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INTRODUCTION

The gray squirrel (Sciurus carolinensis) is the most widely hunted game 
animal in east Texas (Goodrum 1940, 1961, Baker 1944; Stransky and Halls
1968). Its hardwood and mixed pine-hardwood habitat is being lost as exten
sive acreages are converted to even-age pine plantations, Squirrel habitat 
has also been reduced in east Texas by the clearing of land for pastures and 
by the creation of large reservoirs (Stransky and Halls 1968). Goodrum (1940) 
recognized that, ".... if measures are not taken to protect and encourage the

species [gray squirrel] it wil ultimately be lost as a game animal" Hedrick 
(1973) indicated that the forest management practice of leaving narrow strips 
of natural vegetation (often called "stringers") within pine plantations was 
often beneficial to squirrels and partially offset the detrimental effects of 
other management practices such as timber stand improvement or prescribed 
burning. The importance of stringers for maintaining huntable squirrel popu
lations may be related to the rate at which land is being taken out of natural 
forest habitat in east Texas.

In an attempt to quantify the importance of stringers for squirrels, a 
study was designed to determine the extent of gray squirrel usage of the 
sweetbay magnolia-redbay persea-loblolly pine (Magnolia virginiana-Persea 
-borbonia-ginus taeda) ravines and the adjacent monocultural slash pine (P. 
elliottii) plantations. The usage of these ravines was compared with the 
usage of similar ravines bounded by natural oak-mockernut hickory-red maple 
((fliercus spp.-Carya tomentosa-Acer rubrum) forest habitat. The information 
derived from this study will apply in a general way to any intensively managed 
forest where naturally diverse vegetation interdigitates Into a monocultural 
situation. It will apply in a more specific way to certain "piney woods" re
gions of east Texas and Louisiana.
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STUDY AREA

This work was carried out in 1976 within the Upper Coastal Plain region 
of extreme southeastern Texas, near Toledo Bend Dam. Topographically, the 
region has low rolling hills drained by many small streams. The 25-year 
average annual rainfall was 143 cm, measured at Bon Weir, 53 km south of the 
area. Rainfall was distributed rather evenly throughout the year. The soils 
on the ridgetops and midslopes were generally sand or loamy sand, while allu
vial soil predominated in the bottomlands (Inglis et al. 1976).

The original vegetation of this part of Texas was almost entirely long— 
leaf pine (_P. palustris) forest. Forests were completely harvested by 1930 
and all present stands date from that time or later. A timber type map of 
the area (Inglis et al. 1976) shows a mosaic of pine, pine-hardwood, and 
hardwood stands scattered over ridgetops, midslopes, and bottomlands. Nearly 
all land is still forested, with ownership divided among timber companies, the 
U.S. Forest Service, and local residents. Silvicultural practices vary from 
none to intensive even-aged pine plantation management.

The only vegetative diversity associated with pine plantations is pro
vided by the sweetbay magnolia-redbay persea ravines dividing them. These 
are considered "82 Type" by the Society of American Foresters (1967). Loblolly 
pine is common in ravines, along with hardwood species such as blackgum tupelo 
(Nyssa sylvatica) and American sweetgum (Liquidambar styraciflua). Many species 
of shrubs and vines are present and reduce visibility in the understory and 
midstory strata.

There are still a few stands of relatively unmanaged second-growth pine- 
hardwood forests, or "52 Type", on some of the upland sites. Loblolly pine 
is common in these areas along with hardwood species such as southern red oak 
(Q. falcata), post oak (Q. stellata), red maple, and mockernut hickory. The 
shrub layer is dominated by Piedmont azalea (Rhododendron canescens), farkle- 
berry (Vaccinium arboreum), common sweetleaf (Symplocos tinctoria), and two- 
wing silverbell (Halesia diptera).

Large bottomlands contain American beech (Fagus grandifolia), American 
hornbeam (Carpinus caroliniana), and American sweetgum, as well as loblolly 
pine.

METHODS

Two types of research plots were used for the study. Those designated 
"treated plots" had a sweetbay magnolia-redbay persea ravine down the center 
with well established pine plantations on the adjacent slopes. Those considered 
"untreated plots" included as much undisturbed natural second-growth pine-
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hardwood forest as possible, while maintaining the topographic and edaphic 
features of the treated plots.

Three plots (each 15.36 ha in size) of each type were chosen for 
detailed study. All plots were rectangular, 240 by 640 m, and situated 
such that a stream roughly bisected the plots lengthwise. Each plot was 
measured into grid squares 40 m on each side, thus establishing 96 squares 
per plot. The grid square corners were flagged and numbered for identifica
tion.

Squirrels were live-trapped on a seasonal basis and information was 
collected on individual squirrels. Redwood box traps baited with crushed 
pecans were used to capture the animals. The spring trapping session began 
on 18 February 1976, and ended on 8 April. The summer session lasted from 
17 May to 16 June and from 6 July to 27 July. The hiatus was caused by a 
lack of bait. The fall session lasted from 4 October to 3 December.

Traps were placed within plots according to random X-Y coordinates, 
one trap in every third grid square, 32 traps per plot. The six plots were 
trapped in rotation, and each trap session ended after each plot had been 
trapped for six days. An attempt was made to have all traps in a plot set
2 hours before sunset. They were left open overnight, and then checked the 
next morning, beginning about 2 hours after sunrise.

The captured animals were ear—tagged with numbered monel metal finger— 
ling tags (Salt Lake Stamp Co., Salt Lake City), weighed to the nearest 5 g, 
aged by the method of Allen (1943), and sexed. Each animal was released at 
the point of capture.

At each trap location, regardless of whether a squirrel was captured or 
not, numerical descriptions of the topography of the trap site; the soil type 
and moisture content; type of ground cover; thickness of the midstory and 
overstory vegetation; shrub, sapling, and vine density near the ground; pre
dominant vegetation type; and degree of logging disturbance were recorded.
The effects of these attributes on squirrel capture success were tested 
using appropriate procedures from the SAS statistical package (Barr et al.

Vegetation was sampled using the corrected-point-distance method of 
atcheler (1971). Two classes of woody plants were sampled, overstory and 

midstory. The plants were considered to be overstory if they were more 
than 10 m tall. Midstory plants were 2 to 10 m tall with a stem diameter of 
at least 1 cm. Smaller woody plants and herbaceous species were disregarded.

RESULTS AND DISCUSSION
Treated Plots

The three treated plots were quite similar phytosociologically. The
slash pine plantations were all 15 to 20 years old, and most had been thinned
or burned at least once. The exception to this was the unthinned portion of
lot 2, where a large hardwood component occurred in the southern end of this stand.
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The species composition of the sweetbay magnolia-redbay persea ravines 
was almost the same in all plots. Inkberry holly (Ilex glabra) was the 
dominant plant in the midstory, with Piedmont azalea, blackgum tupelo, red- 
bay persea, and red maple also common. The overstory was dominanted by 
sweetbay magnolia, blackgum tupelo, and loblolly pine.

The major difference between these plots was the extreme density in 
the stringer midstory in Plot 1. Inkberry holly alone accounted for 6,667 
stems/ha, and the total density was 10,002 stems/ha. This compares to a 
total density of only 1,108 and 1,326 stems/ha in the stringers of Plots 2 
and 3, respectively.

Untreated Plots

The untreated plots were less similar than were the treated plots. Plot
4 was composed of seven greatly dissimilar stands, while Plot 5 had two which 
were rather alike. Plots 4 and 6 had sites ranging from quite xeric with 
deep, loose, sandy soil, to hygric bottomlands with soggy alluvial soil. Plot
5 was made up almost entirely of mesic forest with rather well drained loamy, 
sand soil. The vegetation in all plots was generally a random mixture of 
pines and hardwoods, but the most xeric sites were dominated by clumps of 
various oak species. Where the same stand types occurred in different plots, 
the species composition and vegetation density were roughly comparable.

