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ABSTRACT

A two year study was undertaken to determine the status and distribution

of the gopher tortoise (Gopherus polyphemus) in 24 counties in southern

Alabama. Habitat characteristics affecting tortoise density were also

examined.

Data on distribution were gathered through questionnaires, personal

interviews and field surveys. Results of the distribution study showed

Baldwin, Butler, Clarke, Coffee, Conecuh, Covington, Crenshaw, Dale, Escambia,

Geneva, Henry, Houston, Monroe and Pike counties to have widely distributed

tortoise populations; Barbour, Bullock, Macon and Russell counties to have only

relict or disjunct populations; and Dallas, Lee, Lowndes, Marengo, Montgomery

and Wilcox counties to have no known tortoise populations.

Data on status were gathered by determining tortoise density per acre on

sample plots in eight habitat types and then determining the acreage of each

habitat type using Landsat satellite imagery. In counties with disjunct

populations, direct censusing was used. The estimated number of tortoises in

the study area was 482,848. Age class structures were obtained by measuring

the width of occupied burrows and using a regression formula for estimating

carapace length and thus age. The state age class structure showed a viable

population.

Two vegetation characteristics, basal area and canopy closure, were

significantly related to population density. Low levels of each were

correlated with higher tortoise density. Burning, thinning, and maximizing

edge were recommended management practices.

Gopher tortoise population status was thought to be stable.
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INTRODUCTION

The apparent decline of gopher tortoise populations has caused growing

concern among conservationists. The only species of land tortoise to occur in

the southeast, Gopherus polyphemus, is limited to six states. Of these six

states, complete protection is offered by South Carolina, Mississippi, Georgia

and Alabama; Florida has a limited season and a specified bag limit while

Louisiana does not restrict the harvest on gopher tortoises at present.

During the last several years, the decline of gopher tortoise populations

has been noted. Bozeman (1971) and Wharton (1978) noted the rapid loss and

alteration of sand ridge habitat, the most important habitat for gopher

tortoises, and presented information on the importance of preserving these

habitats not only for gopher tortoises but also for their ecological

significance. Auffenberg and Franz (1975) documented a decline of gopher

tortoise populations in the Southeast. Possible reasons for the decline in

gopher tortoise populations have been presented by Landers et al (1980) who

showed that gopher tortoises have such a very low reproductive rate that human

exploitation of tortoises has a drastic effect. Landers and Speake (1980)

showed that population densities of gopher tortoises can fluctuate widely in

response to habitat manipulation or neglect.

Sand ridge habitat is not only important for gopher tortoises, but also

for many other vertebrates that use gopher 'tortoise burrows for nesting,

feeding and escape cover. The gopher frog (Rana aerolata) and the indigo snake

(Drymarchon corais couperi) are two reptile species for whom gopher tortoise

burrows seem to .be a critical requirement in the northern part of their range.

Several species of mammals and birds are known to use gopher tortoise burrows,

most often as escape cover. Some arthropod species seem to require the gopher

tortoise as a host or its dung as a medium for survival. Several authors have



noted the diversity of animal life inhabiting tortoise burrows and the

dependence of some species on tortoise burrows for survival (Hubbard, 1894;

Allen and Neill, 1951; Hutt, 1967; Speake et al, 1978, and Landers and Speake,

1980).

The lack of recent data regarding the status and distribution of the

gopher tortoise in Alabama made it important to investigate current conditions

in light of the species' apparent decline.

STUDY OBJECTIVES

This study had two objectives. The first objective was to determine the

general distribution of the gopher tortoise in southern Alabama east of the

Tombigbee River, This includes 24 counties or parts of counties south of the

fall line. The second objective was to determine the current status of the

gopher tortoise in the same area. This included an examination of habitat

parameters as they relate to gopher tortoise density.
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MATERIALS AND METHODS

Questionnaires and Study Area Determination

Initially, questionnaires were sent out to knowledgeable people in each

county. Wildlife biologists, conservation officers, herpetologists, county

agents, soil conservation agents and other people who were likely to have

knowledge of gopher tortoise populations were included on the mailing list.

