the Mahalanobis statistic. Dettmers and
Disturbance processes are probably essential for variouBart (1999) developed a procedure for using presence
bird species (Connell, 1978; Hart, 1995), but different data to construct habitat models using data available in
types of metrics are needed to make such assessmenta GIS. Optimal ranges of habitat variables were ident-
The need to answer several key questions are integralfied by maximizing the difference between the cumulat-
to efforts to conserve resident and migratory birds in the ive distribution functions of habitat variables at locations
Rocky Mountain region. What are the habitat require- in which the species was observed, and the value of habi-
ments of species sensitive to small-scale disturbances?at variables for all locations across the landscape. Using
Where does suitable habitat occur for these species, andhe optimal ranges of the habitat variables, a classi-
what is the spatial distribution of species with suitable fication tree is used to classify habitat quality as being
habitat? What are the impacts of small-scale disturb- “good” or “otherwise.”
ances on individual species? A number of studies have In this study, we present a procedure for using pres-
investigated the first of these questions and have exam-ence data to fit a logistic regression model to examine
ined the direct impact of harvesting and fragmentation the influence on canopy structure within-stand bird dis-
on bird communities (Hagan et al., 1996; Schmiegelow tribution in a ponderosa pineP{nus ponderosastand
et al.,, 1997; Eaton and Martin, 1998). However, there heavily infected with southwestern ponderosa pine dwarf
have been few attempts to use such information to makemistletoe Arceuthoblum vaginatursubsp Cryptopodum
spatial predictions of the distribution of individual birds (Englemann) Hawksworth and Weins). Bennetts et al.
to small-scale disturbances. (1996) describe a notable similar study. The specific
Statistical habitat association models are useful for objective of our study was to develop a method of quan-
assessing the relationship between small-scale disturbiifying the spatial relationship between dwarf mistletoe
ances and the abundance and diversity of individual and the spatial distribution of resident and migratory
birds (van Manen and Pelton, 1997; Ozesmi and Mitsch, birds.
1997). These models relate the probability of occurrence
of an individual species to various measures of habitat
quality and have been developed using linear regression2. Methods
(Morrison et al., 1987), logistic regression (Lindenmayer
et al., 1995; Ozesmi and Mitsch, 1997; van Manen and 2.1. Field data
Pelton, 1997), discriminant analysis (Livingston et al.,
1990), principle component analysis (Debinski and Brus-  This study was conducted at the Manitou Experi-
sard, 1994), canonical correlation analysis (Andries et mental Forest, located 26 miles northwest of Colorado
al., 1994) and classification and regression tree (CART) Springs, Colorado at an elevation of 2200 m. Our site
(O’Connor et al., 1996). was close to Bennetts et al. (1996) original site. The
These models generally require actual counts (i.e. 0,dominant vegetation is primarily mixed-age ponderosa
1, 2, ...) of how many individuals were observed at a pine with an understory of Mountain muhly
given location, along with one or more descriptions of (Muhlenbergia montanéNutt.) A. Hitchc.), Arizona fes-
habitat. It is generally assumed that the locations of all cue estuca arizonicaVasey) and true mountain
the individuals in the population are known so one can mahogany Cercocarpus montanufaf.). The major
distinguish between sites being utilized by the speciestree-killing disturbance in the area is southwestern pon-
and sites not being used. When the data is recorded aslerosa pine dwarf mistletoe. For a more detailed descrip-
0 or 1, instead of actual counts, the data is referred totion of the study site see Bennetts et al. (1996).
as presence-absence data. Many wildlife surveys, how- One 12 ha plot (600 200 m) was established on a
ever, are not based on presence-absence data. Insteall,mx5 m grid marked with numbered flagging such that
data are collected at locations at which the species wasa portion of the plot was in an undisturbed area and a
observed. Presence data are common in surveys ofortion in an area severely impacted by dwarf mistletoe.
highly mobile populations that might use a site when not At each grid coordinate, an optical densiometer was used
being observed. In such cases, it is almost impossible toto estimate percent canopy opening. For five consecutive
state that a given site is never used by a particular spec-days during late May 1997 (spring nesting period), bird
ies. surveys were made across the grid by spot mapping
Recently, Clark et al. (1993) and Knick and Dyer (Ralph et al.,, 1993). The survey was conducted by 2
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observers walking four transects parallel to the longest minimum canopy opening threshold associated with the
dimension of the plot at 50 m intervals starting 25 m presence of individual birds. Let; =1 wheneverT;, =
from the plot edge and noting what birds they saw or X, and 0 whenevell; > X;, whereX; is the level of
heard within 25 m of each side of the transect. Counts canopy opening at spatial locatign andT; is the mini-
were completed within three hours after sunrise. The mum threshold of canopy opening. For a given level of
order in which the transects were surveyed was rotatedcanopy opening, the probability of observing a bird is
daily to avoid confounding time-of-day effects among
the transects. Once a bird was sighted, the sighting dis-7i=P(Yi=1[X)=P(Ti=X)) (2)
tance and sighting angle were visually estimated and ) ) - o
used to assign the sighting to the nearest grid point. ThisWhere P(T; = X)) is the cumulative probability distri-
information was recorded on field maps of the study plot. bution of the_thresholds of all Ipcatlons in the population.
It was possible for individual birds to be observed in ~ The logistic response function was assumed to be an
one portion of the study plot, and then move elsewhere @PPropriate descriptor of the relationship between can-
within the plot and be counted a second time. This type ©PY opening and the probability that an individual bird
of movement was not considered critical since the objec- Would be observed. This decision was based on theoreti-
tive was to describe the spatial relationship between can-c@l and empirical considerations that suggest that when

