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ABSTRACT

Bird censuses were conducted in late May, June, and
early July 1975 on 12 planted pine stands and 6 deciduous
woodlands in Montgomery and Stewart Counties, Tennessee, and
Trigg and Christian Counties, Kentucky, on the Northwestern
Highland Rim of the Interior Low Plateau. Vegetation was
sampled by recording presence or absence of foliage above
40 points per study area in each of three pre-determined
layers. Species identities of plants were also recorded.
Diversity indices were calculated using Shannon's formula
(Shannon and Weaver, 1949). Per cent vegetation cover was
calculated per number of points above which foliage was
present. Considering all study areas together as repre-
senting a gradient of dissimilar habitats, bird species
diversity was correlated with foliage height diversity and
sum of per cent vegetation cover, but not with plant species
diversity. In the pine stands alone all ofbthese correlations
were found as well as correlations between bird species
diversity and age of pine stands, and per cent pine cover.
In the hardwood stands alone bird species diversity did not
correlate with foliage height or plant species diversities
or with sum of per cent vegetation cover. No significant
differences were found in either the number of bird species
detected or bird species diversity between pine stands and

hardwood stands. Substitution of bird species was found to



be the major effect of pine plantations on the bird commun-
ities of the area of the study. Patterns of bird species
substitution were comparable to those associated with natural

secondary succession in the area.
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Chapter 1
INTRODUCTION

The widespread belief that pine plantations of the
type associated with erosion control and the pulpwood industry
provide relatively poor wildlife habitat (Stoddard, 1963)
is not adequately substantiated by quantitative data in the
literature. Of particular interest are the species compo-
sition and relative abundance of the bird communities that
utilize such artificial habitats in comparison to natural
situations. In this study I have compared pine plantations
Tocated on the Northwestern Highland Rim of the Interior Low
Plateau in Tennessee and Kentucky with natural woodlands of
that same general area.

Braun (1950) classifies the Western Highland Rim
as part of the Western Mesophytic Forest Region. She
mentions no pine as a natural aspect of the vegetation of
the northern portion of this region where my work was con-
ducted. Pine plantations on the northern "Mississippian
Plateau" (terminology of Braun, 1950) are therefore plantings
of a species exotic to that area.

Diversity of vegetation has been shown to be cor-
related with bird species diversity (BSD) at Teast in

deciduous forests (MacArthur and MacArthur, 1961) thus

suggesting that BSD can be predicted by measuring various

1



aspects of the vegetation. Willson (1974) concurred with
that conclusion for the most part, but raised some questions

about certain aspects of the theory.

Parameters of vegetation I measured during this
study include: foliage height diversity (FHD), per cent
vegetation cover (PCVC), and plant species diversity (PSD).
The MacArthurs (1961) found BSD to be positively correlated
with FHD but not with PSD. Willson (1974) found BSD to be
positively correlated with PCVC and FHD in most cases but
pointed out possible exceptions. In the study reported
herein, I looked for these relationships in pine plantations
and deciduous woodlands of the Northwestern Highland Rim
area.

Other questions considered include:

1. Of deciduous woodlands and pine plantations,
which habitat type supports a higher BSD?

2. What age pine stands support the greatest
BSD?

3. What happens to BSD during the maturation of
a pine stand and what species of birds are
associated with the various stages of that
process?

4. Does the size of a pine stand or woodland
influence the number of bird species utilizing
the area, and if so how?

5. What is the overall effect of introducing pine

plantations on an area's bird popuiation?



6. How might pine plantations be managed so that
they yield productive habitat for bird popu-
lations?

7. What differences exist between natural deciduous
woodlands and pine plantations located on the
Northwestern Highland Rim, as regards the
community of bird species utilizing each habitat
type?

The calculation of various ecological diversity
indices has received much attention in the literature.
Many workers have used information theory in these calcu-
lations and there are two popular formulas that are used;
Shannon's Formula (Shannon and Weaver, 1949) which has
been used extensively and is used in this study, and that
of Brillouin (1956, cited by Lloyd, et al, 1968). Although
the two formulas are similar, sampling techniques that I

used favored Shannon's formula for use in this study.



Chapter II
LITERATURE SURVEY

I could find no study comparing bird communities
of the deciduous woodlands characterizing my study areas
with those of pine plantations. Perkins (1973) worked
with Loblolly Pine plantations in the interior f]atwoods
of Mississippi comparing them with natural woodlands of
that area (which had a canopy of 60% pines and an understory
mainly of hardwoods). He studied effects of clearcutting
and different types of site preparation on vegetation and
several wildlife species. He studied no plantations older
than 5 years. Although many bird species and the natural
vegetation varied from those characterizing my study areas,
he found that the number of bird species in the interior
of the uncut forest was higher than that of the same area
in the first year after clearcutting. In the second and
third years of the plantations however this number increased
and was then substantially higher than that of the interior
of the uncut forest. He pointed out that these pine stands
represented the earliest stages of plant succession.
Johnston and Odum (1956) compared breeding bird

populations with various seral stages of plant succession

on the Piedmont of Georgia. Some of their areas included

variously-aged natural pine forests. Again, the natural

4



vegetation differed from that of my study areas, and no
artificial situations were studied. They did find however
that both number of breeding pairs per 100 acres and total
number of bird species increased with the age of the seral
stage. A relative drop in these parameters began in pine
forests around 20 years old, but recovered in old pine
forests. They found that many bird species were associated
with certain seral stages, but also that some species were
common in all stages.

Smith (1958) studied conifer plantations in New
York as wildlife habitats and, although he was mainly
concerned with game species, found that a "succession of
wildlife" is associated with increasing height and cover
density of the vegetation. Open-field species of wildlife
are replaced by shrubland species and when the pine canopy
closes, forest species of wildlife slowly begin to dominate.

Lack (1933, 1939) and Lack and Lack (1951) in
successive studies of the same pine plantations in England
found that the succession of bird species is markedly
correlated with the general age of the stand and thus
vegetation complexity.

Roberts (1963) studied breeding birds of two pine

forests in Georgia, one natural and one planted. He paid

special attention to the status of Pine Warblers and stated

that in Georgia this species is almost alone in the pine

canopy niche. He also reported that all other bird species

encountered were concentrated in areas that had undergrowth



or dead standing trees. Cleveland (1974) studied a pine
plantation in Louisiana and compared breeding bird densities
to those of a study of a grassland (which he did not cite).
The main differences he found were in what bird species
utilized each habitat and in the numbers of each species.

He reported that there was a shift from a population of seed
eaters in the grassland to one of insect eaters in the pines.
Also reported was that grasslands support greater numbers

of individual birds than pine plantations, but the latter
supports more species.

As mentioned earlier, none of the afore-mentioned
studies dealt directly with a comparison of avian diversity
of non-pine woodlands with that of planted pine stands. Nor
did I find any published data concerning a breeding bird
census of a pine plantation in the geographic area of my
study.

The relationship of BSD to various habitat parameters
has received much attention in the literature. MacArthur
and MacArthur (1961) pointed out that the number of available
niches is controlled by diversity of the vegetation. Using
Shannon's formula (Shannon and Weaver, 1949) the MacArthurs

(1961) showed that in a series of similar habitats BSD was

correlated with FHD but not with PSD. They stated that BSD

can be predicted by measuring FHD. MacArthur, et al (1962)

stated that fairly accurate Censuses of breeding birds can

be predicted from measurements of the amount of foliage in

three horjzontal layers above the ground.



Willson (1974) assessed foliage profiles by lumping

all relevant data into one of 3 categories representing the
following layerss 0-1.5 w, 1.5-9 m, and 36 m. She found that
BSD was correlated with FHD yalyes calculated using these

3 layers. When considering only forested areas however she
found no correlation between BSD and FHD, in contrast with
the MacArthurs' (1961) original data for such homogenous
habitats. In Willson's (1974) study, neither FHD nor the

sum of per cent vegetation cover (PCvC) for all layers
considered adequately predicted BSD on study areas containing
large trees. In that instance, furthur increases in foliage

volume or height diversity had no associated increases in
BSD.

Others workers who have found BSD to be correlated
with FHD, in a variety of habitat types, include Karr (1968),
Karr and Roth (1971), and Recher (1969). Kricher (1973)
demonstrated a positive correlation between BSD and age of
seral stages of secondary succession in New Jersey.
Karr (1968) studied BSD in relation to successional stages
on strip-mined land in I1linois and found that BSD increased

in the early stages, reached a maximum, and then decreased

in the later stages. Recher (1969) found BSD to be correlated

With FHD in temperate Australia. Tomoff (1974) has shown

that FHD cannot be used to adequately predict BSD in desert

scrub. Kroodsma (1975) found that BSD was positively cor-

related wizh what he called plant stratum diversity (which

is equivalent to FHD) in 11 pine plantations ir South Carolina,
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but was negatively correlated with pine cover. Thinning of
PIDSICIONS rasukted 4n higher BSD, and age of plantations

had no effect on BSD. He also found BSD values to be lower

than expected in scrub oak forests.

