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 Observations on Ornate h x Turtles
 (Terrapene ornata ornata Agassiz)

 EDNA METCALF and ARTIE L. METCALF

 Dexter, Karlsas, and Departxnent of Biology, The University of Texas at E1 Paso

 Intoducfion
 Observations concerning the Ornate Box Turtle, Terrapene ornatow

 ornata Agassiz, were made chiefly in the years 1957-1969, in southeastern

 Cowley County, Kansas, in the tall grass prairie region of the Flint Hills
 in Sections 4 and 5, T. 34 S, R. 7 E. Most data were obtained within a

 "study areaa' approximately 600 X 600 feet, centered around a point 1/4
 mile south of the center of Section 4. The study area comprised a farm-

 yard, gardens, an orchard, and, on the east, a strip of pasture. The study
 area was bounded on the east by a farm pond, irregular in shape and

 fluctuating in size, but averaging [d. 150 feet in width at the dam and
 {d. 300 feet in length. Pastures east of the pond and soui of ie sdy
 area were virgin prairie with grasses predominantly of the genera

 Andropogon and Bogteloga. On the west and north, the study area was

 bordered by Selds that were cultivated during the years 1956-1964, but
 were reverting to grassland in the years 1965-1969. Although the sur-

 rounding pastures and fields were almost treeless, there were many shade

 and fruit trees within the study area, where various kinds of fmits and
 vegetables were produced. In some instances, turtles were transported

 to the study area from other parts of the sections noted above. These
 areas were termed "peripheral areas" and are discussed further below.

 Methods and Materials

 Many turtles were found incidentaIly as a result of routine farm

 work being conducted, although more systematic searches were made from

 1966 to 1969. Turtles were numbered, marked, inspected, measured, and

 released. Turtles were numbered consecutively, as taken, and are referred

 to herein by the original number applied. Longest and widest dimensions

 of the plastron were recorded. Coded notches filed into marginal scutes
 of the carapace were used in identification. For easy, temporary identih-
 cation, adhesive tape bearing the number of ffie turtle was applied to the
 carapace; this usually remained legible for two or three months. As an
 added check, sketches were made of the pattern of yellow markings on
 the right costal scute immediately posterior to the anteriormost costal. Of
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 the 650 scutes sketched, no two seemed identical. In adult turtles
 observed for periods up to iirteen years, there was little change in the
 pattern of these scutes. However, on younger, growing turtles peripheral
 increments to the scutes added new elements to the pattern, although
 identification was still possible in many specimens. Many turtles possessed

 distinctive areas of injury to the shell; such injuries made several of the
 turtles from the study area recognizable on sight and some of these were

 * s

 even glven nlcKnames.

 Turtles were sometimes traced by thread laid down by trailing devices
 constructed in the manner described by Legler (1960:538, Pl. 27).

 Number 40 white cotton sewing thread was used with these devices.

 Turtles Observed Wlthin the Study Area

 From May, 1957, to November, 1969, 167 different turtles were

 taken in the study area. One hundred of these were taken only in one
 year (89 only one time). Thirty-five turtles were seen in two different
 wrears. The 32 individuals observed in more than two years are listed
 in Table 1.

 Special attention was gisren twelve turtles that were taken in five or
 more years. Five of these (Nos. 1, 9, 16, 24, and 73) were males and

 seven (Nos. 2, 3, 4, 21, 47, 60, and 77) were females. In plastral
 length these turtles ranged from 11.3 to 13.0 cm and in width from 6.3

 to 7.7 cm, when first taken. Plastral dimensions of five individuals

 (Nos. 1, 16, 21, 24, and 47) increased one to six mm during the period
 of study. No. 47 displayed the greatest increment, growing from 12.1 X
 7.0 cm on Sept. 9, 196z, to 12.7 X 7.2 cm on July 8, 1969. As growth
 was lacking in the other seven turtles, they were judged to be fully
 mature.

 A11 of the twelve turtles seemed to have suffered accidents, indicated

 by missing patches of epidermal lamina, presence of Sssures in the shell,
 and notches broken in the margin of the carapace or plastron.