These questionnaires asked for comments on population trends, habitat trends,

past history, tortoise exploitation, locations of gopher tortoise populations,

and names of landowners or other people who might have knowledge of tortoise

populations (Fig. 1). A map was included with each questionnaire so that

locations could be marked.

Soil conservation offices were visited in each county and inquiries were

made concerning tortoise population occurrence and habitat availability. Areas

in each county which had sand to a depth of at least three feet and preferably

contained a variety of habitat types were delineated on county maps. These

areas were considered sampling areas and were used to conduct sampling of

tortoise densities and vegetation.

After consideration of the information contained in the questionnaires,

personal interviews, and discussion with soil conservation agents, the

24-county study area was divided into three types. Class I counties contained

gopher tortoise populations and habitat that were widely distributed. Class II

counties contained relict or disjunct populations and scattered, spotty habitat

units. Class III counties were those in which no tortoise populations could be

found (Figure 2).

Sampling Scheme

In class II counties we searched each area where tortoise populations had

been reported or where gopher tortoise habitat (sandy soil >_ 3 ft.) existed.



TO:

FROM: Dan W. Speake, Leader, Alabama Cooperative Wildlife Research Unit.

SUBJECT: Distribution and Status of the Gopher Tortoise in Alabama

The gopher tortoise (Gopherus polyphemus) has declined over much of its range,
and is now protected in Alabama. A 2-year study is being conducted.to determine
various aspects of ecologyj status, .and distribution in "the state. Financial
support is provided by the Cooperative Wildlife Unit and the U.S. Fish and
Wildlife Service. ;

It would be most helpful:if you would complete the following questionnaire and
return in the enclosed self-addressed envelope.

1. If you have knowledge of existing locations where gopher tortoises occur
please indicate on the enclosed map, and, if possible, give the land-
owner's name.

2. Do you feel that the | number of gopher tortoises in your county or adjoining
counties is: ;

I ; a. increasing
: b. stable-
; c. decreasing

If c, why do you th ink this is happening?

3. If you are aware of areas that formerly supported gopher tortoises, but
have none now, please indicate these also, and if you know, give the
approximate time and reason.

Figure 1. Alabama gopher tortoise questionnaire 1984-85



; . -2-

4. List names and addresses of persons who might be knowledgeable regarding
the distribution of the gopher tortoise in your county or adjoining
counties. List also :the phone number if available.

5. Use this space to provide any additional information relative to the
status.of the gopher tortoise and/or reasons for its apparent decline.

Thank you for your cooperation.

Dan W. Speake, Unit Leader-
ALABAMA. COOPERATIVE WILDLIFE

RESEARCH UNIT
334'Funchess Hall
Auburn University, AL 36849-4201

Figure 1. Alabama gopher tortoise questionnaire 1984-85 (continued)



Widely distributed populations
Relict or d is junct popula t ions
No known p o p u l a t i o n s

F i g u r e 2 . C l a s s i f i c a t i o n o f 2 4 c o u n t i e s i n s o u t h A l a b a m a ' a s
g o p h e r / t o r t o i s e h a b i t a t .



Observations were made of number of burrows, number of active burrows (burrows

with sign of recent tortoise use) and general vegetation characteristics.

In class I counties, regions delineated by the soil conservation agents

(Sandy soil >_ 3 ft.) were located on standard topographic maps (1:24000).

Within these areas, random sampling locations were chosen from the map before

the site was visited; Upon arrival at the location as many different habitat

types were located as possible. The example of each habitat type nearest to

the point of origin was then sampled. Habitat was divided into the following

categories for sampling: unburned pine/scrub oak, burned pine/scrub oak,

planted pines, clearcuts, oldfields, agricultural fields, pasture, and

corresponding edges for each type.