Live-Trapping

There were 32 trap-nights (one trap set for one night) in each plot 
during each trapping day, or a total of 3,456 trap-nights in the 42-week 
research period. A total of 79 gray squirrels were caught 211 times (Table 
1). On all treated plots combined, 27.0 trap-nights were necessary to catch 
one squirrel, and on the untreated plots 12.2 trap-nights were required.

Influence of Stand Type on Capture

The distribution of capture points shows that there was a definite pre- 
ference for certain types and an avoidance of others. In an attempt to quan
tify this selectivity, a "squirrel site index" was devised (Table 2). This 
gave a positive value for stands which were used by squirrels in a proportion 
greater than their area coverage (the "best" or "good" stands), and a nega
tive value for stands which were avoided ("poor" stands).

Of the vegetational types commonly occurring in the treated plots, the 
"best" were the sweetbay magnolia-redbay persea stringers in Plots 2 and 3. 
These stands had midstory densities of 1,100 to 1,326 stems/ha, dominated by 
inkberry holly, red maple, blackgum tupelo, redbay persea, and American sweet
gum. The overstory densities ranged from 440 to 570 trees/ha, dominated by 
sweetbay magnolia, blackgum tupelo, redbay persea, white oak (Q. alba), and 
loblolly pine. This type accounted for 78% of the captures made in the plots, 
although it comprised only 34% of the area. No squirrels were captured in 
stands which had been thinned or selectively cut, regardless of their state 
of regeneration.



Table 1. Number of gray squirrels captured per plot.
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Type of capture
Treated 
1 2

pl0t8
3

Untreated 
4 5

plots 
6 . Total

Individual captures 3 11 5 16 28 16 79
Total captures 6 34 23 39 69 40 211



Table 2. Squirrel site indices (capture % minus area %) by stand type and plot number. 
Positive values indicate a type was used more than the proportion 
of its area coverage. Negative values indicate a type was used 

less than the proportion of its area coverage. Dashes (-)
Indicate a type did not occur in the plot.

Treated plots Untreated plots

Stand Type 1 2 3 4 5 6
Overall
average

Pine-Hardwood +84.3 - - +32.7 -5.4 +26.5 +34.5

Sweetbay Magnolia-Redbay 
Persea -24.2 +37.2 +51.4 -3.6 - +15.2

Beech Bottom - - - - +5.4 i +5.4

Hardwood - - - +5.8 - -7.6 -0.9

Scattered Pines - * - - - -6.3 -6.3

Selective Cut Without 
Regeneration - -14.7 -6.6 - - -10.7

Mixed Pine and Shrub - - - i 1 ro • -12.6

Selective Cut With 
Regeneration -19.3 - - -6.4 -

* -12.9

Unthinned Plantation - -14.5 - - -14.5

Shrubby Regeneration - - - -14.8 - - -14.8

Pine Plantation -40.8 -22.7 -36.7 -7.1 _ _ -26.8
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W. 

M
c
E
l
f
r
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Plots 1 and 4 also contained sweetbay magnolia-redbay persea ravines, 
but no squirrels were ever caught in or near them. Midstory densities in 
these stands were 10,002 and 3,671 stems/ha, respectively, and were greatly 
dominated by inkberry holly. Densities of the remaining species were com
parable to those in the ravines in Plots 2 and 3. The soil in the ravine 
thickets was always soggy and light penetration was poor. Although gray 
and fox squirrels (j5. niger) were never known to come to the ground in these 
areas, they were observed crossing them in the canopy layer.

The squirrel site indices revealed that the most preferred sites in the 
untreated plots, and the best overall, were the pine-hardwood stands. These 
stands had midstory densities ranging from 1,100 to 2,900 stems/ha, domin
ated by mockernut hickory, dogwoods, (Cornus spp.), oaks, and red maple. 
Overstory densities ranged from 360 to 720 trees/ha, dominated by loblolly 
pine, southern red oak, white oak, red maple, and shortleaf pine OP. echinata). 
The pine-hardwood stand type made up 61 percent of the untreated plots, but 
81% of the captures occurred within it.

The non-randomness of the squirrel capture location patterns was tested 
by chi-square procedures. The observed values were found by counting the 
number of captures falling in the "good" and "poor" habitat types. Expected 
values were found by drawing and plotting the X-Y coordinates of an equal 
number of random points and tallying those which fell in the two classes. The 
distribution of squirrel captures was non-random in all plots at a = 0.05 or 
greater. This indicates selectivity between "good" and "poor" types.

The vegetational type maps allowed the determination of the relative 
proportions of "good" and "poor" habitat available to gray squirrels within 
each plot. The treated plots contained an average of 36% good habitat and 
the untreated ones averaged 75% good habitat.

The proportion of "good" habitat corresponds very well with the total 
number of squirrels captured in each plot. This was tested by chi-square 
procedures also. Observed values were the actual number of individuals cap
tured per plot. Expected values were calculated by multiplying the number 
of squirrels caught in Plot 5, the only plot with 100% "good" habitat, by the 
proportion of "good" habitat in each plot. The test gave a chi-square sta
tistic of 9.4 with 5 degrees of freedom (Table 3). The generally low cell 
chi-square values indicate a close relationship between the area of available 
"good" habitat and the number of squirrels. The only exception to this is in 
Plot 1 where the cell chi-square accounts for 63% of the total. The explana
tion for this seems to lie in the extreme density of the inkberry thicket in 
the ravine.

Analysis of the habitat attributes recorded at each trap location shows 
that gray squirrels prefer moderately dense stands. Within the treated plots 
60 percent of the traps were set on spots classified as "open", but only 19% 
of the captures occurred in these traps. In contrast, 57% of the captures 
occurred in the 24% of the traps set on sites with a "moderate" midstory 
density. These stands were characterized by branches of midstory shrubs and 
vines overlapping somewhat, but offered very little difficulty to a person 
walking through them.
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Table 3. Chi-square test of the correspondence between number of 
squirrels captured and area of good habitat.

Treated plots Untreated plots
1 2 3 4 5 6 Total

Observed value 3 11 5 16 28 16 79
Expected value 11.1 10.2 8.8 15.4 28.0 20.0 92.7

Cell chi-square 5.9 0.1 1.6 0.0 0.0 1.8 9.4
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The results were similar when the overstory density was considered.
There were fewer captures than expected in traps set in open sites, and more 
than expected in traps set in stands with a moderately dense overstory. Most 
captures occurred where tree branches overlapped by 1-3 m.

There were no captures whatsoever in situations classified as "dense." 

Population Estimates

The estimated gray squirrel population in the treated plots was 0.80 
squirrels/ha. However, the amount of "good" habitat in the plot had a major 
influence on the estimated overall density of the animals. The density with
in the stringers where the squirrels actually occurred was 2.2 squirrel/ha.
The population estimate for the untreated plots was 1.8 squirrels/ha. Again, 
when the good habitat portions of the plots were considered alone, the density 
was 2.4 squirrels/ha. The relatively low population estimates for the entire 
plots are functions of the plot size, and could be seriously biased simply 
by increasing or decreasing the sizes of the research plots.

The similarity of these density estimates is a strong indication that 
gray squirrels can use long narrow strips of suitable habitat as well as they 
can use broad forests. These densities are much larger than the 1.2 squirrels/ha 
reported by Uhlig (1956), or the 1.5 squirrels/ha reported by the U.S. Forest 
Service (1971) as being sufficiently dense for huntable squirrel populations.

Reproduction

There was less evidence of reproductive activity by females in treated 
plots than in untreated plots. Only one female, in Plot 2, was of adult size 
when captured in the spring and summer trapping sessions. She was not known 
to be lactating until the first week of October. No discernably pregnant or 
lactating females were captured in the other two treated plots.

At least five litters were produced in the untreated plots during this 
study period. Two squirrels were nursing litters in late March, and two 
others were nursing in October. One of the females with a spring litter was 
nursing a second litter of the year in early December.