 Five of the twelve turtles died during the period of study. Nos. 16

 and 21 were killed by a power lawn mower. No. 21 contained eggs
 averaging one-half inch in diameter when killed on June 19, 1967. No.
 2 was killed by a disk harrow. On April 26, 1968, No. 9 and on April
 8, 1969, No. 24 were found dead; both were in a state of decay, but
 with head and legs intact.

 The number of new turtles observed in the study area and the total
 number of sightings in a season varied, with 1963 being lowest with only
 two new turtles recorded and a total of 17 sightings (some individuals
 seen more than once) and 1966 being highest with 37 new turtles
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 recorded and a total of 86 sightings. The reasons for this variability are

 not clear. :For the months April to October, the years 1963 (with 19.6

 inches) and 1966 (with 2().45) inches had the lowest precipitation for

 thcz twelve years considered here. ThLls, no simple relationship between

 precipitation arld number of sightings is suggested.

 Home Range and Patterns of Movement

 lData relating to hc)me range consisted (a) of records of isolated

 sightings and (b) of data from string laid down by trailing devices.

 Observation records listed in Table 1, indicate the persistence of a

 number Qf turtles within the study area or recurrent visits to it. Nos.

 Table 1. List of Ornate Box Turtles observed in more than two years in the study area,
 with number of observations per year and total number of observations for each
 individual. Asterisk indicates death of turtle in year indicated. Periods of time in
 which turtles were being trailed are accounted as one observation.

 No. of No. of observations by year Total

 turtIe 1957 1958 1959 19601 1961 1962 1963 1964 1965 19!66 1967 1968 1969 obs.

 1 5 9 5 5 5 :lO 4 5 2 6 3 4 65
 7 7 8 2 4 38 24

 3 13 7 4 12 1 :: 9 1 11 3 2 9 9 70
 4 3 2 3 2 4 2 1 4 21

 G 1 . 1 2 4

 7 1 1 1 1 4

 8 1 7 2 1 1 1

 9 l 1 6 1 1* 10

 0 1 2 2 5

 1 4 1 1 1 :?

 16 1 1 1 1 1* 5
 21 1 1 1 3 2 4 7* 19

 24 1 3 3 1 1 1 2 3 12 6 18 34
 47 1 1 2 1 S 10

 60 -- -- -- 1 1 1 6 1 3 1 14
 67 1 1 1 1 4

 73 1 1 1 4 1 2 10

 74 1 3 1 . S

 76 . 1 3 1 5
 77 4 2 3 7 4 7 27

 8 1 1 1 1 3
 82 1 2 1 4 8
 86 1 1 6 2 10
 144 2 2 2 6

 154 . 2 1 1 2 6
 155 4 1 2 2 1 6

 167 . 2 4 1 7

 211 1 1 2 4

 234 1 7 3 S 16
 270 -- -- 2 1 2 5

 295 . 1 1 1 3

 422 1 5 6 12
 _
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 1 and 3 were recorded in the study area during 13 years. No. 1 instigated

 interest in this project. In September, 1956, a turtle was observed emerg-

 ing on several consecutive mornings from beneath the elevated floor of a

 porch of the farmhouse in the study area ("H" in Figs. 1r). The turtle

 was marked and was observed emerging from this same place on three

 subsequent mornings. During the years 1957-1966, this turtle was

 observed 28 times within 25 feet of the original site of observation.

 The maximal distance between peripheral points visited by six

 turtles that were trailed in and near the study area were as follows: a. 465

 ft. (No. 1, male, 11.8 X 6.3 cm, trailed May 25-29 and July 22-Oct. 24,

 1967); b. 430 ft. (No. 3, female, 12.1 X 7.0 cm, trailed May 23-June

 26 and July lGOct. 8, 1967); c. 870 ft. (for No. 3 in a second trailing

 period, May 17-June 7 and June 13-23, 1968); d. 885 ft. (No. 60,

 -

 10 f t.