Use of information theory has become prevalent in
ecological research in calculation of various diversity
indices. Two formulas are seen in the literature: Shannon's
formula (Shannon and Weaver, 1949) which has been used
extensively, and that of Brillouin (1956, cited by Lloyd,
et al, 1968) which has received relatively 1ittle attention
in comparison to the former. Tramer (1969) described Shannon's
formula and discussed its various components which in general
also apply to Brillouin's formula. Pielou (1966) described
diversity indices based on information theory as repre-
senting the amount of uncertainty that exists regarding the
species identity of an individual selected at random from
a population. Karr (1971) said Shannon's formula belittles
the importance of rare species in BSD values. Lloyd, et al
(1968) discussed both formulas and gave tables for use in
their calculation. They demonstrated that Brillouin's
formula uses actual numbers of observations in a sample and
Shannon's formula uses proportions of observations in a

(When considering species diversity, the

ntered.) Karr (1968) stated

given category.

categories become species encou

that of the two formulas, Shannon's was the least sensitive

to sample size.



Chapter III
METHODS AND MATERIALS

From 19 May to 3 July 1975 inclusive I conducted
breeding bird censuses on 18 study areas located in Montgomery
and Stewart Counties, Tennessee, and Christian and Trigg
Counties, Kentucky. Twelve of these were planted stands
of Loblolly Pine (Pinus taeda) and 6 were natural, though

not climax, deciduous woodlands.
THE STUDY AREAS

Pine stands were selected on the basis of size and
age as follows; three areas (two large and one small) were
selected in each of three age classes (5 to 6 years, 10 to
11 years, and 17 to 20 years). Large and small areas are
herein defined as over 40 acres and less than 10 acres
respectively. In a fourth age class (over 30 years old)

I was unable to find any large stand and therefore used
three small areas.

The sizes of the several Study areas were determined
by drawing a scale map of each area on graph paper, cutting
out the map and weighing it, and then calculating the area

represented by the map based on the known weight per unit

area represented on the graph paper. The maps were drafted

either on the basis of my pace-and-compass field data, or

of scaled topographic maps.
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Summary data for each study area are presented in
Table I. Age or size class of trees, size of area in acres,
the five most frequently encountered plant species (ordered
from most to least frequent), and comments are detailed for
each study site. The code of area designations in Table I
is used throughout the remainder of this paper. In the code
designations, "P" denotes a pine stand and "H" denotes a
natural hardwood stand. More complete descriptions of each
area, with exact lTocations, are provided in Appendix A.
Sites within Fort Campbell, Kentucky, are designated FC with
a number following representing the numbered area within
Fort Campbell in which it was located.

A1l study areas were upland in nature, none were

near streams, and no steep slopes or ravines were included.
BIRD CENSUSES

Breeding bird censuses were conducted using a stan-
dard singing male count index (Kendeigh, 1944). Since an
objective was the detection of all birds using the area, in
terms of both species and individuals, birds that were seen
or heard on an area but may not have had nests there were

counted. This occurred more often on areas of 10 acres or

less. Four censuses were conducted on each area: two primary

counts, being here defined as those beginning before listed

sunrise times, and two secondary counts, being those immedi-

ately following a primary count. Every study area was cen-

sused in each of four series of counts before the next series



Table I.

Summary data for 12 planted pine stands and 6 deciduous woodlands on the North-
western Highland Rim of the Interior Low Plateau.
denotes a deciduous woodland

"P" denotes a pine stand and "H"

Area

Study Age of stand i Most frequent Comments
area or in plant species
code Mean DBH acres
P-1 6 yrs. 59. Rhus copallina, Pinus taeda, Homogenous,
Lonicera japonica, Smilax Spp.., dense ground
Rosa spp. cover
P-2 6 yrs. 45, Pinus taeda, Lonicera japonica, Surrounds
Smilax Spp., Sassafras albidum, area H-1,
Rhus copallina much Tike P-1
P-3 6 yrs. 2. Smilax Spp., Pinus taeda, Pqtchy growth
Lonicera japonica, Rhus copallina, with dense
Sassafras albidum ground cover
P-4 10 yrs. 41. Pinus taeda, Smilax Spp., Deciduous
Rhus copallina, Diospyros virginiana, growth very
Rosa spp. tangled
P-5 11 yrs. 47. Smilax spp., Pinus taeda, Similar to
Rhus copallina, Lonicera Jjaponica, area P-4
Rubus argutus
P-6 11 yrs. 4. Pinus taeda, Lonicera japonica, Open area
Smilax spp., Rhus copallina, through
Rubus argutus center
P-7 17 yrs. 6. Pinus taeda, Liquidambar styraciflua, Ground cover

Lonicera japonica, Smilax SPP-,
Sassafras albidum

sparse,
canopy closed

11



Table 1I. (continued)
Study Age of stand Area Most frequent
area or in lant species
code Mean DBH acres 4 d Comments
P-8 19 yrs. 47 .4 Pinus taeda, Loyiqera Japonica, Fairly dense,
Acer negundo, Vitis aestivalis, canopy closed
Cornus florida
P-9 17 yrs. 85.8 Pinus taeda, Lonicera japonica, Ground cover
Rhus radicans, Prunus serotina, sparse, some
Sassafras albidum Pinus strobus
P-10 32 yrs. 5.9 Pinus taeda, Cornus florida, Pines over 30
Ulmus alata, Diospyros virginiana, feet tall,
Quercus alba canopy closed
P-11 40 yrs. 3.1 Pinus taeda, Lonicera japonica, Much Tike
Symphoricarpos orbiculatus, area P-10 but
Ulmus alata, Ulmus americana more dense
P-12 37 yrs. 3.1 Pinus taeda, Ulmus alata, Surrounded by
Lonicera japontica, Rhus radicans, H-2, similar
Quercus falcata to area P-11
H-1 8.64 1in. 9.7 Cornus florida, Quercus falcata, Surrounded by
Lonicera Jjaponica, Sassafras albidum, area P-2,
Rhus radicans fairly open
H-2 3.81 M. 45.0 Carya tomentosa, Carya ovata, Ground cover
sparse,

Acer saccharum, Quercus alba,
Cornus florida

fairly open




Table I.

(continued)

Study
area
code

Age of stand
or
Mean DBH

Area
in
acres

Most frequent
plant species

Comments

H-3

H-4

H-6

11,12 1n.

8.45 in.

10.55 1in.

9.40 in.

121.0
41.1

64.0

Quercus velutina, Carya ovata,
Carya tomentosa, Cercis canadenstis,
Quercus alba

Quercus stellata, Quercus alba,
Carya ovata, Quercus velutina,
Nyssa sylvatica

Quercus velutina, Nyssa sylvatica,
Quercus alba, Acer saccharum,
Cornus florida

Nyssa sylvatica, Quercus velutina,
Cornus florida, Lonicera japonica,
Quercus falecata

Similar to
area H-2

Plot out of
large forest

Plot out of
large forest

Lower layers
of vegetation
fairly dense

€1
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was begun. One primary and gne secondary count were made

per counting day. As there were 18 areas, each series took

9 counting days. Censusing consisted of recording all birds

seen or heard during a 20 minyte period at each of four per-

manent stations on each area. No birds were counted as I

moved between stations. The only time Tapse between primary

and secondary counts was the time needed to walk or drive
from one area to the next. The number of stations and cen-
suses ultimately used per area was decided on by evaluating
species-area curves constructed with data taken on area H-2
before actual censuses were begun.

Stations within an area were positioned as equidis-
tant from each other as possible to reduce the overlap of
the effectively-censused areas. In the case of areas of
Tess than 10 acres, the overlap was nevertheless probably
substantial. In those cases stations were positioned near
the edge of the area to allow me to more certainly detect
whether a singing individual was on or off the area. 1In
most such instances individual birds from all reaches of
these study areas could be heard from every listening station,

therefore demanding great care in order to avoid recording

the same individual more than once. During all censuses,

notes were taken as to the sex of sighted birds (when pos-

sible), specific identity of birds, and other general infor-

mation. Field data was analyzed on the basis of birds

considered to have been using the area, and final tabulations

Were recorded as number of breeding pairs detected per area,
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per census. For this last-nameq Purpose I adopted the

Comuell Sehventian of fnberpreting 4 singing male as repre-
senting one breeding pair.

No attempts to assess absolute density of bird
species were made. For purposes of data analysis, the num-
bers of breeding pairs detected on an area in each census
were summed, providing for each study area a single number
representing the number of breeding pairs detected there.