Plots were systematically located within the habitat types available; edge

plots were centered on the edge and followed it. These plots were belt

transects of one acre. The dimensions were 290 yds. X 16.69 yds (50 ft.). In

areas with limited habitat 1/2- and 1/4-acre plots were used but these were

avoided if possible. In each plot the following items were recorded: plot

number, county, habitat type, harvest occurrence, burn history, number of

gopher tortoise burrows, number of active burrows, number of tortoises. If

there were'open burrows in the plot, the burrows were examined using the MUTVIC

.(Miniature Underground Television Inspection Camera) (Speake and Altiere,

1983). This device enabled us to insert a closed-circuit television camera to

the bottom of the burrows and determine if they were occupied. Burrow length

measurements were made using the camera cable and width measurements were made

with calipers.

Vegetation Analysis

In each plot, two vegetation samples were made. One sample was made 100

yds. into the plot and one 200 yds. into the plot, both samples were located at



plot center. The following vegetation parameters were examined: in a one

square meter plot, understory percent coverage, percent leaf litter, percent

bare ground and the five most abundant understory species; in a ten square

meter plot, midstory percent coverage (0-30?, 30-60%, 60-100% classes), five

most abundant midstory species, overstory percent coverage (0-30%, 30-60%,

60-100% classes), canopy closure, all tree species in overstory by dbh in three

inch classes, and basal area. Understory was defined as vegetation from 0 to 3

feet high. Midstory was vegetation from 3 to 20 feet high. Overstory was

vegetation higher than 20 feet. Percent coverage was determined by ocular

estimate. Canopy closure was measured using a spherical densiometer (Lemraon

1957), and was considered a more precise measurement of overstory density.

Basal area was calculated for each vegetation sample by estimating each tree's

dbh into three-inch classes and using the median value.

Landsat Satellite Imagery !j

• Having measured tortoise density on sample areas of the habitat types, it

was now necessary to estimate the acreage of each habitat type in class.I

counties to obtain an estimate of the number of tortoises. Characteristics and

usage of this remote sensing technique is described by Taranik (1978a), Taranik

(1978b), Graham et al (1981), and Anderson, Wentz and Treadwell (1980). The

system we used makes a scan of the earth every eighteen days with a thematic

mapper out of a geosynchronous orbit. The scanner operates in seven different

wavelengths of light—four visible and three infrared. We used near infrared

because it showed vegetation characteristics more clearly. By making several

passes, the scanner senses light reflectance based on 1/4-acre pixels. Each

1/4-acre of the earth's surface is assigned 1 of 256 gray values based on its

reflectance. These gray values allowed us to separate the following habitat



types based on their spectral signature: unburned pine/scrub oak, burned

pine/scrub oak, planted pine, oldfield, agricultural fields, pasture and

composite edge. -Clearcuts were not included because we considered them to be a

transient stage (1-2 years) leading to planted pine habitat. Habitat was considered

planted pine if pine was a prominent understory and/or midstory component (at

least one foot tall). Edge types were combined because edge plots had similar

vegetation characteristics and thus a similar spectral signature. We assigned

as narrow a range of gray values to each habitat type as possible so that our

population estimate would be conservative. Doubtless, we omitted areas that

were in fact gopher tortoise habitat.

Each plot that we measured was marked precisely on a topographic map

(1:24000). The NASA software used with Landsat imagery includes a program for

georeferencing the data to any scale map. We georeferenced our data to

standard 1:24000 topo maps using known control points. This enabled us to use

Universal Trans Mercator coordinates to locate our plots on the Landsat image

and obtain the correct gray value for each plot.

We then constructed polygons outlining the study area, and measured the

acreage of each gray value within those polygons and thus the total acreage for

each habitat type in class I counties.