 Fig. 1. Travels of Turtle No. 1, July 22-August 29, 1967, in a part of the study area.
 Letters employed in Figs. 1-4 indicate: A B, C = openings in fences; G-1, G-2 = gardens;
 11 = farmhouse; M = mulberry tree; S = Spiraea shrub.
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 female, 12.4 X 7.2 cm, trailed Sept. 22-Oct. 19, 1966); e. 725 ft. (No.

 234, male, 11.9 X 6.9 cm, trailed Sept. 2()-Oct. 19, 1966); f. 560 ft.

 (No. 247, male, 10.9 X 6.5 cm, trailed Apr. 20-May 15, 1969); g. 240

 ft. (No. 422, male, 11.3 X 6.5 cm, trailed May 13-29, 1969).

 Most data on movement were derived from observations on two

 turtles, No. 1, a ma]e, and No. 3, a female, mentioned above. Although

 there was some overlap in the home ranges of Nos. 1 and 3 during

 trailing periods (especially in Garden G-2), that of No. 3 extended

 farther tD the south and west and that of No. 1 farther to the east (Figs.

 1-4) .

 During the period July 22-August 29, 1967, movements of No. 1

 (E;ig. 1) were concentrated in Garden G-1, along the roadway and

 fencerows east of G-1, and in the pasture up to 40 feet east of the

 fencerow. He regularly travelled along certain "pathways" in this area,

 especially in Garden G-1 and along the fencerow (see Fig. 1). Between

 August 30 and October 3, there was a decided shift eastward of his

 area of activity, with movements concentrated in the eastern part of the

 _ '°"' 1=al <v /

 Fig. 2. Travels of Turtle No. 1, August 30-October 3, 1967, in a part of the study area.
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 pasture adjacent to the pond (Fig. 2). Here also, certain "pathways"

 were frequently followed (see Fig. 2) and certain sites (such as "X" in

 Fig. 2) were frequently visited. During this time, he returned to gardens

 G-1 and G-2 seven times (usually remaining overnight) and on Oct. 4,

 he returned to and remained in these gardens until hibernating on Oct. 24.

 Between May 23 and June 26, 1967, the movements of No. 3 (Fig.

 3) were mainly restricted to gardens G-1 and G-2 and intervening areas,

 except for one trip 140 feet southward from G-2. No. 3 was not trailed

 between June 26 and July 14; however, in the period July 14 to October

 8 (when she hibernated), she also showed a preference (Fig. 4) for

 these gardens, although making another trip to the south and one to the

 northwest. Turtle No. 3 moved far less, in total feet, than did No. I

 during the months of July to October, 1967. However, during periods of

 trailing in 1968, No. 3 more than doubled (to 870 feet) the maximum

 Fig. 3. Travels of Turtle No. 3, May 23-June 26 1967, ln a part of the study area.
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 distance between peripheral points of her home range. During 1968, No.

 3 travelled 510 feet northwestward from the northwesternmost point

 reached during the trailing period of 1967. The travel pattern of No. 3

 in 1968 suggested utilization of two home ranges as in the case of a

 female Carolina Box Turtle observed by Stickel (1950:369, 371). In a

 trailing period, April 22-May 16, 1969, No. 3 spent 13 nights in Garden

 G-2 and ten nights in the orchard, northwest of G-2. She did not enter

 Garden G-1 during this period.

 In the study area, Nos. 1 and 3 frequently moved between gardens

 G-1 and G-2 and, at such times, consistently travelled north, instead of

 south, of the house (H in Figs. 1-4). This pattern of movement necessi-

 tated passing through garden fences of woven wire that were closely

 appressed to the ground and intergrown with grasses (mainly Bermuda

 grass) and other plants. These fences were inpenetrable to turtles except

 at a few places. Usually a turtle, travelling perpendicularly to a fence,

 Fig. 4. Travels of Turtle No. 3, July 14-October 8, 19671 Tn a part of the study area.
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 hrst approached the fence at the passageway witllout noticeable alteration
 of its path. Occasionally, however, a turtIe would Erst encounter a fence
 a few feet from the apertute, in which case it followed the fence. If
 the turtle turned towards ie aperture, it readily found it, but if the

 turtle turned in the opposite direction, it would walk along the fence
 several feet, testing frequently, and then reverse its direction; where-
 upon it usually located the aperture on this attempt. A passageway

 through the fence (C in Figs. 1>), seven feet south of a mulberry

 tree ("M" in Fig. 1), along the west side of Garden G-1 was regularly
 utilized by both turtles on trips between gardens. This aperture was

 one foot long and four inches high and seemed to be the only passage-

 way used on the west side of Garden G-1.