Willson, et al (1973) stated that censuses of
short duration, such as those used in my study, may serve
to indicate the number of individuals of each species using
a certain area during that time. Such indication may be
as important as knowing numbers over a whole season in
understanding community organization. They stated that,
at least in temperate forest regions, long and short term
censuses should yield similar results in regard to species
and number of individuals using a given area. MacArthur
(1960) said that in relative abundance figures, discrepancies
between predictions and actual populations are negligible

when the area sampled is small, random, and does not cover

more than one type of habitat.

DESCRIPTION OF VEGETATION

As an index of the maturity of deciduous woodlands,

I used mean diameter-breast-high (DBH) instead of age. Mean

DBHs were determined using 2 point-quarter method of random

selection (hillips, 1959). Specific jdentity of the trees
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was not considered at that time. I sampled 4 trees at each

of 10 points on a transect, thus 40 trees per transect.

Two such transects were run in each area. The mean and

standard deviation of the DBH data along each transect was

calculated. In assessing adequacy of my DBH sampling effort,

I adopted the convention that if the mean DBH of the second
transect for each area was within one standard deviation of
the mean DBH of the first transect of that same area, then I
assumed an adequate sample, lumped the raw data from the

two transects and calculated a mean of all 80 trees. As it
happened, the second transect in every case yielded such a
mean DBH value. These statistics were then used as a size
description of the trees of that area.

Foliage profiles were sampled using a method described
by Emlen (1967). The technique involved recording presence
or absence of foliage directly above randomly-positioned
ground points. To construct foliage height profiles (or the
degree of layering of the vegetation) these data were
classified into various pre-selected height intervals. Many
variations exist in the literature as regards height inter-
vals sampled (Karr, 1968 and 1971; Karr and Roth, 1971;
MacArthur and Horn, 1969; Willson, 1974; and Willson et al,

1973) but almost always the data are Tumped into three Tlayers

corresponding to shrub-ground cover, middle understory, and

canopy (Karr, 1968 and 1971; Karr and Roth, 1971; Willson,

i d
1974; and Willson, et al, 1973). In this study I recorde

i i 5 feet,
presence cr absence of foliage at heights of 0 to
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5 to 30 Teet, and gver 3¢ feet. These heights are those

used by Willson (1974) in her fina] analysis. In the field

I estimated height of vegetation with regard to those layers.
To gather data on plant species composition, I also recorded
the species of all plants above each point sampled.

To detect whether foliage was present above a given
point, I constructed an instrument that was a combination
of ones described by Emlen (1967) and Bonner (1967), but
with some modifications. Vertical sightings could be made
both up and down to allow al]}gnment over an exact point.
The instrument was stabilized by attaching it to a sharpened
pole which was inserted into the ground. A diagram of the
instrument is given in Figure 1.

The number of points needed to provide an adequate
sample, using the device described above, was another
question which could not be clearly answered by reference
to the literature (Bonner, 1967; Karr, 1971; Willson, et al,
1973). In my study I sampled 40 points per area. Compared
to some other studies (Karr, 1971 and Willson, 1974) this
number was rather small for some of the larger of my study
areas. Willson, et al (1973) however, said that samples of
such size, at least in temperate woods of I11inois, usually
approximated the foliage distribution determined from larger

Kroodsma (1975) used 60 points per 24 acre area
I decided to use 40

samples.

in pine plantations in South Carolina.
i i con-
points per area after evaluating species area curves

. . d
structed from trial data collected on areas H 2 and P-10 an
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to allow completion of each Study area in the time available.

Vegetation sampling points were Tocated along tran-

sects that crossed areas where bird census stations were
located. Sampled points were located every 20 paces along

a compass 1ine, by dropping, without Tooking and at arms

length in the direction of the compass line, a knife.

Wherever the knife stuck was used as my random sample point.

DIVERSITY INDICES AND STATISTICS

I calculated BSD, FHD, and PSD using Shannon's

formula

S
H' = _'z]_pi Togqg P
i=

where s is the number of categories and P is the proportion
of observations in the ith category. 1In addition to FHD
another measure of foliage distribution was used: the sum
of per cent vegetation cover (PCVC) for all layers sampled
(Willson, 1974). A maximum of 300% is therefore possible
when sampling three layers. Willson (1974) stated that this

measure emphasizes total volume of vegetation while FHD only

indexes vertical distribution. PSD values were calculated

in regard to woody plant species.

Linear regressions and Spearman rank correlations

were used in assessing the relationships between various
Parameters that were measured. Considering pine stands and
hardwoods as two distinct habitat types (disregarding age

i i umber
of pine stands), significance of differences 1n the n
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of bird species detected and BSD between the two habitat
types were assessed using chi-square and Mann-Whitney U
tests. Significance of differences in relative abundance

of individual bird species between habitat types were tested

using chi-square tests. 1In all cases unless otherwise in-

dicated the 95% level of significance was used.



Chapter 1y
RESULTS

I have approached the data analysis from two points
of view: one in which I considered a1l 18 study areas as
representing a gradient of dissimilar habitats by virtue
of varying age and vegetation complexity, and one in which
I considered pine stands and deciduous woodlands as two dis-
tinct habitat types. I hereinafter refer to the former
as analysis of Tumped data and the latter by the appropriate
habitat-describing adjective.

Considering lumped data, BSD was found to correlate
significantly (Spearman Rank Correlations) with both FHD and
the sum of PCVC (Figures 2 and 3). These two measures of
vegetation complexity were also significantly correlated with
each other (Figure 4). BSD was not significantly correlated
with PSD (Figure 5).

The pine data considered alone revealed generally
the same pattern of correlations as was found when consid-
ering the lumped data (cf. preceding paragraph) although in

some cases the alpha values differed (Figures 2-5). Thus

both the Tumped data and pine data agreed qualitatively with

findings of MacArthur and MacArthur (1961), Karr (1968), and

Willson (1974) with regard to the aforementioned correlations.
d, in the
In addition to those relationships already mentione

21
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BSD

' M
25 .30 35 40 45 S0

FHD

Figure 2. Regression of bird species diversity (BSD) on
foliage height diversity (FHD) of Tumped data (dotted 1;?e)d
representing 12 planted pine stands and 6 deciduous woodlands
(y = .962 + .772x, n=18, p=.697, «<,01), data on the_%g pine
stands alone (heavy dashed line) (y = .931 + .874x, n=12, p=

6 deciduous woodlands alone
.806, «<.01), and data on the Y i oY

(1 i - 1.109 + . )
A]]gzgug;sgﬁgal1322e({ocated on thg Northes;ernd?ighland Rim
of the Interior Low Plateau. (P=pine, H=hardwoo
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BSD

150 200 250

xPCVC

Figure 3. Regression of bird species diversity (BSD) on the

sum of per cent vegetation cover (2PCVC) for three layers of
vegetation sampled, of lumped data (dotted 1ine) representing
12 planted pine stands and 6 deciduous woodlands (y = .895 +
.0018x, n=18, p=.650, «<.01), data on the 12 pine stands

alone (h ] 2 859 + .002x, n=12, p=.778,
lisang dashed L duous woodlands aldne (1ight

«<.01), and data on the 6 deci

dashed 1ine) (y = 1.432 - .0005x, n=6, p=.014, <> .05). A1l
Study areas were located on the Northwestern Highland Rim of
the Interior Low Plateau. (P=pine, H=hardwood)
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Figure 4. Regression of foliage height diversity (FHD) on the
sum of per cent vegetation cover (¢PCVC) for three layers of
vegetation sampled, of lumped data (dotted line) representing
12 planted pine stands and 6 deciduous woodlands (y = -.075 +
the 12 pine stands alone

igozx, n=18, p=.950, =<.01), data on 086, << .01)
eavy dashed 1i - .058 + .002x, n=12, p=.986, =< .Ul/,
y shed 1ine) (y s woodlands alone (1ight dashed

and dat i
ata on the 6 deciduo 0757, > .05). A1l study
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Figure 5. Regression of bird species diversity (BSD) on plant
(dotted line) repre-

species diversity (PSD) of lumped data
senting 12 planted pine stands and 6 deciduous woodlands (y

1.046 + .207x, n=18, p=.374, <> .05), data on the 12 pine
(y = 1.177 + .060x, n=12, p=

stands alone (heavy dashed Tine) (y =

-.056, «> 05), and data on the 6 deciduous woodlands alone

(Tight dashed jine) (y = 1.192 + .101x, n=6, p=.543, «>.05).
the Northwestern Highland Rim

1 study areas were located on
of the Interior Low Plateau. (P=pine, H=hardwood)
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pine stands BSD and FHD were highly correlated with age of

tand i
the stands (Figures 6 ang 7). Per cent vegetation cover,

considering the pine Canopy alone, was highly correlated

with both BSD and age of Pine stands (Figures 8 and 9).