opy structure and the probability of observing a bird.  the dependent variable is binary, the shape of the
response function is typically curvilinear in the form of

a tilted S, with asymptotes of 0 and 1 (Hosmer and
Lemeshow, 1989; Neter et al., 1985).

If we can assume the cumulative probability distri-
bution of thresholds is logistic:

2.2. Test for randomness of bird distribution

The first step in the analysis was to test the null
hypothesis that the spatial distribution of resident and
migratory birds is random. Using they coordinates of expBo+BiX+... +BXY)
each bird sighting, a Monte Carlo test based on the P(TSX)=1+ BXt . B
Cramer-von Mises type statistic (Cressie, 1991) exXpPotBXt. 45X

3)

o we can approximate this distribution using the logistic

k= | {R(P)"2—72h} 2dh (1) response model. The qulst!c mod_el can be transformed
to allow parameter estimation using least squares pro-

0 cedures (Neter et al., 1985):

was used to test the null hypothesis of complete spatial

randomnesscér). Specifically, the goodness-of-fit was |, T \_p o X+ ...+ BXK 4

determined by Monte Carlo simulations of a spatial Pois- = \1-7; PotBiXot-.-+hi 4)

son process. For each simulatigni =2, 3, ..., R, we

calculated the empiricaK-function K;(h), corrected for

edge effect (Cressie, 1991), and the Cramer-von Mises

statistick;. We then ranked thé’s from 1 to R. The

significance level of the goodness-of-fit is estimated to

be R +1 — r)/R, wherer is the rank ofk,. The null

2.4. Kriging canopy opening

hypothesis ofcsr was rejected if thep-value was less To validate the model it was necessary to generate a

than 0.05. continuous surface of canopy openings for the study site.
Ordinary kriging was used to spatially predict canopy

2.3. Habitat association model opening from a 5 m to 2 m resolution. This was

accomplished by first calculating the sample variogram,

The spatial relationship between canopy openings andwhich describes the spatial variability in canopy open-
the spatial distribution of resident and migratory birds ings at pairs of points separated by increasingly larger
was modeled using minimum threshold theory (Neter et distances. Weighted non-linear least squares was used to
al., 1985). Individual birds were assumed to have a thres-fit various theoretical models (i.e. Gaussian, spherical,
hold, T;, such that an increase in canopy opening would exponential, liner) to the sample variogram data as a
be considered unsuitable. Since we could observe anfunction of distance. Akaike's (1977) corrected infor-
individual bird for only a short period of time, it was mation criteria (AICC) was used to select a variogram
not possible to find the actual threshold for each bird. model that best describes the spatial continuity in canopy
We could only determine whether or not the threshold opening. The variogram model with the smallest AICC
level was above, or below a particular level of canopy was selected as the best fitting model. Using the fitted
opening. variogram model, image maps of the kriging prediction