 In 1967, two openings were utilized by Nos. 1 and 3 in entering
 and leaving the fence surrounding Garden G-2: one (B in Figs. 1-4)
 was six inches long and four inches high and was located in the north
 side of the garden and the other (A in Figs. 1-4) was nine inches
 long and four inches high and located in the west side. Turtle No. 3
 seemed to prefer to enter by way of the north aperture (B) and to
 leave by way of the west one (A), although if she approached the

 north fence, west of "B," she followed the fence around to "A" and
 entered the garden there. In early October, "B" became obscured by

 foilage. On Oct. 6, 8, and 9, No. 1 (who was inside the garden)
 seemed to be searching for this aperture, but could not find it. On

 Oct. 9, the aperture was cleared after No. 1 had moved away from it.
 He returned within an hour after the foilage had been removed,

 found the aperture without difficulty, and left the garden.

 No. 3 spent the period August 7-29, 1967, within Garden G-2.
 During this time, she utilized an aperture only once, walking through

 "A" but then turning and reentering the garden. During ffiis time,
 however, trailing string showed that on five occasions (Aug. 8, 14,
 15, 16, and 29) she went to the south fence near where a passageway

 had existed in previous years, but had become occluded. On August 29,
 while No. 3 seemed to be attempting to penetrate the south fence, we

 placed her outside; whereupon she immediately travelled 10S feet south,

 remaining in that general area for the following eight days (Fig. 4).
 On the east side of Garden G-1, three apertures were regularly

 utilized by Turtle No. 1 in 1967 (Figs. 1, 2).

 Feeding and Related Movements

 Legler (1960:618-622) found that T. ornata ornowto ate a wide
 varietJr of animal and plant foods. We observed ingestion of earthworms,
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 grasshoppers, caterpillars, and scavenger beetles. Turtles were obsened
 dissecting cow dung on numerous occasions, foraging for invertebrates as
 described by Legler (1960:619-620). Turtles Nos. 1 and 3 were
 observed eating small pieces of ISsh muscle (viscera were not eaten) that
 remained where ISsh had been dressed and No. 86 was seen eating a dead
 minnow. On Sept. 2, 1959, No. 8 was found eating flesh of a dead
 woodrat (Neotomv Foridana) that had been caught in a steel trap.

 Ingestion of plant materials was observed more often. The food
 involved and number of observations included: mulberries (10 times),
 cantaloupes (14), tomatoes (5), strawberries (4), blackberries (2), and
 one time each for a green bean pod, a ground cherry fruit (Phywalis), and a dandelion flower.

 Mullberries seemed especially to be favored food of turtles in the
 study area as in the turtles studied by Legler ( 1960 :619) . Thirteen
 diSerent turtles were taken beneath the single bearing mulberry tree in
 the study area (NI in Fig. 1 ) between May 24 and June 24, 1967,
 although turtles were seldom found under the tree before or after mul-
 berries ripened. Of these turtles, No. 21 was observed seven times (and
 was accidentally liilled while under the tree on June 19) and No. 24 was
 observed there ten times. During this time, No. 3 usually followed a
 routirle of leaving her form between 7:00 and 8:00 a.m., CST, walking
 to the snulberry tree, eating berries for a few minutes, and then returning
 to the same or to a different form, where she spent the remainder of the
 day and the succeeding night (as on June 12-16, 19, 20, 22, 23). On
 June 21 and 24, however, No. 3 moved to a new form in the evening.
 On June 17 and 18 she remained in her form until late afternoon before
 emerging and feeding, returning to the same form on June 18 and to a different one on June 17.