MANAGEMENT IMPLICATIONS

Inglis et al. (1976) estimated that the sweetbay magnolia-redbay persea 
types of vegetation cover about 31,500 ha in southeast Texas. The approximate 
geographic limits of this vegetation type are the northern edge of the 
Catahoula Formation, west to the Trinity River, south to the coastal Prairie, 
and east to the Sabine River. Presumably the stand types sampled in this 
study were a fair representation of the types occurring in the intensively 
managed forests in this area. Results presented in this paper show how few 
of these types constitute favorable gray squirrel habitat. The pine plantations, 
which make up a large and growing proportion of the region, were the least 
favorable squirrel habitat, while the stringers associated with them, which are 
declining in extent, were quite acceptable to the animals.
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The stringers apparently provide an outlet for squirrels produced in 
excess of the carrying capacity of the bottomland forests. The lack of 
reproduction within the treated plots indicates that the stringer popula
tions of squirrels will not sustain themselves if cut off, (i.e. by estab
lishment of pine plantations) from the larger downstream pine-hardwood 
forests.

The maintenance of relatively thin (50-100 m wide) strips of natural 
vegetation from the bottomlands through the stringers should provide adequate 
habitat for squirrels. Additional research could refine this estimate of the 
necessary width.

In districts where the terrain is greatly dissected by stream drainages, 
it should be possible to provide reasonably satisfying hunting without 
sacrificing much timber production. Not only are the ravines difficult to 
negotiate with heavy logging equipment, they are also poor pine regeneration 
sites. If these were left as fingers of undisturbed mature vegetation within 
matrices of pine plantations, hunters would be able to check several of them 
during a morning's hunt. The public relations value of such a management 
practice should not be overlooked.
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The South is the "wood basket" of the nation and is expected to produce 
a larger portion of the nation's wood and fiber in the future. Southern 
forests are also expected to produce an abundance of wildlife, particularly 
white-tailed deer (Odocoileus virginianus). Deer and places to hunt deer 
are in great demand. Deer are currently abundant in the South, with about 1 
million in Mississippi. There are over 165,000 licensed deer hunters in 
Mississippi, and the legal harvest of deer is about 100,000 per year.

Southern pine timber can be greatly increased by converting millions 
of acres of pine-hardwood forests to pine plantations with intensive plan
tation management (Brewer and Linnartz 1971, Wells and Crutchfield 1974, 
Walstad 1976). These silvicultural practices caused concern among sports
men's groups and wildlife agencies (Speake 1970, Farrar and Brunett 1971). 
The objective of this paper is to present information on the value of inten
sively managed pine plantations as deer habitat.

STUDY METHODS

A study of the effects of intensive pine plantation management on 
deer habitat began in 1971 under a cooperative agreement between Weyer
haeuser Company and the Department of Wildlife and Fisheries, School of 
Forest Resources, Mississippi State University. The projects were financed 
by the Mclntire-Stennis Cooperative Forestry Research Program and Weyer
haeuser Company. The authors wish to thank the graduate students and many 
other people who helped on the projects.

Study areas were located in loblolly pine plantations and natural 
pine-hardwood forests in the interior flatwoods and adjacent hills of Kemper 
County, Mississippi. Soils in the gently rolling flatwoods are silty-clays, 
very acid, and poorly drained. Annual rainfall in the region averages be
tween 50 and 60 inches, and the frost-free period varies from 200 to 230 
days (Pettry 1977).

Three site preparation methods were used in the conversion: mist- 
blown and tree-injected, tree-crushed and burned, and bedded. Spacing of 
the pine seedlings averaged 7 x 8 ft. and the seedlings were hand planted 
from December to March. In addition to site preparation, treatments such as 
control burning, spraying, fertilizing, and thinning were studied.

90
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The amount of deer forage (the green, succulent parts of preferred 
food plants below 5 ft.) was estimated by ranked-set sampling (Dell and 
Clutter 1972). Samples were taken in late summer (July-August) and late 
winter (January-February) from 1974 to 1980. Three natural pine-hardwood 
forests, 75 years old, were also sampled. Beside deer forage (grass, vine, 
forb, and woody), hard (acorn) and soft (fruit) mast, and fleshy fungi were 
studied in the plantations and pine-hardwood forest (Warren 1980). All 
weights presented were oven-dry weights.

RESULTS AND DISCUSSION 
Deer Forage in Pine Plantations - Summer

All plantations, from age 1-9 years, regardless of the type of site 
preparation, had significantly more deer forage than the pine-hardwood in 
the summer. By plantation ages 10—12 years, there were no significant dif
ferences between the amount of deer forage in the plantations and the P-H 
(Table 1).

Plantations site prepared by bedding had the lowest amount of forage,
214 lbs/acre, at age 1. Forage increased significantly the second year, to 
541 lbs/acre, and then generally declined through age 5, averaging 508 lbs/ 
acre. Forage declined at age 6 and significantly at age 7, to 292 lbs/acre.
At ages 8 and 9, forage had declined to the age 1 amount. Significant de
creases in forage occurred at age 10 and 12 by 64 and 51 percent, respectively 
(Table 1).

Plantations site prepared by mist—blowing and tree injecting averaged 
354 lbs/acre at ages 1 and 2 and then significantly increased to an average 
of 495 lbs/acre over the next 3 years. Forage declined over the next 3 
years, ages 6-8, to an average of 357 lbs/acre, which was similar to the 
forage at ages 1 and 2. Deer forage declined at ages 9 and 11 by 38 and 55 
percent, respectively.

Plantations site prepared by tree crushing and burning had 449 lbs/acre 
forage at age 1 and maintained a high amount of forage through age 8, 

averaging 470 lbs/acre. This high level of deer forage, beyond age 6, can 
be attributed to the comparatively poor growth of the pine trees on the plan
tations sampled. Some soil-site factor(s) were thought to be responsible for 
the poor pine tree growth.

Deer Forage in Pine Plantations - Winter

As expected, deer forage in the winter was much lower in plantations and 
in the natural pine-hardwood forests than in the summer. All plantations, 
regardless of site preparation type, had the greatest amounts of deer forage 
at age 1. Forage then significantly declined by age 4 (Table 2).

Pine plantations of ages 1-7, regardless of site preparation type, had 
significantly more (2 exceptions) deer forage than the pine-hardwood forests 
in the winter. The pine-hardwood forests averaged 9 lbs/acre in late winter,
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Table 1. Deer forage (pounds per acre) in late summer in pine plantations of
ages 1 through 12 by site preparation treatments, Kemper County,
Mississippi.

Site
preparation

Plantation age (years)
1 2 3 4 5 6 7 8 9 10 11 12

Bedded A1 B B B BC C D AD AD E E E
214 541 518 478 496 406 292 228 252 91 109 53
a2 a a a a a a a a a a a

Mist-blown A A BC BC B AC AC A D D E
and injected 350 359 452 529 503 427 356 287 179 110 49 -

b b b a a a b a b a b

Tree-crush AB B B B ABC C AB AC
and burn 449 415 401 427 495 564 454 551 -

be be b a a b c b

Pine-
hardwood 68
forest3 d d c b b c d c c a ab a

1Significantly different (ANOVA and Confidence Intervals, P < 0.05) if not fol
lowed by the same capital letter (horizontally, within treatment).

2Significantly different (ANOVA and DNMRT, P < 0.01) if not followed by the 
same small letter (vertically, between treatments).
3Mean of 3 forests, 75 years old, 2 years data (Warren 1980).
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Table 2. Deer forage (pounds per acre) in late winter in pine plantations of
ages 1 through 12 by site preparation treatments, Kemper County,
Mississippi.