Using a plotter connected with the NASA hardware and a NASA program we

were able to construct plots showing type distribution of habitat in our study

area. These plots show each gray value range representing a habitat type in

dots that represent one acre of habitat (Figure 3).

DATA ANALYSIS

In analyzing the data we had three concerns: 1) to determine the

distribution of the gopher tortoise, 2) to derive a population estimate based

on tortoise density per acre multiplied by the acreage of the respective



acre

Figure 3- Example of distribution of gopher tortoise habitat
(planted pine) as classified by Landsat satellite
imagery.
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habitat type,, and 3) to describe each habitat type based on vegetation

variables and to examine these parameters as they affect tortoise density.

To determine the distribution of gopher tortoises we used the information

obtained from questionnaires, interviews, and our field searches. We looked at

counties which had tortoises and determined whether they were limited to

specific areas.

In order to obtain a population estimate we multiplied the number of

gopher tortoises per acre in a specific habitat type by the total acreage of

that habitat type in class I counties and then added our estimate of tortoises

in class II counties. The class II estimate was obtained by surveying all

known populations and using the correction factor of 0.660 tortoises resident

per active burrow observed. We obtained this figure from our sampling of class

I counties by dividing total number of tortoises by total number of active

burrows. •

Description of.each habitat type by vegetation parameters was accomplished

by obtaining the means for understory percent coverage, percent leaf litter,

percent bare ground, raidstory percent coverage, overstory percent coverage,

canopy closure, and basal area for each habitat type. The ten most frequently

occurring plants were recorded for each strata in each habitat type. Multiple

regression (Helwig and Council 1979) was used to examine vegetation parameters

as they relate to tortoise density.

In addition to these concerns we examined age class structure. Landers et

al (1980) noted that gopher tortoises pass through two general life-history

stages before they reach sexual maturity. The juvenile stage lasts until the

carapace is 100-120 mm in length. During the juvenile stage, the shells are

very soft and carapacial scutes usually have distinct yellow centers. This

stage usually lasts from 0 to 5 years of age. Juvenile coloration fades and
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the shells begin to harden during the subadult stage which generally lasts from

5 to 21 years of age. Carapace lengths range from 121 to 250 mm. At sexual

maturity, body volume has drastically increased and sexual dimorphism is

apparent. This occurs at approximately 21 years of age and a carapace length

of 250 mm. Alford (1980) established a mathematical relationship between the

widths of gopher tortoise burrows and the carapace lengths of their occupants.

Alford noted a straight-line regression formula of 0.95 for estimating carapace

length when the width of the burrow is known. Using Alford's equation log,ny =

0.879 log^gX '+ 0.149, where y is carapace length and x is burrow width, we used

our burrow width measurements of occupied burrows to divide tortoise

populations into juvenile, subadult, and adult age class.

RESULTS

Questionnaires and Study Area Classification

A total of 132 questionnaires were mailed out in two groups. The first

group, consisting of 122 questionnaires was mailed in April and May of 1984.

The second group of ten questionnaires was sent out in January of 1985 because

two additional counties had been included in the study. Of the total of 132

questionnaires sent out, 76 were returned constituting a 58% return. We asked

for comments on the status of gopher tortoise populations in. the respondent's

area and the reason for this opinion. Of those responding, 46% thought

tortoise populations were stable, 25% thought they were decreasing, 22% didn't

comment and 7% thought they were increasing. The most commonly cited reason

for decline in tortoise populations was human predation, followed by habitat

loss, use of pesticides and chemicals, and animal predation respectively.

Protection and habitat availability were given as reasons for the increase or

stability of gopher tortoise populations.

Class I counties, those with widely distributed tortoise populations,
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totalled 14. These counties were all grouped in the lower coastal plain

(Figure 2). Class I counties included Baldwin, Butler, Clarke, Coffee,

Conecuh, Covington, Crenshaw, Dale, Escambia, Geneva, Henry, Houston, Monroe,

and Pike.