Considering hardwoods alone, BSD did not correlate

significantly with either FHD or sum of PCVC (Figures 2 and

3). These findings disagree with those of MacArthur and
MacArthur (1961), but Willson (1974) found that when she
considered only areas with mature trees, these same statis-
tics did not correlate. My data showed a correlation between
FHD and sum of PCVC of the hardwood stands (Figure 4), but
it was not significant at the 95% level. PSD did not cor-
relate with BSD (Figure 5), although this was expected on
the basis of studies by Karr (1968), and MacArthur and
MacArthur (1961). Table II presents summary statistics on
BSD, FHD, PSD, sum of PCVC, PCVC of pine for pine stands
only, and number of bird species detected.

The difference between number of bird species
detected on all hardwood stands and on all pine stands was
not significant, as determined by chi-square tests which
were performed on an equal number (6) of pine and hardwood

study areas, by using even-numbered pine areas 1n one com-

parison with hardwood stands (0.8<e«< 0.9) and odd-numbered

pine areas in a second comparison («£=1).
The question of the significance of the difference
between number of bird species detected on pine versus hard-

i - test
Wood stands was also tested using the Mann-Whitney U te
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Figure 6. Regression of bird species diversity (BSD) on age
6f pine stamds in years |ABE) (y = 1.13 + .006x, n=12, p=.892,
«<.01). A1l pine stands were located on the Northwestern

Highland Rim of the Interior Low Plateau. (P=pine)
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Table II. Summary Statistics o, 12

deciduous woodlands on the : 3
Interfor Low Plateay, (pe NOrthwestery Highland Rim of tpe

“Pine, H=hardwood)
Study BSD FHD PSD 2PCVC  peye Number of birg
area PCO

Species detected

p-1 1.073 290 1.022 162.5 475 21
Pl 1.122 ‘290 999 14, ¢ 55.0 21
p-3 1.120 .282 .991 150.0  37.5 17
P-4 1.242 .299 .970 180.0 67.5 26
P-5 1.275 .299 .841 175.0  67.5 29
P-6 1.143 .259 .822 140.0 55,0 19
P-7 1.265 371 1.063 182.5 85,9 25
P-8 1.317 329 1.097 180.0 80.0 31
P-9 1.302 .351 .873 180.0  90.0 33
P-10 1.326 471 .942 212.5  77.5 28
P-11 1.300 474 1,037 250.0 82.5 28
P-12 1.347 471 .989 245.0 85.0 28
H-1 1.268 476  1.049 225.0 26
H-2 1.397 464  1.290 205.0 40
H-3 1.198 .463 1.264 220.0 19
H-4 1.312 .445 .903 190.0 33
H-5 1.366  .475 1.313  225.0 5

H-6 1.326 471 1.262 242.5 33
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which similarly indicateq N0 significant difference
n'i = 129 n2 = 6! 0.1(“( 0-2).

(U = 53,
Using the same test of
significance on the difference between BSD in pine stands

representing all ages, ang that in all hardwood stands gave

similar results (U = 53.5, n1 = 12, 42 = ¢ 0.1<%<0.2)

Tables III and 1y Tist all the bivdl spsciss encolis

tered during the study, by official A.0.u. names (American

Ornithologists’ Union, 1957 ang 1973), and the sum of numbers

of pairs of each species detected per census on each area.
The results of chi-square tests for significance
of differences in relative abundance of individual species
between habitat types are given below: Five species that
significantly preferred the two youngest age classes of pine
stands over the two oldest age classes were Blue-winged
Warbler, Prairie Warbler, Common Yellowthroat, Yellow-breasted
Chat, and Field Sparrow ( «<.001 in all cases). Those same
five species also significantly preferred pine stands in
general over hardwood stands («€< .01 in all cases). Six
species that significantly preferred the two oldest age
classes of pine stands over the two youngest age classes
were Red-bellied and Downy Woodpeckers, Acadian Flycatcher,

Eastern Wood Pewee, Blue-gray Gnatcatcher, and Pine Warbler

(< .01 in all cases). Of those, only the Pine Warbler

d
significantly preferred pine stands in general over hardwoo
stands ( «<,001), while Red-bellied and Downy Woodpeckers

ines (%<
and Eastern Wood Pewee preferred hardwoods over p

and Acadian Flycatcher and Blue-gray

02 in a11 cases),



Table III. A1l bird species encountered on 12 variously-aged planted pin

on the Northwestern Highland Rim of the Interior Low P]gtegu. pNames aﬁé §r3?i21?01023§?iw
the checklist of North American birds (American Ornithologists' Union, 1957 and 1973 )
Column entries are sums of four separate censuses of the number of pairs on each area.

For comparison, totals for those species also encountered on hardwood stands are given.

(P=pine, H=hardwood)

Study areas
P P P P P P P P P P P P

Species 1 2 3 4 5 6 z 8 9 10 11 12 P ZH
Bob White 9 14 7 8 1 6 2 47 14
Mourning Dove 6 2 2 8 6 2 2 7 6 41 21
Yellow-billed Cuckoo 2 5 2 i 5 12 7 4 1 3 42 75

Barred Owl 1 1
Chuck-will's-widow 1 1 o+
Whip-poor-will 2 1 2 1 6 11
Ruby-throated Hummingbird 1 1 1 2 5 5

Belted Kingfisher 1 3 4
Common Flicker 1 3 3 1 3 2 1 2 16 14
Pileated Woodpecker 1 2 3 6 10
Red-bellied Woodpecker 2 3 10 4 4 6 3 32 71

E€



Table III. (continued)

Study areas

P P P P P

Species 2 6 7 8 9 16 11 12 P ZH
Hairy Woodpecker 2 2 4 12
Downy Woodpecker 2 2 3 2 9 4 22 22
Great Crested Flycatcher 1 1 5 3 2 12 21
Acadian Flycatcher 10 23 23 12 68 29
Eastern Wood Pewee 1 3 5 2 1 12 1 4 29 66
Blue Jay 1 18 3 8 7 7 3 3 3 63 82
Common Crow 13 9 7 3 1 34 20
Carolina Chickadee 2 5 2 4 9 9 7 2 2 51 12
Tufted Titmouse 2 4 B 12 6 7 10 6 3 62 106
White-breasted Nuthatch g . I 1 5 18
Carolina Wren 3 24 3 14 27 15 8 7 2 124 56

Mockingbird 2 3
Gray Catbird 5 15 2 26 1
Brown Thrasher 10 8 1 1 32 o

143



Table III. (continued)
Study areas
P P P P P P P P P P P P
Species 1 2 3 4 5 6 7 8 9 10 11 12 ZP IH
American Robin 1 1 2 1
Wood Thrush 4 6 2 2 21 35 114
Eastern Bluebird 1 3 0 6 11 8
Blue-gray Gnatcatcher 5 1 1 10 5 4 13 1 5 45 32
Starling 2 2 1
White-eyed Vireo 17 11 11 1§ 21 1 9 19 12 4 1 121 21
Red-eyed Vireo 4 2 2 8 30
Black-and-white Warbler 3 3
Blue-winged Warbler 6 6 1 1 14
Yellow-throated Warbler 4 1 5 2
Pine Warbler 2 1 3 11 19 2 2 40
Prairie Warbler 55 33 15 28 24 3 6 12 2 178 8
Ovenbird 2 1 3 13
Kentucky Warbler 1 3 10 2 3 19 e

w



Table III. (continued)
B 5 5 ; PStudy ar‘easP

Species 1 i 3 4 5 8 TP ZH

Common Yellowthroat 4 2 10 16

Yellow-breasted Chat 40 30 32 21 2 143

Eastern Meadowlark 2 2

Red-winged Blackbird 1

Orchard Oriole 2 3
Common Grackle 2 3 F 2
Brown-headed Cowbird 6 10 6 12 13 5 96 47
Summer Tanager 1 2 11 3 39 69
Cardinal 11 6 18 10 29 6 159 99
Indigo Bunting 16 16 10 3 15 102 13
American Goldfinch 7 10 8 9 10 77 9
Rufous-sided Towhee 36 21 40 42 41 297 80
Field Sparrow 32 25 21 24 5 128 3

9¢



; an'birds (American Ornithologj :
Eo1umn e gists' Union, 1957 and 1973).

A1l bird species en i

counte :

Jocated on the Northwestern Higmandrﬁ?m°2f6tﬂ2°}?\‘é‘é‘ii’o‘?‘iﬁlaﬁs
a—

Names and ordination follow the checklist of North Amer-

tries are sums o
Col Birs on cavh @ves, Fzrfgg;pgigzgatetcensuses of the number
3 n ot i
also encountered on pine stands are gi;en a}?-:g;ethﬂsﬁaiﬁag1§§
; = , H= 0

Study areas AJ
Species T g H H H H
3 4 5 6 | zTH %P

Red-shouldered Hawk ) .