Site
preparation Plantation age (years)1 2 3 4 5 6 7 8 9 10 11 12

Bedded A1 A B CD D CE F CD CDF EF F F84 63 45 32 34 23 12 29 20 14 9 4a2 a a a a a ab a a a a a
Mist-blown A AB BC D CD BC E E CDE Eand injected 51 40 30 22 28 31 24 3 9 15 4b b b b a a a a a a a
Tree-crush A A B C D C BCD Dand burn 112 91 64 47 13 34 38 14 _ _ sL _

ac c c c b a a c
Pine-
hardwood 9
forest3 d d d d b b b be a a a a

Significantly different (ANOVA and Confidence Intervals, P < 0.05) if not followed 
by the same capital letter (horizontally, within treatment).
2Significantly different (ANOVA and DNMRT, P < 0.01) if not followed by the same 
small letter (vertically, between treatments).
3
Mean of 3 forests, 75 years old, 3 years data (Warren 1980).
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whereas the average of all plantations at ages 1-4 and 7 was 82, 65, 46, 34, 
and 25 lbs/acre, respectively. Plantations site prepared by tree crushing 
and burning had significantly more forage at ages 2-4 than the other site 
preparation types. Bedded plantations had significantly more forage than 
mist blown and tree injected plantation of ages 1-4.

Deer Forage in Thinned and Thinned-Fertilized Plantations

An 8-year-old plantation was precommercially thinned in February, 1977 
from an average of 732 to 450 trees/acre, and some plots were fertilized 
(329 lbs/acre of urea) in March, 1977. In February, 1978 and February, 197 9 
deer forage was significantly greater on the thinned-fertilized plots than 
on either thinned or untreated (control) plots. By February, 1980, the third 
year after treatment, there were no significant differences between treatments 
(Table 3).

In the August samples, 1977-79, deer forage was significantly greater 
on the thinned and thinned-fertilized plots than on the control plots (Table
3). Forage on treated plots declined 52% in the third growing season, but 
the treated plots still had significantly more forage than the control plots. 
Deer forage decreased with age in the control plots. Blackberry and woody 
plants accounted for the majority of the forage.

Deer Forage in Burned and Burned-Thinned Plantations

Pine plantations can be control-burned and precommercially thinned on 
many sites by age 7, in Kemper County. A 7-year-old plantation was control 
burned in February and thinned in March, 1978. Deer forage in August, 1978 
was significantly greater on the burned plots and the burned-thinned plots 
than on the untreated plots. In August, 1979, the burned-thinned plots still 
had significantly more deer forage than the untreated plots. The burned plots 
had 143 lbs/acre more deer forage than the untreated plots (Table 4).

Deer forage in the winter sample, February, 1979, one year after treat
ment, was higher on the burned and burned-thinned plots than on the untreated 
plots. Two years after treatment the burned-thinned plots had significantly 
more deer forage in February than the untreated plots. The burned plots had 
as much as 5 times the deer forage as untreated plots.

Deer Forage in Control Burned Plantations

Control burning has been an important part of managing pine plantations 
and pine forests. A 5- and 10-year-old pine plantation were control burned 
in February in Kemper County. Burned plots in the 6-year-old (burned at age 
5) plantation had significantly more deer forage in the summer (35% more) and 
winter (43% more) than the unburned plots (Table 5). Deer ate virtually all 
species of plants growing on the burned plots, even many species rated as 
Undesirable forage (Warren 1980).
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Table 3. Deer forage (pounds per acre) on thinned and thinned-fertilized plots 
in a pine plantation at ages 7, 8, and 9, Kemper County, Mississippi,

_____________Treated plotŝ -____________ Control plots
Date Thinned to Thinned-fertilized

sampled 450 trees/acre 450 trees/acre 732 trees/acre

February

1978 21 A a2 36 A b 20 A a

1979 59 B a 98 B b 55 B a

1980 20 A a 20 A a 27 AB a

August

1977 576 A a 648 A a 317 A3 b

1978 579 A a 544 B a 283 A b

1979 291 B a 288 C a 181 A b

^Thinned in February and fertilized, 329 lbs of urea/ac, in March, 1977. Data 
from Brooks (1979) and Campo (1980).
2Significantly different, P < 0.05, if not followed by the same capital letter 
(between years) and small letter (between treatments), ANOVA.

Not significantly different due to unequal number of replications.3
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Table 4. Deer forage (pounds per acre) on burned and on burned-thinned plots 
in a 7-year-old pine plantation, Kemper County, MS.

Treated plots^ Control plots
Date

sampled
Burned-thinned 
350 trees/acre

Burned 
579 trees/acre 579 trees/acre

February

1979 54 A^ a 67 A a 41 A a

1980 41 A a 34 B ab 6 B b

August

1978 544 A a 579 A a 114 A b

1979 555 A a 280 B ab 137 A b

"'’Burned in February and thinned in 
Campo (1980).

March, 1978. Data from Brooks (1979) and

2Significantly different, P < 0.05 
(between years) and small letter

, if not followed by the 
(between treatments).

same capital letter

Table 5. Deer forage (pounds per acre) on burned and unburned plots in two 
pxne plantations, Kemper County, MS.

Plantation Age (when sampled)

Date
sampled

6 years 11 years 12 years
Burned Unburned Burned Unburned Burned Unburned

August 544 a**2 407 b 244 a** 98 b 163 a** 36 b

February 57 a* 40 b 48 a** 7 b 6 a 4 a

First plantation burned at age 5, in late February, sampled at age 6. Second 
plantation burned at age 10, sampled at ages 11 and 12.

Significantly different if not followed by the same small letter, P < 0.01**, 
or P < 0.05*, ANOVA and t-test. Data from Warren (1980).

2
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The burned plots In the 10-year-old plantation, which were sampled at 
age 11, had significantly more deer forage than the unburned plots in the 
summer and winter. The burned plots had 2.5 (age 11) and 4.5 (age 12) 
times as much deer forage as the unburned plots in the summer. At age 11 
there was about 7 times more forage in the winter on burned plots than 
unburned.

Deer Forage and Chemical Brush Control

Many pine plantations in the South have a hardwood regeneration (brush) 
problem, and herbicides are used at plantation age 4 or 5 to release pines 
(Fitzgerald et al. 1973, Walstad 1976). Several herbicides, at different 
rates, were tested in Kemper County in 1975 and 1976. All chemicals were 
applied in late May by helicopter with water as the carrier (Easley 1977).

In 1975, test plots in a 4-year-old plantation in the flatwoods and a 
5-year-old plantation in the hills were sprayed with a variety of rates of 
2-4-5-T and Dowco 233. Both chemicals, and all rates, caused a significant 
reduction in vines (blackberry, dewberry, poison ivy, greenbrier) and forbs 
(aster, goldenrod, lespedeza, beggar-rlice). The amount of desirable woody 
browse (dogwood, plum, haw, blackgum, huckleberry) declined, but not signi
ficantly reduced. Grasses, both desirable (panic grass, spike-grass) and 
undesirable (broomsedge) increased on most test plots.

In 1976, four chemicals, Dowco 233, Silvex, Diclorprop, and 2-4-5-T 
were tested in a 5-year-old plantation in the flatwoods. Vines, mostly 
blackberry, were reduced significantly (77%) by all chemicals and rates.
Forbs and desirable woody browse were also reduced, but the grass component 
increased 44 percent (Table 6).

Some woody and vine stems on the test plots in 1975 and 1976 exhibited 
some new growth or recovery by late summer. Woody plants and blackberry were 
generally beyond the deer's feeding height (above 5 ft.), and the plants had 
become very "tough" in 5-year-old plantations. Killing the top portions 
promoted sprouting, which yielded succulent forage.