Class II counties, those with relict or disjunct populations occurred in

the eastern upper coastal plain. These counties included Barbour, Bullock,

Macon, and Russell (Figure 2).

Class III counties, those with no known populations, occurred in the

northern part of the study area and were located in the upper coastal plain, '

piedmont and black belt regions of Alabama. These counties included Dallas,

Lee, Lowndes, Marengo, Montgomery, and Wilcox counties (Figure 2).

Habitat Description and Gopher Tortoise Densities

Vegetation parameters and tortoise densities were measured in class I

counties. Acreage was measured using Landsat data. These results are

summarized in Table 1. The most frequently occurring species for each strata

of each habitat type is given below.

The most frequently occurring understory species in unburned pine/scrub

oak habitat were: yellow jessamine (Gelsemium sempervirens), broom sedge

(Andropogon virginicus), laurel oak (Quercus laurifolia), blueberries

(Vaccim'um spp.), muscadine (Vitis rotundifolia), wiregrass (Aristida stricta),

dogwood (Cornus florida), blackjack oak (Quercus marilandica), honeysuckle

(Lom'cera japom'ca), oak (Quercus spp.), greenbriar (Smilax spp.), Cm'doscolus

stimulosus, wood sorrel (Oxalis spp.), elephant's foot (Elephantopus spp.),

hickory (Garya spp.).

The most frequently occurring midstory species in unburned pine/scrub oak

habitat were: laurel oak, blackgum (Nyssa sylvatica), dwarf post oak (Quercus

margaretta), persimmon (Diospyros virgi'm'ana), turkey oak (Quercus laevi's),

13



Table 1. Summary of variables of eight different habitat types 1n south Alabama, 1984-1985.

Tortoise Understory
Habitat Density/Acre Acreage ITortolses n ^Coverage

01df1eld
Planted P1ne
Burned Pine/Scrub Oak
*Edge

a. 01df1e1d
b. ' Planted Pine
c. Burned Pine/

Scrub Oak
d. Pasture
e. Agriculture
f. Unburned P1ne/

Scrub Oak
g. Clearcuts

Pasture
Agriculture
Unburned P1ne/
Scrub Oak
Clearcuts

0̂62
0.29
0.26
0.26
0.29
0.43

0.58
0.15
0.06

0.67
0.06
0.02
0.00

0.00
0.00

335,611 208,079 21 79
246,738 71,554 17 65
516,698 134,341 34 47
253,047 65,792 129 65

- - 24
7

26

34
18

-
3
17

151,284 3,026 46 72
519,856 0 31 63

328,649 0 10 24
0 51 52

Basal
% Leaf % Bare Mldstory Overstory XCanopy Area
Litter Ground Koveraqe '/Coverage Closure (mVlia)

12 9 0-30 0-30 1.03 0.17

8 27 0-30 0-30 2.12 (J.07
34 19 30-60 30-GO 50.95 4.06
16 19 0-30 0-30 29.13 1.40

14 14 0-30 0-30 0.19 O.OB
3 34 0-30 0-30 0.00 0.00

73 3 30-60 30-60 91.86 10.42
8 60 0-30 0-30 0.00 0.00

TOTALS2,351,883 482,792 339

Understory % coverage, % leaf Utter, % bare ground, % canopy closure and basal area are calculated mean values. Mldstory and overstory % coverage
are reported as most frequently occurring classes.

*Hab1tat 4 1s composite edge. Landsat satellite Imagery could not distinguish between the different types of edge.



blackjack oak, sparkleberry (Vaccinnium anboreum), bluejack oak (Quercus

incana), hawthorn (Crataegus spp.), hickory, magnolia (Magnolia grandiflora).

The .most frequently occurring overstory species in unburned pine/scrub oak

habitat were: laurel oak, southern red oak (Quercus falcata), post oak

(Quercus stellata), dogwood, longleaf pine (Pinus palustris), turkey oak,

blackjack oak, bluejack oak, loblolly pine (Pinus taeda), sweetgum (Liquidambar

styraciflua), water oak (Quercus nigra), shortleaf pine (Pinus echinata), and

maple (Acer spp.).