To develop the model, we assumed there was someof canopy openings were developed.
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2.5. Simulation model and model validation were more often in gaps, and birds in the less disturbed
areas were mostly between gaps. Junco species, violet-
To test the hypothesis that the distribution of resident green swallows, and mountain chickadees were the most
and migratory birds were spatially related to canopy abundant species overall. All three of these bird species
opening, we developed a spatial model combining the occurred throughout the study area, but their numbers
logistic model with the kriged response surface of can- were greater in the disturbed areas. Five species were
opy opening. Given a set of random numbers found in the interior canopy and not in disturbed areas;
(realizations of the Uniform random variabld a stat- these included: olive-sided flycatcher, yellow-rumped
istically equivalent set of realizations of canopy opening warbler, tree swallow, Hammond'’s flycatcher, and, war-
(X) can be obtained by inverting the cumulative distri- bling vireo (Table 1). Four species occurred in disturbed
bution function P(T; = X), Eqg. (3)). This was areas of the plot, but not in undisturbed areas; these
accomplished by solving for the roots of the fitted poly- included: turkey vulture, Steller's jay, brown-headed
nomial given in Eq. (4). Using this approach we generate cowbird, and white-breasted nuthatch. No relationship
a random numberlU(0,1), which immediately deter- was found between the migratory form (permanent resi-
mines the equivalent realization of canopy openikg, dent, short distance migratory species, or neotropical
that is the mid-point of the corresponding inteneX. migratory species) and occurrence in the disturbed or
The size ofAX determines the level of precision o undisturbed portions of the ploy%-, =7.138, p-value
In our simulationsAX was set to 1%. The model then =0.129). A )
locates all possible locations on the kriged surface of The transformed K-function, ((h)={K(h)/z}?)
canopy opening such that the canopy opening is equal(Ripley, 1981) of the spatial distribution of individual
to X £ AX/2 and the bird is randomly allocated to one birds on the sample plot is given in Fig. 1, along with
of these locations. This process is repeated until the 95% simulation envelopes assumiogr. It is evident
number of individual birds counted on the study pld) (  from this figure how different the observddis from
have been allocated. In simulating the spatial pattern ofthese envelopes. This figure suggests that resident and
resident and migratory birds it was assumed there wasmigratory birds are clustered, since the empiriéal
no interspecific interactions between species. function extends above the upper simulation envelope
The goodness-of-fit of the point process model for for distances i) between 0 and 30 m. At distances
resident and migratory birds was assessed by comparingyreater than 30 m the empiric&-function fluctuates
the empirical K-function, corrected for edge effect about the upper simulation envelope. These results are
(Cressie, 1991) t&-functions from 200 realizations of  supported by the Cramer-von Mises goodness-of-fit stat-
the point process model. An empiricHunction that istic (D =105.5,p-value=0.01).
extended above or below the simulation envelopes The logistic transformation, while linearizing the
would support the hypothesis that a mechanism otherresponse function (Eq. (3)), does not eliminate the
than canopy structure were involved in the spatial distri- unequal variances of the error terms. Hence, weighted
bution of resident and migratory birds. An empirical dis- least squares was used to fit the logistic model to the
tribution within the bounds would support the hypothesis presence data (Neter et al.,, 1985) with weights,
of a spatial dependency between the location of individ- W,=n,z,(1—;). The final transformed logistic equation
ual birds and canopy distribution, for which some that minimized the AICC is a 5th degree polynomial
desired minimum threshold exists. given by:

2.6. Statistical analysis and software In(lmﬁ)zlo.254+ 1.896X—0.227X%4+0.014%3 (5)
All statistical analyses were conducted using a spatial —(Q.4x103X4+0.5x 1055 R?=0.991S,,
library developed by Reich and Davis (1998) for use
with Splus (Mathsoft, 1997). A manual describing the ~ ~0-498n=112
use of the software is available from the authors. All variables were significant at the 0.05 level. The
response function is plotted in Fig. 2. The estimated
probability density function for thresholds of canopy
3. Results opening is given in Fig. 3. This curve is approximately
normally distributed with a slight skewness to the left.
A list of bird species observed on the study plot is When comparing the right tail with the left tail of the
given in Table 1, along with their preferred habitat and curve, there is a higher probability of birds occurring in
migratory form. Disturbed and undisturbed areas had more dense canopy than more open canopy. This indi-
similar numbers of bird species and thus the bird diver- cates an increased preference for less openings in the
sity (richness) was similar, but birds were more abundant canopy than for more. The crown density associated with
on the disturbed part of the plot. Birds in disturbed areas the highest occupancy of birds was 61%.
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Table 1
List of bird species recorded during counts on the 12 ha plot in the Manitou Experimental Forest