American Kestrel 2 "
BObWh'ite 7 1 6 14 27
mourning Dove 2 9 5 ¢ 3 21 41
Ye]]ow-bi]]ed Cuckoo 3 10 4 23 19 16 75 42
Chuck-w111‘s-widow 4 4 1
Whip-poor-will 4 2 2 3 11 6
Ruby-throated Hummingbird 1 4 5 5
common Flicker 4 1 3 6 14 16
Pileated Woodpecker 4 4 2 10 6
Red-bellied Woodpecker 6 18 4 16 14 13 #1 32
Hairy Woodpecker 2 3 1 1 . 12 4
Downy Woodpecker 5 3 7 4 3 22 2é
' 12

treat Crested Flycatcher ; 4 '3 8 2 3 £
9 68

Acadian Flycatcher 1 7 20 1 2
6 29

Eastern Wood Pewee g 11 3 25 13 6 6

e
Purple Martin 2 ) o

Blue Jay ;g7 4 19 2 23 8
5 4 6 20 34

Common Crow 5

. 2 3 2 12 51

Carolina Chickadee .



Table IV. (continued)

L

Tufted Titmouse

White-breasted Nuthatch

Carolina Wren

Gray Catbird

Brown Thrasher
American Robijn

Wood Thrush

Eastern Bluebird
Blue-gray Gnatcatchep
Starling

White-eyed Vireo
Yellow-throated Vireo

Red-eyed Vireo

Northern Parula Warbleprl

Ye]]ow-throated Warbler

Prairie Warbler
Ovenbirg

Louisiana Waterthrush
Kentucky Warbler
Yﬂ]ow-breasted Chat
Hoodeg Warblep

11

20 27
4
14 13
1
3
37 18
17 3
6 7
1
15 3
4
1
2 4
2 3
1
15 5
2
9

106
18
56

114

32

21

30
4
2
8

13
1

32
3
9

38

124
26

32

35

11

45

121

178

19
143

ical son
lIdentiffcation is questionable due to an atypica g

1y recorded.
nd the fact that the individual was never yisualiy r




rable IV. (continued)

Species

common Grackle
Brown-headed Cowbird
Summer Tanager
cardinal

Indigo Bunting
American Goldfinch
Rufous-sided Towhee
Chipping Sparrow

Field Sparrow

Study areas

39

H H H H
3 4 5 6 | sH sp
L 1 2 7
5 11 1.19 8§ 3 47 96
3 14 5 23 10 14 69 39
14 28 8 2 22 25 99 159
3 5 3 1 1 13 102
2 2 5 9 77
22 19 6 1 9 23 80 297
1 3 4
1 1 1 3 128




Gnatcatcher showed no Significant Preference b
ce

and hardwoods (respectiy
ely, .3<¢«x<¢
¥ s .5 and .1<«<¢ 2)
. .2). Other

species that showed a siqnisfs
gnificant prefe
rence of pine stands

hardwood W
over 0d stands were Carolina Chickadee, Gray Catbird
, ird,

. - d i
White-eyed Vireo, Indigo Bunting, American Goldfinch, and

Rufous-sided Towhee (< .02 ip all cases). Species that

showed a significant preference for hardwood stands over

pine stands were Yellow-billed Cuckoo, Whip-poor-will Hairy

Woodpecker, Great Crested Flycatcher, Blue Jay, Tufted Tit-
mouse, White-breasted Nuthatch, Woodthrush, Red-eyed Vireo,
Ovenbird, Kentu;ky Warbler, Summer Tanager («< .01 in all
cases except for Hairy Woodpecker in which 024 < [05).
Species that showed no significant preference between pine
stands and hardwood stands were Bobwhite (.05<%<.1),
Mourning Dove (.9 <«<.95), Ruby-throated Hummingbird (.2
<K< .3), Common Flicker (.1<«< .2), Pileated Woodpecker
(.3€x<.5), Common Crow (.5<«<.7), Carolina Wren (.54«x<.7),
Brown Thrasher (.1<«<.2), Eastern Bluebird (.3<«<.5),
Brown-headed Cowbird (.9<%<.95), and Cardinal (.05<=<.1).

A number of other species were detected only a few

times or on only one or two study areas. Those, the rare-

species complement of BSD, raised the BSD slightly and are

listed in Tables III and IV. They do not warrant species

Nearly equal numbers of those rare

by species discussion.
species were found in pine stands exclusively, hardwood

A summary of the prefer-

stands exclusiyely, and in both.
ced is pre-

ences of hapitat types of those species discus



7able V. Summary data on habji

i i tat ref .
Sojggigrid;noi iﬁgd{logihaz Planted p?ne ggggcciisagg g]; bird
pla i > P C1gs detected feyer the Interior Low
the study are omitted than 10 times during the

\
Species
] H/P P/H YP/OP | OP/YP
- I
Bobwhite ; —_—
ourning Dove .05 <=< 104
veﬂow—bﬂled Cuckoo '90<:<'95
Whip—poor—wi;] .
Ruby-throated Hummingbird
Common Flicker ? 20 ¢=<.30
pileated Woodpecker 30<‘<'20
Red-bellied Woodpecker ) s a0
Hairy Woodpecker ke i *
Downy Woodpecker 5645
Great Crested F;ycatcher " *x
Acadian Flycatcher
Fastern Wood Pewee " -30<%<.50 *
Blue Jay % -
Common Crow .50<x<.70
Carolina Chickadee Fk
Tufted Titmouse *
White-breasted Nuthatch *
Carolina Wren .50<x<.70
Gray Catbird * %
Brown Thrasher .10<=<.20
Wood Thrush %
Eastern Bluebird .30< =< 50
Blue-gray Gnatcatcher .10<¢. 20 *
White-eyed Vireo *
Red-eyed Vireo *
Blue-winged Warbler *% *
Pine Warbler * *
Prairie Warbler * *
Ovenbird *
Kentucky Warbler *
Common Yellowthroat ek *
Yellow-breasted Chat * ¥
Brown-headed Cowbird .90 < =<, 95
Summer Tanager 5
Cardinal .05 <e«<,10
Indigo Bunting *
American Goldfinch *
Rufous-sided Towhee ¥ .
Field Sparrow L____,, b

ignifi f demon-
ests for significance 0
Eant at the 95% 1eye1 are ex-
n headings indicating the
e for hardwoods over

2Results of chi-square
strated preferences not signifi
Pressed as alpha values under colum

com ; p indicates preferenc i er old
P1n2§f1§?ﬂ,mg?§és ECer hardwoods; YP/OP, young plnes v

: 1 ignificant
Pines; OP/YP, old pines over young pines. Besu:is sign

in 4 categories, as
4t or above the 95% level are gg?ssngqx‘<.02; RS s,

0lTows: *_. < _001; **, [




Chapter y

DISCUSSTON AND CONCLUSIONS

Studies of the re]ationship of BSD to FHD have been
carried out both with groups of similar habitats (MacArthur

and MacArthur, 1961) and gradients of dissimilar habitats

(Karr, 1968, Karr and Roth, 1971). Although the pine aspect

was lacking from my deciduous woodland plots, I feel there
was some resemblance of my study areas as a whole to a seral
succession from Tate old field to mature woodland; enough

at least to justify looking at the data in this Tight.
Simultaneously I feel it proper to consider my data as repre-
senting two distinct vegetation types. For these reasons I
have analyzed my data from both perspectives.

My data, as well as that of previous workers, indi-
cates that BSD is generally affected by vegetation complexity.
Specifically I found, as did others (Karr, 1968; Karr and
Roth, 1971; MacArthur and MacArthur, 1961; Willson, 1974),

that BSD was correlated with FHD and with the sum of PCVC,

at least as regards lumped data. That these correlations

sometimes do not obtain (Willson, 1974) when considering

one can perhaps be

1. As the

fairly mature deciduous woodlands al

explained by one of the following reasons:

i Texity,
Vegetation of an area progresses 1n age and comp y
ian niches

Perhaps a peak is reached in the number of avi

42
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hen furthuy Progression of the vegetation
g or co i
in age mplexity would not reflect corresponding in-

reases 1n BCD. .
- S 2. At least two sampling inadequacies may

existed i
have N My study. The methods that I used in sampling

the vegetation were mych 1egg complicated than those used

by the MacArthur's
y (1961) but have been shown to yield results

similar to those of the more complicated methods (karr, 1971

and Willsony 1978). In fact, Willson (1974) used the same

vegetation sampling technique as I did and likewise found

no correlation between BSD and FHD when considering mature
forests alone. Also, in the MacArthurs' (1961) study,
Willson's (1974) study, and in my study, vegetation was
classified into essentially the same three layers. The
second possible sampling inadequacy concerned the bird
censusing. There is a variety of opinion concerning the
best method of censusing birds in situations similar to mine.
The method I used was not that used in any of the other
studies which dealt with BSD and FHD. However, comparisons
of BSD of my study areas should not be subject to this