The most frequently occurring understory species in burned pine/scrub oak '

habitat were yellow jessamine, broom sedge, blueberries, wiregrass, bracken

fern (Pteridium aquilinum), blackberries (Rubus spp.) oak, panicgrass (Panicum

spp.) elephant's foot, lespedeza (Lespedeza spp.).

The most frequently occurring midstory species in burned pine/scrub oak

habitat were: winged sumac (Rhus copalina), southern red oak, post oak,

persimmon, dogwood, longleaf pine, turkey oak, blackjack oak, bluejack oak.

The most frequently occurring overstory species in burned pine/scrub oak

habitat were: southern red oak, persimmon, dogwood, longleaf pine, turkey oak,

blackjack oak, bluejack oak. loblolly pine, slash pine (Pinus elliottii), water

oak, shortleaf pine.

The most frequently occurring understory species in pldfield habitat were:

broom sedge, wiregrass, blackberries, dog fennel (Eupatorium spp.), plantain

(Plantago spp.)> prickly pear (Opuntia compressa), dallisgrass (Paspalum

dilatatum), bahia grass (Paspalum notatum), bitterweed (Helem'um amarum),

Florida purslane (Richardia scabra).

The most frequently occurring midstory species in oldfield habitat were

winged sumac, southern red oak, post oak, persimmon, dogwood, grape (Vitis

spp.), turkey oak, blackjack oak, sparkleberry, bluejack oak.
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The most frequently occurring overstory species in oldfield habitat were:

persimmon, loblolly pine, black cherry (Prunus serotina), shortleaf. pine, black

willow (Salix nigra).

The most frequently occurring understory species in agricultural habitat

were: broom sedge, blackberries, dallisgrass, corn (Zea mays), cocklebur

(Xanthium strumarium), maypops (Passiflora incarnata), soybeans (Glycine max),

peanuts (Arachis hypogaea), sicklepod (Cassia obtusifolia), Florida purslane.-

There were no midstory or overstory species occurring in agricultural

habitat samples.

The most frequently occurring understory species in pasture habitat were:

broom sedge, wiregrass, dog fennel, panicgrass, wood sorrel, crabgrass

(Digitaria spp.), bahia grass, bermudagrass (Cynodon dactyl on), maypops, Florida

purslane, sedge (Cyperus spp.).

The most frequently occurring midstory species in pasture habitat were:

persimmon, dogwood, blackjack oak, loblolly, dog fennel, sweetgum.

The most frequently occurring overstory species in pasture habitat were

laurel oak and sweetgum.

The most frequently occurring understory species in planted pine habitat

were: broom sedge, wiregrass, bracken fern, blackberries, smilax, loblolly

pine, dog fennel, prickly pear, lespedeza, Florida purslane.

The most frequently occurring midstory species in planted pine habitat

were: blueberries, persimmon, longleaf pine, grape, turkey oak, blackjack oak,

sparkleberry, bluejack oak, ragweed (Ambrosia spp.), loblolly pine, sand live

oak (Quercus geminata), huckleberry (Gaylasaccia spp.), red maple (Acer rufarum),

walnut (Juglans m'gra), mimosa (Albi'zia julibrissin), mallow (Hibiscus spp.).

The only occurring overstory species in planted pine habitat samples was

loblolly pine.
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The most frequently occurring understory species irv clearcut habitat were

broom sedge, bracken fern, blackberries, ragweed, loblolly pine, dog fennel,

panicgrass, poor joe (Diodia teres), Florida purslane.

The most frequently occurring midstory species in clearcut habitat were:

winged sumac, dwarf post oak, persimmon, turkey oak, blackjack oak, loblolly

pine, dog fennel, sweetgum, pokeweed (Phytolacca americana), goldenrod (Soldago

spp.).
A

There were no overstory species in clearcut habitat samples.