Common name Scientific name Number sightings Forest habitktigrant forn?
Dist. Undist.
Turkey vulture Cathartes aura 2 0 w S
Hermit thrush Catharus guttatus 4 5 i s
Common flicker Colaptes auratus 2 1 ie n
Western wood-pewee Contopus sordidulus 0 3 e n
Olive-sided flycatcher Contopus borealis 0 1 e n
Stellers jay Cyanocitta stelleri 2 0 e p
Yellow-rumped warbler Dendroica coronata 0 4 ie S
Hammond’s flycatcher Empidonax hammondii 0 1 i n
Junco spp. Junco spp 12 5 ie s
Brown-headed cowbird Molothrus ater 3 0 e s
Townsend’s solitaire Myadestes townsendii 5 4 ie s
Mountain chickadee Parus gambeli 7 5 i p
Hairy woodpecker Picoides villosus 2 1 | p
Broad-tailed hummingbird Selasphorus platycercus 5 3 ge n
White-breasted nuthatch Sitta carolinensis 2 0 i p
Pygmy nuthatch Sitta pygmaea 5 2 i p
Williamson’s sapsucker Sphyrapicus thyroideus 2 1 i S
Tree Swallow Tachycineta bicolor 0 1 g s
Violet-green swallow Tachycineta thalassina 9 2 g n
American robin Turdus migratorius 3 4 e s
Warbling vireo Vireo gilvus 0 1 ie n
Solitary vireo Vireo solitarius 2 2 ie n
Mourning dove Zenaida macoura 5 3 ge s

a w = wide range, i= interior, g= gaps, and e edges (Kaufman, 1996).
b s = short distance migrant species=gpermanent resident speciessmeotropical migrant species.
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Fig. 1. Plot of transformed-function, L(h)={ K(h)/m} ¥ against dis- Fig. 2. Plot of the transformed cumulative probability distribution

tanceh, for resident and migratory birds on the 12 ha plot in the Mani- and fitted logistic response function for thresholds of canopy openings
tou Experimental Forest. The stairstep line represents the emgirical of all resident and migratory birds on the 12 ha plot in the Manitou
function calculated from the data and the continuous lines represent Experimental Forest.

the upper, average, and lower simulation envelopes for 100 realizations

of a spatial Poisson process. is 64% of the sill). As the nugget approaches the sill,

the spatial distribution of canopy openings approaches
A spherical variogram model (nugget56.95, sill that of a random condition. The large nugget effect also
=88.14, range=182.2 m) was used to krig canopy open- indicates a possible scale of pattern smaller than 5 m. At
ing to a 2 m resolution using four nearest neighbors (Fig. distances greater than 182 m (i.e., the range) individual
4). The approximat&? value associated with the surface observations of canopy openings are spatially inde-
was 0.574 (Kallas, 1997; Metzger, 1997). The I&% pendent. At distances less than this, some pattern was
value is due to the large nugget effect (i.e., the nugget evident, though this relationship is very weak. Also, the
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Table 2
Distribution of canopy openings on the 12 ha plot in the Manitou
0 | Experimental Forest
= Percent canopy opening Percent of plot
§ o
S S 0-5 5.43
5 6-15 23.61
E 16-25 22.03
§ 1 26-35 15.19
36-45 9.83
46-55 7.61
o 56-65 5.46
S L x ‘ ‘ - — 66-75 4.49
0 20 40 60 80 100 76-85 3.03
Canopy Opening (%) 86-95 2.48
96-100 0.82

Fig. 3. Estimated probability density function for thresholds of can-
opy openings for all resident and migratory birds on the 12 ha plot in
the Manitou Experimental Forest.
The transformed-function for the canopy model is

depicted in Fig. 6. The stairstep line is the transformed

range is approximately equal to the size of the areaempirical K-function for the observed point pattern,
impacted by dwarf mistletoe in the eastern part of the while the straight lines are the 99% simulation envelopes
plot (Fig. 4). associated with the canopy model. The transformed

Distribution of canopy openings on the sample plot is empirical K-function is contained within the bounds of
given in Table 2. Seventy-six percent of the plot had the simulation intervals, suggesting the canopy model
canopy openings less than or equal to 40% (Fig. 5a) andadequately described the spatial relationship between
were located in the western two-thirds of the plot. The presence of individual birds and canopy opening. While
eastern portion of the study area, which was severelythe model does assume independence among individual
impacted by dwarf mistletoe had canopy openings birds, this does not imply there is no behavioral attrac-
between 50 and 70% (Fig. 5b), constituting the optimal tion or repulsion between species. The model is strictly
range of canopy openings (Fig. 3) where abundance wasa habitat model looking at how canopy openings influ-
greatest. This clustering of favorable habitat may be the ences the spatial distribution of individual birds. It is
reason why individual birds were aggregated on the not intended to capture other behavioral aspects of the
study plot (Fig. 1). Six percent of the plot had canopy individual species.
openings greater than or equal to 80% (Fig. 5c). Since it was not possible to express the canopy model

y-coordinate (m)
00 150 200
| 1 ]