The chemical selected for general use in Kemper County was 2-4-5-T 
at the rate of 2 lbs/acre (1/2 gal of "T" in 9-1/2 gal water). This rate 
had not previously been tested, but a similar rate of 1.5 lbs/acre had been 
applied. The lesser rate significantly reduced deer forage in the vine and 
forb categories (Table 7). Areas sprayed with 2 lbs/acre of 2-4-5-T in May 
were observed in October. The plant community consisted mostly of pine 
trees with an understory of broomsedge and spike-grass. Overlapping of 
flight paths (double-dosing) frequently occurred. Deer forage abundance and 
plant diversity had greatly decreased.
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Table 6. Deer forage (pounds per acre) in a 5-year-old pine plantation,
before and after herbicide application, Kemper County,
Mississippi, 1976.

Before Spray1 After Spray 
Plant category (May) (July)__

Woody 66 35

Grass 131 188

Forb 126 66*

Vine 244 55*

■̂ Chemicals used were Dowco 233 (0.5 and 1.0), Silvex (1.0 and 2.0), 
Diclorprop (1.0 and 2.0), and 2—4—5—T (1.0 lb/ac). All mixed in 10 gal 
water. Deer forage was averaged by all chemicals and rates.

*Significantly different, P < 0.05. Data from Easley (1977).

Table 7. Effects of an application of 2-4-5-T (1.5 lbs/ac) on deer forage
(pounds per acre) in a 4— and 5—year—old pine plantation in Kemper 
County, Mississippi, 1975.

Plant category Sprayed plots1 Control plots

Woody 53 94

Grass 89 71

Forb 47 118*

Vine 57 199*

Sprayed in late May. Forage data were combined means of presample (May 
1975), post sample I (July 1975), and post sample II (July 1976), for 
both plantations.

*Significantly different, P < 0.05. Data from Easley (1977).



Pine Plantations and White-tailed Deer 99

Other Types of Deer Forage

Besides forage, deer eat soft and hard mast and fleshy fungi. Soft 
mast (fruit) production in fertilized and unfertilized pine plantations 
that had been site prepared by bedding and tree crushing and burning, was 
studied in Kemper County. Generally, blackberry comprised most of the soft 
mast production in the plantations. Burned windrows in bedded plantations 
had the highest total production, principally blackberry, pokeweed, elder
berry, and sumac. Fruit production was low in 1—year—old plantations then 
increased greatly by ages 4 and 5. Dewberry was productive in the spring 
in younger plantations. Fruit production decreased at ages 6 and 7 and 
greatly declined at ages 8 and 9. Fruit production was greater in fertilized 
than in unfertilized plantations and was very low in sprayed (herbicide) plan
tations. Most soft mast was available in the spring and summer seasons in 
plantations (Campo 1980).

The natural pine-hardwood forests produced a great variety of soft 
mast (Lay 1961, Hastings 1966). Many species of fruit producers, such as 
persimmon, plum, haw, grape, dogwood, huckleberry, etc., were found in the 
pine—hardwoods of Kemper County (Warren 1980). Total fruit production in 
the pine-hardwood forests was not measured, but estimates of 8-10 lbs/acre 
seemed acceptable. Soft mast was available mainly in late summer, fall, and 
early winter in the natural pine-hardwood stands.

Fleshy fungi (mushrooms) are preferred deer food (Miller and Halls 
1969). One species of fungi was very abundant on burned windrows in plan
tations up to age 3, but declined greatly at age 4. Fungi were scarce in 
the plantations. Mushrooms were available on the windrows from October — 
April, with peak production being 0.17 lbs/acre at ages 1 and 2 from January - 
March.

Fleshy fungi were scarce from January - April in the P-H. Mushrooms 
were found in the P-H from July - December, with a peak production of 0.04 
lbs/acre in October. The pine-hardwood forests produced more fungi than any 
plantation or windrow after age 3 (Johnson 1974).

Acorns (hard mast) were a major component of the deer's diet when they 
were available. Acorn production was measured in Kemper County from 1974-78 
and averaged 54 lbs/acre (total production) or 36 lbs/acre (sound acorns) 
(Warren 1980). The combination of soft and hard mast, fungi, and forage pro
duced in the pine-hardwood forests and plantations must be considered in 
evaluating conditions for deer.

Cover for Deer

Cover refers to various types of plant communities used by deer to rest, 
play, hide, escape, bed, feed, give birth to fawns, etc. Cover types needed 
or used by deer are ill-defined, but cover is seldom a limiting factor (Blair
1969). The southern climate promotes dense vegetative conditions and mild 
winters.
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The thickets or "jungles" in plantations provide excellent deer 
cover, for all activities. There is a period of 10-12 months following 
intensive site preparation when cover is inadequate or marginal. Cover 
becomes adequate after one complete growing season. Parts of some plan
tations actually become so dense that deer movement or use is restricted.

Cover is an important feature of deer habitat because most deer 
mortality is man-based, legal and illegal harvest. Hunting in pine plan
tations is much different than in pine-hardwood forests. Poaching is most 
successful in areas with sparse vegetation and numerous roads. Dense vege
tation handicaps poaching, but roads throughout the plantations provide 
easy access to deer and facilitates hunting from vehicles. The real cover 
needed by deer can be provided by closing roads to general use.

Water Requirements of Deer

Deer can obtain water from creeks, pools, ditches or from .the vege
tation they eat. Green, succulent vegetation is available throughout the 
year. The water content of blackberry, greenbrier, honeysuckle, and panic 
grass, averaged 65 percent for all seasons in Kemper County (Mawk 1976).

Water holes for wildlife and small ponds for fire suppression 
(helicopter-bucket system) have been created in plantations in Kemper County. 
The additional sources of water will not increase the deer carrying capacity, 
but might increase deer use of some areas (Zeedyk 1969).

CONCLUSIONS

Deer habitat was adversely affected and benefited by plantation 
management. Plantations, ages 1-9, had more total deer food, forage, and 
soft mast in the summer than natural pine-hardwood forests. Plantations, 
ages 1-7, had more forage (grass, vine, forb, woody) than pine-hardwood 
forests in the winter. However, if soft and hard mast were added to the 
forage in the natural forest, the natural forest would have more total deer 
food in the winter than the pine plantations by age 3.

Intensive pine plantation management can produce good deer habitat on 
a short or long rotation. The "key" work is intensive, which means early 
and frequent disturbance. Silvicultural practices such as control burning, 
precommercial thinning, fertilizing, and commercial thinning must begin early 
and occur often. Decreases in deer forage abundance coincided with the need 
for silvicultural practices. Deer forage declined by plantation age 7, and 
control burning and precommercial thinning were needed. Fertilizing provided 
additional deer forage for a short time. If precommercial thinning is not 
used, a commercial thinning at age 12 will increase deer forage abundance. 
Control burning should be used early and frequently to prevent arson burning 
and promote deer forage abundance and palatability. Less intensive management 
of plantations will produce less forage for deer. Proper planning and posi
tioning of pine plantations will provide a balance of deer food and cover by 
intensive management.
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SOME WILDLIFE HABITAT - FORESTRY RELATIONS 

IN THE SOUTHEASTERN COASTAL PLAIN^

2 /Larry D. Harris and Pamela J. Skoog- 
School of Forest Resources and Conservation 
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Gainesville, Florida

INTRODUCTION

In terms of acreage, forested land is the most important wildlife 
habitat type in the Southeastern U.S. The ten southeastern states have 
an average of 59% of their land covered by forest (U.S.D.A. 1978).   Be
cause sampling procedures and definitions of what is forest vary, esti
mates of total acreage differ considerably (Diderickson et al. 1977,
U.S.D.A. 1978). The most commonly cited figure for total forest land is 
about 81 million hectares. The focus of this paper is limited to the lower 
coastal plain, the narrow band of predominantly yellow pines that extends 
along the coast from South Carolina to Louisiana.