The most frequently occurring understory'species in edge habitat were:

broom sedge, blackberries, honeysuckle, ragweed, dog fennel, panicgrass,

plantain, bahia grass, lespedeza, Florida purslane.

The most frequently occurring midstory species in edge habitat were:

winged sumac, sassafras (Sassafras albidum), persimmon, dogwood, grape,

blackjack oak, sparkleberry, loblolly pine, dog fennel, wax myrtle (Myrica

cerifera)..

The most frequently occurring overstory species in edge habitat were

southern red oak, sassafras, dwarf post oak, dogwood, longleaf pine, turkey

oak, blackjack oak, loblolly pine, water oak, shortleaf pine.

In the four class II counties we located tortoise populations, observed

the habitat type, and counted the number of active burrows. We then used the

previously mentioned correction factor of 0.660 tortoises per active burrow to

estimate the number of tortoises in these populations.

Several small populations were located in Barfaour county near Elamville

and Blue Springs. The number of estimated active burrows was 15 resulting in

an estimated 10 tortoises. The habitat observed was edge habitat.

In Macon county there was one population north of Society Hill. This

population had an estimated 18 active burrows and an estimated 12 tortoises.
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The habitat was burned pine/scrub oak, and edge.

Russell county had one small population near Hatchechubbee. This

population had an estimated 9 active burrows and an estimated 6 tortoises. The

habitat was burned pine/scrub oak.

In Bullock county there were several fairly large populations in the

southeastern end of the county near Three Notch. In these populations we

estimated 43 active burrows and 28 tortoises. The habitats were edge, planted

pine, and burned pine/scrub oak.

The total number of tortoises estimated in Class I counties was 482,792, •

The total number of tortoises estimated in Class 2 counties was 56. This gave

us a total estimate of 482,848 gopher tortoises in the study area.

Vegetation Parameters and Soils

Using multiple regression, we found two vegetation variables to be

statistically correlated with tortoise density. These variables were basal

area and canopy closure'. Optimum values for these parameters according to-
2

frequency of occurrence of tortoises were: 0-2 m /ha basal area and

approximately 10% canopy closure.

Soil survey data compared with tortoise density showed that soil types

with the highest tortoise densities were: Dothan fine sandy loam (0.5 tortoises

/acre), Alaga loamy sand (0.308 tortoises/acre), Sunsweet fine sandy

loam (0.286 tortoises/acre), Eastis loamy sand (0.27 tortoises/acre),

Orangeburg-Troup association (0.26 tortoises/acre). The following soil types

were the most frequently occurring in our plots: Eustis loamy sand, Lakeland

loamy fine sand, Susquehannah fine sandy loam, Orangeburg-Troup association,

Cuthbert-Bowie-Sunsweet association.

Age Class Structure

We divided gopher tortoise populations into three age class groups. These
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were juvenile, subadult and adult. We examined age class structure of.four

different populations. Population 1 was located on a 7,000 acre area in

southern Georgia that has been protected for twenty years. We used this area

because we could find no areas in Alabama that had been protected as long.

Population 2 was located on the Solon Dixon Forestry Center near Brewton,

Alabama and was known to have been protected for eight years. Population 3 was

located on Blue Springs Wildlife Management Area in Covington county and was

known to have been protected for three years. Population 4 was the state

tortoise population as a whole. Populations' 2 and 3 were known to have'been

heavily exploited before protection. These population structures are given, in

Figure 4.

DISCUSSION

The highest tortoise densities occurred in the oldfield, planted pine,

burned pine/scrub oak, composite edge and pasture habitat types respectively.

Agricultural fields, unburned pine/scrub oak and clearcuts had zero density.