criticism since Shannon's formula uses proportions of ob-

servations rather than actual numbers. I have made no

attempts to compare actual BSD or FHD values of my study

With those of any other study. 3. Willson (1974) mentioned

the possibility of nisland" effect in explaining why BSD

did not correlate with FHD in her study areas of mature
ibi of

hardwoods. This effect would be exhibited when an area

ed by rather wide expanses of very

Vegetation is surround
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: imilar habj
dissimilar habitat. Fop €Xample, g3 woodlot lTocated in th
e

center of a large pastyre Or perhaps in the cent f
er of a

ine pl i
jarge pi plantation. The surrounding area does not afford

suitable habitat to alloy free movement of woodland species

into or out of the area. Thus the number of species using

the woodlot would be reduced. Willson (1974) discounted this

possibility in her study when she stated that some of her

ested areas wer "y
fFor € not "islands". vYet on her plots of BSD

versus FHD, points representing her "not islands" study
areas clustered with those representing study areas that
were "islands". In my study, two hardwood study areas pro-
bably fit the "island" description; H-1 and H-3. BSD values
of those two areas were the two lowest of the 6 hardwood
study areas, but on the graph of BSD versus FHD, all the
points representing hardwood study areas were clustered
together. At least in the forest types I studied I suspect
there was an upper limit to the BSD that could be realized.
Willson's (1974) data from areas not greatly different from
my deciduous woodlands supports this view.

The high correlation between BSD and FHD in my pine
areas was a good indication that those areas were in early

stages of plant succession, during which BSD is most in-

fluenced by FHD (Kricher, 1973 and Karr, 1968). The matur-

ation of a pine stand, in the geographic area of my study,

the
strikes me as being similar to natural succession in
the pines. My pine

same region with one added aspect;
1. BSD and

] en.
Stand data showed a high correlation betwe



age of stands; 2. s

3. BSD and FHD in stangs-

| The fact that BSD
increased with PCVC of tpe Pine canopy only, need not be

interpreted as indicating that BSD is a function of the

density of the pine trees; it seems more plausible that

rather it is a function of the degree of canopy closure

associated with increasing age, since my data showed PCVC

of pine canopy only correlated with age of pine stands.

Kricher (1973) also found that increases in BSD as
a forest aged (once it had reached a near climax condition)
were very low as compared with high increases through the
earlier seral stages. This supports my belief that the
generally positive BSD-FHD correlation approaches zero in
mature hardwood forests.

That BSD was correlated with sum of PCVC is not
surprising in that the latter correlates with FHD. Both
of these measures of vegetation complexity are taken from
the same data but reflect different aspects of the habitat.

FHD measures vertical distribution of vegetation while sum
of PCVC measures horizontal distribution of vegetation. In

my study, sum of PCVC was a measure of coverage in three
horizontal 7layers based on the number of sample points

i d from
above which yegetation was present. FHD is calculate

o correlate positively

the same data so I would expect it T
h sum of PCVC

. . t
With sum of PCY(. This correlation of FHD wi
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ough it did

level of siqnifs
9n1f1cance, ro-
bab]y due to the small Samp']e size p

was found even in the deciduoys woodlands, alth
» a

fall a little short of tpe 959

the pines, hardwoods, gp lumped data. This finding supports'

the MacArthurs® (1961) original statement to that effect

Appendix B gives the numbers of individuals of each woody
plant species detected on both pine stands and hardwood
stands above 40 randomly positioned points per area. No
statistical tests were conducted on abundances of individual
plant species but it was observed that differences in species
composition among the study areas were rather great with only
Lonicera, Smilax, and Rhus showing some dominance in pine
and Quercus and Carya in the hardwoods.

The fact that no significant difference in BSD wés
found between hardwoods and pines, when considered as two
distinct habitat types, suggests that there was no appre-

ciable difference in the carrying capacities of the two,

as regards avifauna. This is an interesting finding since

the concensus of opinion is that even-aged pine stands are

rather deficient as productive wildlife habitat (Stoddard,

1963 and Cleveland, 1974). My findings do not support that

. i ea
View, at least as regards avifauna in the geographic ar

of my study. )
, . .
The major noticed effect of pine plantings on
study was
bird communities of the geographic area of my



that on species Substitution, 47

The differences in bird
species composition €ncountereq among the various hapit
a at

types studied presented q Pattern much 14ke that of v
ege-

tation complexity as measypeq by differences i FHD. Speci
g cies

" Yellow-breasted Chat, and Field
Sparrow (that were so common in the young pine stands

such as Prairie Warblep

) were
encountered less and Jess often as the Pine stands matured

and eventually were almost neyer Encountered. Two species
that were Tess commonly recorded were éncountered only in

the 6 year old pine stands: Blue-winged Warbler and Common
Yellowthroat. As all these species began to decrease in abun-
dance, new ones such as Red-bellied and Downy Woodpeckers,
Acadian Flycatcher, Eastern Wood Pewee, Blue-gray Gnatcatcher,
and Pine Warbler took their place.

Although some might describe the 30 to 40 year old
pine stands as mature, I believe this statement must be
qualified in Tight of the natural vegetation of the area.

If those stands are left untouched, eventually the hardwood
species will dominate and thus these stands constitute a
type of sub-climax in this geographic area. This sub-
climactic character was suggested by the composition of the

bird community in that a few bird species which did not

appear until the pine stands reached the two older age
er abundance in hardwood

pecker, White-

classes were found in much great

d
areas. Those species included the Hairy Woo

breasted Nuthatch, and Red-eyed Vireo.



of pines was the Pine Warblep since that species a] -
mos

always nests in mature pipe habitat (Bent 1953)

A few species showed nNo significant preference
for either pine stands or decidyoys woodlands and were

fairly common in both, while a few other species did prefer

either pines or hardwoods but were encountered on nearly all
study areas. This latter group included: Blye Jay, Tufted
Titmouse, Carolina Wren, Brown-headed Cowbird, Cardinal, and
Rufous-sided Towhee. I would expect those species to occur
in natural seral stages of secondary succession in patterns
of abundance correspondingly similar to those in my study

areas. The species that preferred pine or hardwood stands

of a certain age would also, I predict, be found in similar
patterns of abundance in seral stages of succession corres-
ponding to their preference on my study areas. I also pre-

dict that species which showed no preference among the habi-

tat types represented by my study areas would similarly
show no preference among various seral stages of secondary

succession. Johnston and Odum (1956) and Kricher (1973)

Presented data that support the above statements. Some of

. 0
the differences between my findings and those of the tv

e latter
studies just mentioned were due to the fact that th

raphic areas.
an the differences,

Overall how-
Were conducted in different geog

i th
€ver the similarities are more striking



and if the data are analyzeq at the familja) ne
ra

[ interpret this as evidence that the maturatio f pi
n of pine
stands, in the geographic area of my study, andg 1ts eff
. ) S effect
on BSD is comparable to the effect of natural vegetative

succession on BSD in the same area. Had I known of thi
is

relationship before my study, 1 woyiq have included some
hardwood study areas representing earlier seral stages. This
would have alTowed direct comparison of the effects of mat-
uration of pine stands with those of natura] vegetative
succession on BSD.

Two statistics are involved in the calculation of BSD
values: the number of species and the number of individuals
in a sample. My bird censusing technique did not provide
data on the absolute individual densities of birds. It
instead reflected absolute densities as numbers of indivi-
dual birds per census station. Thus no quantitative analysis
of the relationship of BSD to size of vegetation plot was
possible. MacArthur and MacArthur (1961) said that areas

of small size can support only a few species due to simple

space limitations. As regards my data, the two smallest

hardwood plots did give the Towest BSD values of all the

The same was true of the two smallest of

A11 three pine stands of

hardwood stands.

the middle-aged stands of pines.
ther
the oldest age class were small in size, but yielded rathe

tands,
high BSD vajues. In the youngest age class of pine s

e the lowest BSD value of the three

the small plot did not giv
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stated that

for that age class. When tpe MacArthurs (1961)

BSD should rise with increasin
9 size of area, tp
s ey were

referring to size of censys are ithi
a8 Within a lar
ger area of

homogenous vegetation. Fpop that Perspective 1 agree with
_ i

their statement, but when considering small areas of vye
ge-

tation similar to the " T
islands discussed earlijer there are

other factors to be considered. One such factor is that of

"island" effect as discussed earljer which would tend to
reduce the number of species using an area. Another factor
to be considered is edge effect. More bird species are

found at ecotones between habitat types than in the interior
of large areas of homogenous vegetation (Perkins, 1973). The
smaller an area of vegetation is the more edge there is
present in proportion to the total size of the area. Thus

a small area of vegetation should have more species than an
area of the same size in the middle of a large area of homo-

genous vegetation. The edge effect may offset the "island"

effect on any small area of vegetation.