When characterizing the coastal plain forest it is important to 
recognize three distinct levels of hierarchy. The first and overriding 
set of factors that prescribes the nature of southeastern ecosystems is 
regional in scope. Latitudinal, physiographic, climatic, and evolutionary 
characteristics cannot be changed by us and thus we must tailor our manage
ment programs to be compatible with them. The second level of factors in
cludes cultural and historical characteristics that we can change and manage, 
but only at a societal or regional level. The proportion of land forested, 
land ownership and land-use patterns, and faunal characteristics (e.g., pre
sence or absence of large carnivores and exotic species) are examples of 
these. Clearly, the second set of characteristics is subordinate to the first 
since our latitude and climate governs the presence of certain species (e.g., 
polar bears), but the presence of the bears would not affect any of the first 
set of characteristics.

—^Contribution of the Florida Agriculture Experiment Station Journal 
Series.

2/— Present address: Florida Game and Fresh Water Fish Commission, 
Gainesville, Florida 32601.
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Habitat and faunal characteristics that we as individuals can control 
occur at yet a lower level of hierarchy. Although the paper focuses on 
this latter set of habitat characteristics, management activities must be 
constrained by and designed to take advantage of the higher level charac
teristics. We therefore list the most salient of the regional character
istics before describing specific forest management—wildlife relations.
The work reported on here is supported by Maclntire-Stennis funding to the 
University of Florida and The Intensive Management Practices Assessment 
Center (IMPAC), a cooperative research effort between the University of 
Florida, the U.S. Forest Service and private forest industry. We thank 
Mark Elliott for analyzing the data on acorn preference of gray squirrels.

REGIONAL CHARACTERISTICS

Several ecological characteristics of special significance to forest 
management in the Southeast were described by Harris (1980). These include,
(1) a much shorter winter than at high latitudes. In addition to allowing 
soil and water to reamin unfrozen, higher temperatures mean that warmblooded 
animals may exist on only 50—70% as much energy as their northern counter
parts (Kendeigh et al. 1977, Moen 1968). (2) The absence of winter snow 
and about 30% longer winter daylengths than those of higher latitudes (Figure 
1) greatly facilitate food gathering by diurnal species. (3) A forest canopy 
height of only 25-30 m yields a forest habitat volume only half as great (acre 
for acre) as occurs in the northern conifer forest and only one-third as great 
as the western Douglas fir forests. This 3-dimensional aspect of habitat is 
especially important to birds, climbing mammals and reptiles and amphibians.
(4) A high abundance of evergreen, broad-leaved plant species occurring in 
bottomland and upland hammocks. This foliage is not only important to browsing 
vertebrates but also to phytophagous arthropods that constitute a large pro
portion of the food web base for wildlife. (5) A continuity in mast produc
tion throughout all months of the year, not just in the fall. (6) A much 
greater (perhaps 25—fold) decomposition rate of both standing and fallen snags. 
This accelerates the disappearance of dead tree cavities and increases the 
importance of live tree cavities. (7) Only one-third to one-half the density 
(species per unit area) of breeding bird and mammal species as occurs in most 
of northern and western North America. On the other hand, most southeastern 
states have about ten times the number of species of amphibians and reptiles 
as occur in high latitude areas (Figure 2). (8) Unlike most of North America 
where the highest densities of wildlife occur in the summer, highest densities 
of birds are reported to occur in the winter in several Southeastern areas 
(c.f. Robertson and Kushlan 1974, Kennedy 1978). There is also evidence of 
midwinter breeding in all four classes of terrestrial vertebrates in Florida 
and related evidence that winter is not a severe stress period (e.g., we have 
no significant deer browse problem on newly regenerated forest sites).

WHAT IS HABITAT

Before discussing forest management-wildlife habitat relations we must 
first specify what we mean by habitat. A simplistic definition of habitat 
as, "the place where an animal or species lives" will not suffice. Indeed, 
it is one of our main propositions that suitable habitat is much more than
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Figure 1. A comparison of monthly daylengths for the latitudes 32 and 52 .
It is noteworthy that the winter season daylengths are appr. 30% 
longer at 32° than 52°.
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L arry  D. H a r r is

F igu re  2. A com parison o f th e  p ro p o r tio n s  o f th e  v e r t e b r a te  fauna  c o n t r i 
buted  by th e  fo u r  c la s s e s  o f t e r r e s t r i a l  v e r t e b r a te s  in  S u p e rio r 
and O sceola N a tio n a l F o re s ts  (from  S id e r i t s  e t  a l .  1978 and Anon. 
1978).
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simply physical elements. Auditory, olfactory and visual stimuli, as well 
as other subtleties, are frequently essential in the provision of adequate 
habitat. Although some of these are nonmanageable to date, at least we must 
recognize their existence.

For our purposes we wish to note five major components of habitat: 
food, cover, water, reproductive requirements, free space and the simultaneous 
interaction of two or more components. We will treat these in the order given.

Food is an obvious requirement of all wildlife and its necessity in 
habitat seems intuitive. Unlike humans, most wildlife must acquire their 
food daily. Since few food species provide adequate nutrition year round, 
a diversity of food resources must be present within the animal's home range. 
The high diversity of food species tend to require different environments, 
therefore, it is important to maintain a diversity of vegetation community 
types within the home range of the wildlife species of interest. Not only 
must the food be of minimum quality and quantity throughout the year, but it 
should ideally be of relatively constant quality and quantity. Short (1972) 
found that white-tailed deer (Odocoileus virginianus) maintained on a rela
tively constant plane of nutrition throughout the year gained about 30% more 
weight on only 8% greater food intake than those whose diet varied seasonally.

The cover requirements of a species range from simply a place to live 
to highly complex hiding and escape opportunities. Predation levels are 
generally known to be a function of vulnerability, and vulnerability is pri
marily a function of cover. Therefore, when considering a population that 
has been killed out one needs to deliberate on whether it was due to over
hunting or inadequate cover. Needless to say, the cover should be in close 
proximity to the food since animals operate on limited energy budgets.

Water for consumption is required by most wildlife species. Although 
many organisms can obtain enough water from their food to live without actually 
drinking, free water remains a vital component of ideal habitat for the major
ity of wildlife species. Amphibians require free water for reproduction, many 
forest birds and mammals (e.g., eagles and raccoons) forage near it, birds such 
as wood ducks and mammals such as otters require it to live in. Therefore, 
although it may seem trite to list it, free water should be included in any 
appraisal of ideal forest wildlife habitat.

The recent awareness of endangered species has dramatized the need to 
be concerned for the specific reproductive requirements of forest wildlife. 
Short rotation pine plantations may provide abundant feeding habitat for 
birds and mammals but the numerous species that require cavities for nesting 
would not survive long without provision of their reproductive requirements.
As has been shown for white-tailed deer (Harlow and Tyson 1959, Halls 1977) 
and feral hogs (Matsche 1964), the flush of carbohydrates provided by mast 
is probably important to high conception rates in mammals. Most birds, 
expecially the game birds, shift their diets to nearly 100% animal matter 
during the reproductive season.
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The notion of free space being a requirement of habitat is purely 
empirical and to our knowledge has not been documented. Nonetheless, it 
appears that when forest stands become severely undergrown, wildlife popu
lations are reduced. A few species such as brown thrashers (Toxostoma 
rufum), towhees (Pipilo erythrophthalmus) and catbirds (Dumetella carolin
ensis) seek dense undergrowth for escape cover but seem to prefer more open 
areas for feeding and other activities.

The interaction effects of all of the above physical characteristics 
are critical to wildlife, especially when different seasons are considered. 
Harris et al. (1979) and Foster (1979) have noted that different ecosystems 
tend to be phenologically asynchronous in subtropical and tropical regions. 
This means that animal species may find their life requirements in different 
ecosystem types during different seasons of the year. As a consequence, the 
interspersion of different ecosystem types within the normal home range size 
of the species in question is essential to the creation and conservation of 
ideal habitat.