The edges of all habitat types other than oldfields had higher densities than

the interiors. Considering the two vegetation variables that were

statistically significant and their optimum values it seems that tortoises

prefer habitat with some canopy but at a low level, and a low basal area. The

habitats with the highest densities exhibited these qualities (Table 1).

Gopher tortoises seem to require some overstory and a variety of understory

plant species such as would be found in an oldfield but not in a pasture or

agricultural fields. Tortoises are frequently excluded from maintaining

burrows in pastures and agricultural fields by man's activities.

Edge habitat or ecotonal areas appear important to tortoises. In each

habitat type except oldfields, tortoises tended to cluster near the edges.
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Figure 4. Age class structures of 4 gopher tortoise populations
having varying histories of protection from human
exploitation.

20



Oldfields in various stages of succession approximate an ecotonal area. In

general, the more edge available in a given habitat, the higher gopher tortoise

densities occur. Tortoises occurred in the edges of all habitat types sampled,

even the ones with zero density in the interior.

Habitat that was burned had much higher tortoise densities than unburned

habitat. Unburned woods had a dense overstory and midstory and a very sparse

understory. Landers and Speake (1980) showed thinning of hardwoods and winter

burning with intervals of 2 to 4 years to be beneficial. Since forest and

wildlife managers use winter burning on vast areas of the gopher tortoise range,

tortoises are already benefitting. Further research is needed to determine the

effects and practicality of summer burning for gopher tortoise management.

Burned habitat with a low basal area and low canopy closure will usually

have a lush herbaceous growth and still retain some overstory cover. There

will be a variety of understory species, especially in ecotonal areas. Another

factor that may be correlated with tortoise density is the amount of sunlight

reaching the ground. Gopher tortoises tend to lay their eggs in areas that are

exposed to sunlight (Landers et al, 1980). Obviously, the habitat we have just

described has a high amount of sunlight reaching the ground.

There was no definite trend in soil type relating to tortoise.density

other than the fact that if there was no sandy soil available there would be

few if any tortoises. There was no real significant difference in densities of

tortoises in sandy soils that we could detect.

The age class structures of the four tortoise populations showed a

definite trend. In the recently exploited areas the structure was weighted

towards the younger tortoises and about a third of the population was adult

tortoises. In the population protected for twenty years there were more adult

tortoises (59%) and fewer juveniles and subadult tortoises. The state average
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fell in between these two extremes. All populations sampled had juveniles and

sexually mature adults present which indicates recent reproduction.

According to our questionnaire respondents, exploitation and habitat loss

are the most important reasons for the apparent decline in tortoise

populations (Figure 1). After examining our data on age class structure we

feel that the structure for the state as a whole reflects a population that is

recovering from exploitation. The Alabama Department of Conservation and

Natural Resources has protected the gopher tortoise for three years and judging

from our data this protection is having a beneficial effect. Populations that

were known to have been recently exploited showed evidence of reproduction and

had some adults present, but at a lower percentage than the state sample as a

whole.

We feel that since the tortoise is now protected in Alabama, habitat

availability is the primary conservation concern. There is plenty of habitat

available but it needs to be managed if higher tortoise densities are desired.

Burning, thinning, and increasing the amount of edge available are all

beneficial management techniques for tortoises as well as many other wildlife

species. Low overstory density is preferred while maintaining a lush diverse

understory. Gopher tortoises are adaptable, however, and do occur in the edges

of pastures," agricultural fields, and unburned woods. Education of the public

concerning the values of the gopher tortoises to the sandhill community should

be continued.

CONCLUSIONS

Our data reflect a tortoise population that is recovering from

exploitation and that is still present in healthy numbers. The estimated

number of approximately half a million tortoises and the state age class
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structure do not indicate severe problems with the gopher tortoise. Tortoise

habitat does not appear to be deficient and with management the quality of this
/

habitat can be greatly improved. We found no evidence of a drastic decrease in

numbers of tortoises or of their range in recent times.
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