Another factor in my study that may have affected

my BSD values was that I sampled all birds using an area

and not just those known to be nesting within the confines

of the area. Therefore in a small area, the number of birds

jon as
using the area actually sampled from a sampling statio

gher than was true

other than a nesting area was probably hi
Thus

in the interior of a large area.

for sampling stations
e higher on the smaller

BSD values would be expected to D

i m
nted only birds known to be nesting on my

areas. Hac I cou



small areas, the BSD valyues Would S—— 51
a

ficantly lower,

As one
who appreciates the natyra] aspect of the vegetation found
oun

in the various geographic areas of North America, I find th
; ne

introduction of even-aged Pine plantations aesthetically

displeasing. The practice is howeyer becoming more common

and the need to be objective in assessing its impact on

community structure is imperative. The only documented

significant effect of the introduction of even-aged pine
stands in the area of my study is substitution of species
in a pattern comparable to that associated with natural

succession of native local vegetative types. Apparently
there is no significant difference in the total number of
bird species that use pine stands and deciduous woodlands.
Mention should be made here that this conclusion is based
on the assumption that the pine plantations are allowed to
mature and develop natural deciduous understories. As has
been shown, the younger a pine stand is, the Tower is the
BSD that it can support, and thus pine stands that are

not allowed to mature before harvest would definitely show

- e
a reduction in BSD as compared to mature or near matur

i orth
communities of natural vegetation. It 1S also noteworthy

the area
that many pine plantations, although not usually in

g most under-

of the stydy, are often managed by controllin
This

i duction.
Story species that might reduce p1newood pro



ractice reduces the BSD. Pine stands should be allowed to

p
undergo tnatural" succession if they are not to be detrimental
to an area’'s bird population (and probably its total wild-

1ife population).



conducted using a singing male coynt index in Montgomery
and Stewart Counties, Tennessee, and Trigg and Christian
Counties, Kentucky, on the Northwestern Highland Rim of the
Interior Low Plateau. Vegetation was sampled by recording
presence or absence of foliage in each of three Tayers (0-5
ft., 5-30 ft., and over 30 ft.) above 40 randomly-positioned
points on each study area. Species composition of the plant
communities was also determined.

Bird species diversity (BSD), foliage height diversity
(FHD), and plant species diversity (PSD) were calculated for
all study areas using Shannon's formula (Shannon and Weaver,
1949). Per cent vegetation cover (PCVC) was also calculated

as the percentage of points per area above which vegetation

Was present in each of the 3 recognized foliage layers.

Data were analyzed from 2 perspectives: 1. By con-

: i dis-
sidering all study areas as representing a gradient of

By assuming that the pine and

similar habjtats, and 2.

isti types.
hardwood plots represented two distinct habitat typ .
ted wit
When considering all study areas, BSD was correla

23



of correlations was found. The S€Parate pine data ajso showed
owe

gsD and FHD were correlateq With the age of the pine st
e stands,

and PCVC of the pine canopy only was correlated with both

BsD and age of the pine stands. In the hardwoods alon
e,

BsD did not correlate with FHD, sym of PCVC, or PSD. Th
5 . e

non-correlation between BSD ang PSD was expected. The non-
correlation of BSD with either FHD op PCVC was possibly due
to the fact that the deciduous stands had matured past a
point where the plant community provided a peak in the number
of available avian niches.

No significant difference in either number of bird
species detected or BSD was found between pine stands and
hardwood stands. The major effect of introducing pine
plantations into the area of the study was on bird species

substitution. That substitution was found to approximate

the same substitution patterns associated with natural

secondary succession in the area.
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p-1.

P-2.

P-3.

P-4,

APPENDIX A. DESCRIpT
PLANTED PINE STANDS angs OF ALL

6 DECIDyQ “
ALL LOCATED ON THE pg US WOODLANDS.
RIM OF THE INTERTQR | oo R CASHLAND

Lob10]éy Pine stand.

Age: years. Area: .

Location: Montgomery Cg?,3T§cre?é 2
and North of firebreak at a p01;t56
west of a point on Engineeps Road 0.3
of intersection of same and Mabry R'Zd

PrinCiPa] Spgcies: Rhus copallina Pigz t

. é:ﬁiieraFg?g?niﬁa, Smilax Spp. ,Rosa i paeda’

om : Y homogenous, , i
on 3 sides apd hardaoods onszggogzﬁgg.gyDZ;::brﬁaksd
cover of various members of Poaceae, Compositag o
Cyperaceae, Leguminosae. Very hard walking. ’

Adjacent to
miles south-
miles south

Loblolly Pine stand.

Age: 6 years. Area: 45.7 acres.

Location: Montgomery Co., TN. FC-25. Directly
adjacent to area P-1 to the southwest.

Principal Species: Pinus taeda, Lonicera Japonica,
Smilax Spp., Sassafras albidum, Rhus copallina.

Comments: Similar to P-1 but has deciduous stand
in center of pine stand and is surrounded by fire-
breaks on all sides. Ground cover 1ike that of P-1.

Loblolly Pine stand.

Age: 6 years. Area: 2.9 acres. .

Location: Montgomery Co., TN. FC-25. Adjacent to
and west of firebreak at a point 0.3 miles north
of a point on Rose Hill Rga? 0.8 Ei]gs west of
intersection of same and Palmyra Road. _

Principal Species: Smilax SPP:»:Pinus taedqé Lonticera
japonica, Rhus copallina, Sassafras albi um(.:l o e

Comments: Bordered by hardwoods on 3 sides ago 2 3
break on the other. Ground cover similar

and P-2.

Loblo11y Pine stand.
Age: 10 years. Area: 41.6 acres. Adjacent to and
Location: Stewart Co., TN. FC-31. 2 %iles west of
north of Stamper's Chapel R°3d;oﬁé road.
intersection of same and Ren esmilax SPR=1
Principal Species: Pinus taedd, a, Rosa SPP-
copallina, Diospyros papgvRLal species form a
Comments: Very dense. A11 of above

Rhus
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p-5.

P-6.

P-7.

P-8.

dense tangle as pj

: : gh as g

ossible feet .

5ounger s%gnglagsi'sa$£0Und coverwiltigg g:: im-

Surrounded by f1”Ebreaksgggu§?]azidrepreSENtzg,as
es,

Loblolly Pine stand.

Age: 11 years. Area:

Location: Stewart Co,, #ﬁlo :Ergs'
north of U. S. Highway 79, ] o=
and Indian Mound road, L

Principal Species: smizq,
copallina, Lonicergq

Adjacent to apg

4 SPP.s Pinus
japonica, Rubps aeda, Rhysg

Comments: No vast difference f argutus.
- rom P-
tqng]ed. Similar ground coverT Psﬁ; bense and
firebreaks. rounded by

Loblolly Pine stand.

Age: 11 years. Area: 4.3 acres.

Location: Stewart Co., TN. FC«32.
west of Indian Mound Road at inter
and Rendevous road.

Principal Species: Pinus taeda, Lonicera japonica
Smilax SPpP., Rhus copallina, Rubus argutus. ’
Comments: Not as dense in places as were Targe stands

in this age class. Had a telephone 1ine with
cleared area running through middle. Ground cover
similar to P-4 and P-5. Hardwoods on one side,
road on two sides, one side bordered area of burned
pines.

Adjacent to and
section of same

LobloTly Pine stand.

Age: 17 years. Area: 6.3 acres. '

Location: Christian Co., KY. FC-41. Adjacent to aqd
east of Patton Road, 2.3 miles north of intersection
of same and Angel's road. o -

Principal Species: Pinus taeda, Liquidambar styggctf Ua,
Lonicera japonica, Smilax Spp., Sassafras albs ZZQer

Comments: Pine canopy completely closed. Grognder-
much more sparse. Not nearly so_tang1ed. n
story layer of hardwoods more evident.

Loblolly Pine stand.

Age: 19 years. Area: 47.4 acres.6 Adjacent to and

Location: Christian Co., KY. FC-16. £ same and
north of Angel's road at intersection 0

nay g ) japonica,
PrinC1£§1rSpecies: pinus taeda, Lonicera Jap

3 ; lorida.
Acer negundo, Vitis aestivalig, Cornus i

i due to
n P-7 mainly
SOnments: SomEdhat MUTS dens; z?gsed with some open

: ine Gan ame families,
gggisLonéiiﬂﬁa czver stilg.composed of s
about equal to P-7 in density.
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p-9.

p-10.

Loblolly Pine stand.
Age: 17 years. Area:
Location: Christjan Co. Y ;
north of Angel's rqag at intFC-ZG‘ Adjacent to ang
Patton road. on of same andn
Principal Species: piyy, taeda, Long :
Rhui ?adﬁcazs, Prunus seroting, stzra 4 Sponied,
Commin 3. fugh more open undep Pines tﬁgﬁas albidum,
stands o s age class. Ground co other tyo
Possibly due to army activities Ver sparse.