Other types of interaction effects are also important. When dealing 
with warm-blooded organisms there is a certain amount of trade-off between 
food and cover requirements. The maintenance energy requirement of a 40 
kg white-tailed deer exposed to a temperature of 0° C and a 16 kph (10 mph) 
wind is approximately 40% greater than that of the same deer at the same 
temperature with no wind (Moen 1973). Thus, if adequate cover is provided, 
25% less food is required than if it is not. In the event that food sup
plies are limited and the deer cannot find protective cover, is it cover or 
food that is limiting? Many other examples of intricate interactions between 
the essential elements of habitat could be cited but this overview should 
serve to demonstrate that good habitat is very much more than the simple pro
vision of physical elements one at a time.

RECENT CHANGES IN THE SOUTHEASTERN FOREST

Four major changes have occurred in southeastern forest wildlife habitat 
in recent years. These are: (1) a reduction in total forest acreage, (2) a 
reduction in the average acreage of remaining forest stands, (3) conversion 
of hardwood and longleaf pine sites to alternate uses (including forest plan
tations), and (4) intensification of management on remaining pineland sites. 
Each of these four trends will be discussed with regard to its significance 
to wildlife habitat Values.

Forest acreage reduction

A recent analysis of land use dynamics disclosed a reduction in forest 
acreage in the 14 southeastern states from about 86 million ha in 1967 to 
about 76 million ha in 1975 (Diderickson et al. 1977). This 12% conversion 
of forest land to other uses represents a serious impact on wildlife, since 
we judge most other land uses to be of lower wildlife value than current for
est usage.
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Reduction in average stand acreage
A trend of equal significance to wildlife is the reduction in size 

(acreage) of the remaining forest stands. It is well established that the 
number of species inhabiting an area is a power function of the acreage (of 
the form S = CAZ). A review of the literature for patches of forest sug
gests that an exponent value of 0,35 is widely applicable. This means that 
for every 9-fold reduction in stand acreage there will be a 50% reduction in 
the number of bird species inhabiting the area. Moreover, because large 
carnivores and omnivores have very much greater home range sizes than herbi
vores of equal size (Harestad and Bunnell 1979) there exists a strong 
selective force against the larger and/or higher trophic level species. For 
example, a 40 kg panther (Felis concolor) is predicted to have a normal home 
range size more than a thousand times as large as a 40 kg white-tailed deer. 
Irrespective of habitat quality within the stand, if stands are reduced in 
size there will be a reduction in the number of species and a systematic 
change in the type of species present.

Site conversion
A third trend of high significance is the conversion of natural forest 

types to slash and loblolly pines (Pinus elliotti and P. taeda). This has 
involved reforestation of both hardwood sites and former longleaf pine (P. 
palustris) sites. The conversion of bottomland hardwoods and cypress(Taxodium 
distichum) is especially important in the delta states.

The evolution of the flowering plants some 135 million years ago (Jones 
and Luchsinger 1979) represents an unrivalled event in terms of the close, 
obligate interaction between most angiosperms and animals. Although many 
angiosperms are wind pollinated and have wind-dispersed seeds, most hardwoods 
produce mast. As noted earlier, the insect pollinators constitute the food 
web base for the majority of vertebrates. The vertebrates function directly 
with the hardwoods in seed dispersal. The cpevolution of the flowering plants 
and attendant animal pollinators and seed dispersers is the fist major reason 
for the generally higher wildlife abundance and diversity in hardwoods versus
pinelands.

The second distinction between hardwoods and the pines is the funda
mental difference in branching patterns. Along with the generally greater 
foliage height diversity (i.e., vertical distribution of foliage) of most 
hardwoods, their abundant lateral branching provides increased feeding and 
resting surface for both invertebrates and vertebrates. Hardwoods and cypress 
are also fundamentally different from pines in the greater prevalence of 
cavities. Unlike the hardwoods, the self-pruning attributes of pines causes 
cavities to rarely form at points of branch abcission or minor injury. This 
means that while live hardwoods frequently possess naturally formed cavities, 
live pine trees usually only possess those excavated by animals. Since the 
red-cockaded woodpecker (Picoides borealis) is the only vertebrate species 
in the southeast that excavates cavities in live wood, its ecological role 
is amplified. This cavity excavating role is even more important in the lower
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coastal plain where: (1) about 30% of the pineland breeding bird species 
and 20% of the individuals are cavity nesters (Rowse 1980), (2) the decom
position rate of dead snags is rapid (Olsen 1963), and (3) few caves exist 
for bat habitation and so they exert added competition for cavities. For 
these reasons, it is important to conserve as much acreage in hardwoods 
as possible if wildlife is indeed a management consideration.

It should not be concluded from the above that all hardwood species 
are of equal value, either as foraging areas for birds or mast producers. 
Special attention should be paid to those species that produce their mast 
distinctly earlier or distinctly later than the majority (see Harris et al.
1979 for chart). Similarly, certain species such as the hollies (Ilex spp.), 
cabbage palmetto (Sabal palmetto), American beautyberry (Callicarpa americana), 
muscadine grape (Vitis rotundifolia), and certain briars (Smilax spp.), hold 
their berries for long periods making them superior to those that drop their 
mast quickly. Finally, consideration should be given to preference if the 
mast is to be of maximum value to wildlife. Studies at the University of 
Florida suggest that the tannic acid content of acorns from seven common oak 
species varies from about 20% to about 75% (Figure 3). With the exception 
of Quercus incana, gray squirrel (Sciurus carolinensis) preferences for these 
acorns were found to vary inversely to the percent tannic acid contained by 
acorns.

Just as different hardwood species are of varying importance to wildlife, 
there is also some evidence that the conversion of former longleaf pine sites 
may be detrimental to wildlife habitat values. It is estimated that the ori
ginal 24 million ha of longleaf has been reduced to less than 4 million ha.
Some of the reasons for concern about wildlife habitat values are as follows. 
Because longleaf is more variable in its emergence from the grass stage, the 
height growth is much less uniform than the other yellow pines. Longleaf also 
seems to be much more expressive of dominance. This means that when grown 
in dense stands, a few trees are able to attain dominance while nearby neigh
bors are suppressed to varying degrees. These two factors combine to create 
highly non-uniform vertical growth and this in turn contributes to foliage 
height diversity, a key predictor of bird species abundance (MacArthur and 
MacArthur 1961, MacArthur et al. 1962). The branch and leaf distribution on 
individual longleaf trees also seems to be generally more dispersed than that 
of the other yellow pines and this is believed to greatly enhance foraging 
habitat.

Two characteristics of longleaf seeds are of special value to ground 
feeding seed-eaters such as bobwhite quail (Colinus virginianus), turkey 
(Meleagris gallopavo) and several small mammals. Longleaf seeds are about 
three times as large as the other yellow pines and unlike the other pines, 
they maintain their wings for weeks after falling to the ground. These two 
characteristics presumably make longleaf seeds more desirable and easier to 
find as food items.
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Figure 3

Gray Squirrel Preference

Gray squirrel preference for common species of acorns as a 
function of percent tannic acid in the kernel.
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Finally, two small (admittedly inadequate) studies in north Florida 
indicate that longleaf terminal shoots support significantly more arthropods 
(15 times more) than comparable shoots of slash pine. The fact that longleaf 
pine has only two major cortical resins (*- and β- pinene), whereas slash 
and loblolly pine have three more (myrcene, limonene, β- phellandrene,
Anthony Squillace, pers. comm.) may be the reason for this difference. Con
siderably more data are needed to test the validity of the above notions and 
we pose all of them as testable, falsifiable hypotheses.

Intensification of management on pineland sites

The effects of more intensive pine management practices on wildlife 
are summarized elsewhere (Harris et al. 1974, Harris and Smith 1978). The 
overall effects can be categorized into two principal kinds of change. In
creased dominance by relatively young age-classes (less than 25 years) of 
planted pines seems to decrease within-stand diversity. The elements of 
habitat diversity include foliage height diversity; heterogeneity or patch
iness of ground level vegetation; structural diversity of the trees and the 
stand in general; diversity of perching, feeding and nesting sites provided 
by standing snags, cavities and dead wood; and within-stand diversity of food 
plant species and food types (Harris et al. 1979). The second major kind of 
change involves the quantity and distribution of forage available within 
plantation stands. This is the point of focus to be discussed here.