50
|

x-coordinate (m)

Fig. 4. Grey scale map of the kriged surface of canopy opening on the 12 ha plot in the Manitou Experimental Forest. Canopy opening decreases
from white (100% open) to black (0% opening).
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Fig. 5. Indicator maps showing the spatial location of canopy openings (black) (a) less than or equal to 40 percent, (b) 50 to 70 percent, and (c)
greater than or equal to 80 percent on the 12 ha plot in the Manitou Experimental Forest. Canopy openings between 50 and 70 percent correspond
to conditions in which the greatest number of birds were found.

mathematically in the form of &-function it was not  model aims at determining to what extent dwarf mistle-
possible to assess the goodness-of-fit using an exact tedibe and other similar forest tree diseases can relate to
such as the Cramer-von Mises statistic (Eq. (1)). Thus, the spatial arrangement of bird habitat. We examined
we must rely on graphical procedures to assess the goodthis association by comparing a relatively undisturbed
ness-of-fit of the point process model. As noted by part of a plot with a part that had been significantly
Rathburn and Cressie (1991), the method used to generimpacted by this disease. Further tests of this model
ate the simulation envelopes are not simultaneous con-could be used to determine stand conditions that are con-
fidence bounds and any departures from these envelopeducive and/or necessary for certain bird species, and to
only indicate departures from expectations. characterize and quantify the likely ecological conse-
guences of changes to stand structure caused by diseases
and other small scale disturbances.
4. Discussion Our study shows that individual bird distribution and
abundance was associated with disease distribution, but
In this study, we developed a probability model to it does not infer the mechanism underlying the associ-
predict the within-stand spatial distribution of individual ations. Dwarf mistletoes create a “mosaic of habitat
birds based on the spatial arrangement of canopy open-structures” (Bennetts et al., 1996) by its effects on stem
ings created by trees killed by dwarf mistletoe. This density, species and age class composition, host spatial
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developed for forest pathogens, and spatial models for
tree diseases are not well developed (Jeger, 1986). Most
studies that quantify spatial variation are conducted at
the watershed or landscape scale. In this study, we focus
on the relatively small within-stand scale. The impor-
s 87 tance of the spatial distribution of favorable and unfavor-
able sites at the patch scale is not well understood
(Tucker et al., 1997), but according to Wiens (1976), “if
we study a system at an inappropriate scale, we may not
detect its actual dynamics and patterns, but may instead
identify patterns that are artifacts of scale.”
( : , ; , ; Birds occur where canopy opening or closure is suit-
° 2° “ * . 1% able. Neither the absence of canopy nor the complete
panee () closure of canopy create conditions preferred by birds.
Fig. 6. Plot of transformedt-function, L(h)={ K(h)/m} 2 against dis- The model developed here suggests that moderate level
tanceh, for resident and migratory birds on the 12 ha plot in the Mani- ~ disturbances create the optimal conditions for bird abun-

tou Experimental Forest. The stairstep line represents the emgifical  ggnce on our plot, which supports the intermediate dis-
function calculated from the data and the continuous lines representturbance hypothesis of Connell (1978).

the upper, average, and lower simulation envelopes for 200 realizations . N
of the canopy model. This study was not meant to be a definitive study of

forest stand characteristics that affect individual bird dis-
tribution and abundance in ponderosa pine stands along

distribution, abundance and spatial distribution of snags,the Colorado Front Range. Rather, this study was
coarse woody debris, recolonizing vegetation. The distri- designed to provide a description of the spatial relation-
bution of birds within this mosaic was not random, and ship between crown structure as it relates to dwarf
these symptoms of dwarf mistletoe probably increased mistletoe and bird use. Ponderosa pine is a dominant
the number of suitable nesting, foraging, and roosting forest type in this region, and dwarf mistletoe is the most
sites (Mlot, 1991) on the ponderosa pine trees within important forest disease. The use, or lack of use by vari-
our study plot. Birds commonly nest in boles of trees ous bird species may help explain the distribution and
putatively killed by dwarf mistletoe or in the witches abundance of these species across this region.
brooms it creates. However, cause and effect relation-
ships are difficult to prove in forestry, and proving that
dwarf mistletoe is responsible for the bird distribution 5. For Further Reading
observed in this survey is not possible. However, the
evidence certainly suggests that this disease has partly Ripley, 1977
determined these patterns.
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