; ; . Has s ;
pine, Pinus strobus, Tntermixed ome white
at the same number of pojints as gQZEfogz recorded

Loblolly Pine stand.

Age: 32 years. Area: 5,9 acpes.
Location: Trigg Co., KY. 1In Land-between-
Tennessee Valley Authority. Adjacent to and h
of Mulberry Flat road at a point 2.3 miles ea§2Ut

of intersection of same and The Trace.

Principal SQEC1ES: Pinus taeda, Cornus florida, Ulmus
alata, Diospyros virginiana, Quercus albq.

Comments: A1l pines over 30 feet tall. Pine canopy
closed except where hardwoods break it. Ground
cover sparse with dense mat of pine needles. Middle
layer of deciduous trees well developed. Hardwoods
on three sides and a paved road on the other side.

the-Lakes,

Loblolly Pine stand.

Age: 40 years. Area: 3.1 acres.

Location: Montgomery Co., TN. In Dotsonville Community
0.2 miles east of Dunbar Road at a point 1.0 miles
south of intersection of same, and Dotsonville Road.
Owned by John McKinney. _ : .

Principal Species: Pinus taeda, Lonicera japonica,
Symphoricarpos orbiculatus, Ulmus alata, Ulmus
americana.

Comments: Not unlike area P-10, but with much m°;f
tangled undergrowth. Ground cover was morz pr
nounced with the usual families represented.
Surrounded by pasture on all sides.

Loblo1ly Pine stand. g 1 Aeres
; t 3. : , .
ﬁggétigz:ye;gzigoggﬁs Co., TN. In Dgtsg:¥;1;§h$ﬁgmun1 y
0.1 miles south of Chester road §1r$1es oaivth
Haynes Chapel Baptist Church, 0& Dgtsonv111€ voiil.s
intersection of Chester road an
0 raham Haynes. ta, Lonicera
Prinz?gglbgpgcieS: P{nus taeda, Ugm?ZZgiia7 ;
japonica, Rhus radicans, Quercu-r1y dense, tangle
Comments: Pine canopy closed- EZ; indidence of
undergrowth, reflected by hig



H-1.

H-2.

H-3.

H-4.

Lonicera. SUV‘rOUﬂd
area H-2. o by hardWOOds on an Ssid
es,

peciduous woodland.
Mean DBH: 8.64 inches. "
Location: Montgomery Co.€r$§' ?.7 acres,
surrounded by study area p.p C-25, Totally
Princiga1 Sng1eSE Cornus flor%da Q
Lonac?ra Japonica, Sassqfrqg aléiduercus faleatq,
Comments: Entire edge composed of yoﬁm, Rhusg radicansg,
Quercus falecata Was very dominant "gtp1ne stand.
trees included species of Querers i her canopy
but none approached dominance of ’ueiﬁya’ and others,
Cornus onyzda mainly composed the midﬁ?efﬁchta'
layer. Fairly open with sparse ground oliage
small hardwoods. cover except

Deciduous woodland.

Mean DBH: 9.81 inches. Area: 45.¢ acres

Location: Montgomery Co., TN. 1In Dotsonvi i
Adjacent to and between Dotsonville gg;é1lﬁdcgﬂ222;:y'
road near intersection of the two. Directly behind
Dotsonville Baptist Church and Haynes Chapel Baptist
Church. Owned by Graham Haynes.

Principal Species: Carya tomentosa, Carya ovata, Acer
saccharum, Quercus alba, Cornus florida.

Comments: Bordered by paved roads on two sides and
pasture on the others. Fairly dense but still
sparse ground cover other than hardwoods.

Deciduous woodland.

Mean DBH: 11.12 inches. Area: 3.5 acres.

Location: Montgomery Co., TN. In Dotsonville Community.
Directly adjacent to area P-11 to the east, separated
only by a small one acre pasture. Owned by John
McKinney.

Principal gpecies: Quercus velutina, Carya ovata, Carya
tomentosa, Cercis canadensis, Quercus aZba.h

Comments: Small plot bordered by pasture on t f:ﬁ
sides and hardwoods on other. Fairly open Wi

reduced ground cover.

Deciduous woodland. _

Mean DBH: 8.45 inches. Area: 121 acresﬁ_the-Lakes,

Location: Trigg Co., KY. In Land-be§¥eeadjacent to
Tennessee Valley Authority. Directly

and southeast of study area P-10.

tellata, Quercus alba,

Principal Species: Quercus 8t lvatica.
Capga ngta’ quercus velubiiis gySSZrig was sur-
Comments: Undergrowth very reducec. rea was simply

a
rounded by similar habitat. Stug{ o N rilerad
a plot in center of a large forest,

on one side by paved rg?d.



peciduous woodland,

H*3" Mean DBH; 10.55 inches.

Ar‘ea: 41 1

Location: Montgomer‘y Co., TN '1 AaCres
and north of Rose Hi11'pgaq aEC-ZS. Adjacent
west of intersection of & point 0.4 pyql

; sam L
principal Species; Quercysg ve%uigi Palmyra road,
Quercus alba, Acer 8accharum, ¢ 2> Nyssq 8Yylvatieg
Comments: Agother Plot taken f?omoi’ust ridy. s
forest. Bordered by dipt road ont!n €r of large
open but middle folijage 14 one side, Fairly

H-6. Deciduous woodland:

Mean DBH: 9.4 inches. Ayea:

Location: Stewart Co., TN. FC-31.  A3:
BggLh af f:ta’gp?‘”'s Chapel road at 4 gg?ﬁgtotg and
T;ag? West oT 1intersection of same ang Rendevous

Principal ;geCigsz Vyssa sylvaticq
Cornus orida, Lonicera iq o

Comment§: Lower layers wereJmgizzzzasguzzc;ﬁiﬁg%ciﬁa'
species show. Other canopy dominants1nc1udedp
Quercus stellata, Quercus alba, Carya tomentosa
Quercus rubra. Area bordered by firebreaks and
pasture,

Quercus veluting,

3Areas located in Fort Campbell, Kentucky, are
designated by the letters FC with a number following that
represents the specific area within Fort Campbell in which the
area was located. Directions as to Tocation of these areas
follow official topographic maps supplied by the Fort Campbell
Department of Forestry. Directions concerning locations of
areas in Land-between-the-Lakes follow official Tennessee

Valley Authority topographic maps.
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\pENDIX B. SUMMARY OF p
AP UERSITIES OF 12 SLANGED TR USED IN caic
0tV THE NORTHWESTERN HIGHLAND £ STANDS ANCULATING pypyy
OF THE INTER1gR |ouS N(S)SEEII\ES
species A | oW PLATEAUuDs
Species
pinus strobus 6 A s
pinus taeda' o e gubus argutuys
Jmiperus virginiana 4 1 Posa spp.
e v 185 b Erine nguatisors 0
t;iya ovata 11 GZedzi 8eroting ‘ 2
carya tomentosa 3 34| ceret ole Iriacanthos o B
corylus americana 1 31 RObinsacg:Zianis %
i - oacaci
strya vwgvjmarfa 1 ;;Z‘mthus aztisgzzw 8 ¥
Fagus grandifolta 2 us glabra 4
Quercus aibczz 5 44 gzus copallina 8
Quercus ste ata 6 36 IZus radicans 77 6
Quercus prinus eéx opaca 42 12
Quercus rubra 1 2|| Ilex decidua 1
Quercus velutina 3 ﬁg Acer saccharum :
Quercus faanta 22 Acer rubrum 4 20
gzzercus imbricaria 4; Acer negundo .
e o || e serctintan !
er r ) ;
Ulmus aZat;cana 10 15 Vitisezzgiziz';izmnquefoZia G
Celtie lasvigata 4; 19 || Nyssa sylvatica 21 13
gor,zs Pibra 1 Z Aralia spinosa i 43
iziizga pomifera 1 Cornus florida 45 52
Sas endron tulipifera 2 13 Ziesroe VA A
5 Sqfr’as albidum e I Fraxinus americana 6 15
Pzzzldambar otyraciflua 23 7 || Campsis radicans 19 - 1
Amezanus.occidentalis 1 oy iy daponies 175 44
Rubuanchwr anbomed 2 Sy.mphorzcarpos orbiculus 22 &
¢ flagellarie ] Viburnum rufidulum 1
individual totals of each woody

Species
2051tioned
nCOUntEred

4e )
eng;s:geA figures represent
red on 12 pine stands as detecte

points per area.

j Column
on 6 deciduous woodlands using the s
1d (1950).

B represents those totals

imes of
la
Plants and taxonomic order follow Ferna
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