The amount of light penetrating the canopy and reaching the ground level 
is the main determinant of understory plant growth. This can be affected by 
canopy and/or midstory vegetation density or the amount of litter occurring 
on the site. There appears to be a clearly inverse relation between planta
tion age and within-stand light intensity (Jensen 1962, Anderson et al. 1969). 
Halls (1955) observed that the build-up of pine straw in southern pine plan
tations significantly reduced understory vegetation growth.

Before meaningful generalizations can be drawn from existing data, 
certain terms must be clarified. Vhile some studies report the amounts of 
grass, forbs, sedges and shrubs separately, others report the total understory 
vegetation response. When assessing habitat quality for a particular wildlife 
species, it may be important to separate the categories on the basis of "pre
ferred" and "not preferred." Because of the greatly different growth responses 
of both pines and understory vegetation, it is important to distinguish be
tween sites that were formerly cultivated and those that were not.

Data from three independent studies in flatwoods pine plantations in 
north Florida suggest that rather common responses occur (Jensen 1962, Ball 
et al. 1979, Skoog 1980). Available evidence suggests that old field sites 
(formerly cultivated) generally yield greater pine growth and less understory 
growth than non-cultivated sites. Depending on the amount of site preparation 
involved, peak understory biomass (all categories combined) occurs between 
years two and eight (Figure 4). Intense site preparation tends to delay the 
time of peak response. Because of the different amount of time required for 
invasion and/or regrowth, sedges and forbs tend to peak very early in the ro
tation age (perhaps by year 2), grasses tend to peak slightly later (years
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Figure 4. Understory live biomass of slash pine plantations in north 
Florida as a function of the age of the stand.
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2-4) and shrub biomass peaks still later yet (years 5-8). In the absence 
of prescribed burning, shrub biomass is probably limited by pine canopy 
closure, root competition and the sometimes heavy build-up of pine straw on 
the midstory vegetation.

Because a species such as white-tailed deer consumes varying amounts of 
the above forms of vegetation, the "preferred" deer food response may be 
different from all of the above. Our north Florida flatwoods data suggest 
that the biomass of "preferred" deer food peaks about the fifth year after 
planting on old field sites but somewhat later on uncultivated sites (Jensen
1962, Skoog 1980). In all cases there is a general inverse relation between 
the relative abundance of live understory biomass and pine biomass through 
the first 20 years of plantation age.

Skoog (1980) monitored tracks to index deer abundance in different 
aged plantations and concluded that deer were about three times as abundant 
in 10- to 15-year old plantations as in any other plantations studied (up 
to 35 years old). This probably results from the combination of relatively 
abundant food and good cover provided by the middle aged stands. Another 
explanation might be that the proportion of "preferred" deer food plants (re
lative to live biomass) also peaked in this age class of plantation.

One additional aspect of overstory-understory relations alluded to 
earlier requires clarification. The three-dimensionality of forest stands 
is important for several reasons. It is noteworthy that the amount of ver
tical separation between the canopy and the ground vegetation influences the 
biomass and growth of the understory. Any given percentage of canopy closure 
at a low level (e.g., 3 m above ground) will suppress the ground vegetation 
to a greater degree than the same percent canopy closure at a much higher 
level (e.g., 30 m). For this reason the simple rules-of-thumb regarding under
story vegetation as a function of crown closure, basal area or standing tree 
volume are meaningless without specifying the height of the crown. We be
lieve that the reflection and refraction of light in the space between the 
canopy and the ground facilitates understory growth and contributes positively 
to wildlife habitat values. For this reason, species such as cabbage palmetto 
(Sabal palmetto) that grow high above the ground are probably superior to saw 
palmetto (Serenoa repens) in terms of wildlife habitat value even though both 
are good producers of desirable mast. The use of fire to inhibit a dense 
growth of bushes and shrubs serves a function in this regard.

DESIGNING WILDLIFE HABITAT MOSAICS

There seems little doubt that fiber demands and the free enterprise 
system will dictate increased use of short rotation, even-age stands of pines 
in the future. Because even further intensification of pine culture on pine 
sites is probable, we believe the greatest potentials for integrating fiber 
and wildlife values exist at the landscape level. We refer to this as among 
stand management as opposed to the within stand considerations cited above. 
Rather obvious decision variables include stand size, shape and placement 
relative to other planted stands as well as natural vegetation communities 
and cultural artifacts such as roads, powerlines, etc. It is at this level
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of integration that the wildlife management principles of interspersion, 
juxtaposition, and edge effect come into play. As described elsewhere 
(Harris and Smith 1978, Harris et al. 1979), the basic notions of synergism 
versus antagonism must be considered when designing long term forest mosaics.
In addition, we believe there are fundamental topographic guidelines that 
can be used to our advantage if we choose to abide by them (Harris and Kangas 
1979). We discuss our research findings on the edge effect to illustrate a 
simple proposition regarding stand placement.

When a clearcut is located within a fully stocked mature stand, a 
vertical face is created around the clearcut. When the site is replanted 
and growth occurs, the face is transformed into an interface. Before one 
can optimally schedule the placement of stands next to one another (i.e., 
schedule the location of clearcuts) we must know the relative value of the 
faces and interfaces. In an initial attempt to assess this we designed an 
experiment to measure breeding bird densities under two such conditions 
(McElveen 1978). Simply put, we found that the sharp faces surrounding small 
cypress stands supported greater breeding bird densities than did the inter
faces between similar cypress stands and surrounding 7 m high planted pines.
We conclude from this and related work that wildlife values are in some way 
proportional to the amount of drama or difference in complexity between the 
two adjacent stands. A second example will further explain the proposition. 
Consider that we appraise the relative magnitude of the edge effect of a 
one-year old stand of slash pine planted in the middle of a pasture. Because 
the ground vegetation of the young stand would provide both food and cover 
requirements for small species such as bobwhite and because there is rela
tively little edge "drama", the value of the edge effect would probably be 
small. As the stand matures and goes on to break up due to pitch canker 
(Fusarium lateritium), fusiform rust (Cronartium fusiforme), lightning, 
beetles and wind-throw (at a relatively young age) the value of the edge will 
probably again be reduced because of the abundant openings and diversity of 
structure and species within the stand. We conclude from this scenario and 
data such as those of Gepp (1976) that the relative value of the edge effect 
will be maximum when the plantation is maximally different from the surrounding. 
This will occur at about the same time as the economically derived rotation 
age or just before (Figure 5). Many more data are required before we can be 
confident of these propositions but we are progressing along these lines. If 
the above analyses are correct they imply that the stand to be cut should be 
located next to a stand that is 60-70 percent of the rotation age.

Similar arguments (based on equally limited data) are being developed 
for the guidance of stand shape, size and related parameters. The basic need 
is not one of scheduling algorithms nor intent but simply conclusive data col
lected in a maximally useful manner. It follows that our single most limiting 
resource is a stable funding source for multiple-use research.

In summary, forest/wildlife management activities must be constrained 
by, and yet designed to take advantage of, certain regional characteristics. 
Wildlife habitat is comprised of several components, all of which require con
sideration for successful management of a species. Changes have occurred in
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Figure 5.
Plantation Age

Postulated relative importance of the plantation edge to wildlife 
habitat values as a function of pine plantation age in the lower 
coastal plain (assume standard planting density of 1730 trees/ 
ha.) .
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the southeastern forest that have affected wildlife habitat including a 
reduction in the total and average acreage of stands, loss of hardwood and 
longleaf acreage, and intensification of management. Studies have shown 
how certain wildlife species respond to these changes. The greatest poten
tials for integrating timber and wildlife values may exist at the landscape 
level.
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