 In August, 1966, seven different turtles were observed for a total of
 20 times in a small plot of cantaloupes in the northwest part of the study
 area. Four of these turtles were actuaIly seen ingesting cantaloupe (No.
 86 three times; No. 158 three times; No. 164 six times; and No. 165 two
 times). In their behavior in regard both to mulberries and to cantaIoupes,
 ie return of individuals several times to a source of food suggests
 memory of the source and how to travel to it.

 On July 4, 1965, Turtle No. 98 was found lodged (seemingly incap-
 able of extricating itself) in a small can that contained a small amount of
 honey. On Nov. 25, 1965, No. 136 was obsened with honey around
 its mouth after being confined in an automobile trunk in which beehive
 "supers" had been transported. This turtle was found dead the follow-
 ing spring a short distance from where it was released. It is not known
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 whether these turtles were actually eating honey or were seeking out bees

 that had been attracted to the honey.

 Occupancy of Forms and Relaid MovemenS

 Cavities in soil made and occupied by turtles are termed "forms,"
 as used by Stickel (1950:358). In excavation of forms, the hind legs
 were fully extended downward, thus elevating the posterior part of the

 shell, while the front feet were employed in digging. This, of necessit,
 resulted in forms being dug downward at an angle of 30 to 40 degrees
 to the surface of the soil. Depth to which forms were dug seemed
 correlated with (air) temperature, with deeper forms being dug at lower
 temperatures. In this manner, deeper forms became transitional to the
 hibernacula of winter, discussed below. On humid, cloudy days or on

 damp soil under cover (such as pieces of metal or lumber or heavy plant
 cover), turtles sometimes rested on top of the soil without digging a
 form. Forms were usually dug alongside a small clump of plants,
 sometimes beside a stone or fence post. Although roadside ditches were
 often used for travel by turtles, only one form was observed in the

 bottom of a ditch; otherwise they were found well up in the sides or
 on the tops of banks along ditches.

 The length of time that a turtle remained within a form without
 emerging varied. Habitation of a form for periods of several days was

 common in cooler weather. For example, in 1966, No. 1 spent the
 follonZing periods of time in each of four forms: Form 1 (morning, Oct.
 3-morning, Oct. 8); Form 2 (morning, Oct. 8-morning Oct. 9); Form
 3 (morning, Oct. 9-morning, Oct. 1 2); Form 4 (afternoon, Oct. 1 2-
 morning, Oct. 20). On October 20, No. 1 moved to another form, which

 became its hibernaculum. In the spring of 1967, Turtle No. 290 spent

 ie following periods of time in single forms without emerging: Form
 1 (April 13-15); Form 2 (April 16-20); Form 3 (April 21-26); Form
 4 (April 27-28); Forna 5 (May 11-15).

 Even in summer, turtles sometimes remained in the same form for
 several days, as with No. 1, which remained in the same form from after-
 noon, Aug. 11, to morning, Aug. 19, 1967. However, a more common
 pattern observed in summer, comprised excavation of two forms in a
 period of 24 hours; one excavated shortly before sundown that was
 occupied until the following morning (night form) and another excavated
 in late morning that was occupied during the midday hours (midday
 form). We obsened that turtles faced in the direction in which they
 entered the night and midday forms while resting in iem, but before

 leaving forms ffiey turned (at varying rates) 180° so that they emerged



 106  T?drsactions Kansvs Academy of Science

 in the direction opposite to that by which they had entered. When turtles

 did not emerge from a form during the course of a day, or for several

 days, or when in hibernacula, various turning movements might be made,

 although egress always seemed to be headfirst in the manner noted above.

 LegIer (1960:634) noted that "Ornate box turtles seem to find places

 of shelter by trial and error along regularly used routes of travel in their

 home ranges. The individuals that I studied never returned to the same

 forms, and seldom returned to ffie same natural burrows and dens." In

 regard to the Carolina Box TurtIe, Stickel (1950:358) wrote "A form

 may be used only once or it may be used repeatedly at intervals of

 several days or longer. Different turtles are sometimes found in the

 same form on succeeding days." Our observations of trailed turtles

 agree more closely wii those of Stickel, as we noted both night and

 midday forms being occupied more than once.

 Reoccupancy of forms was exhibited many times by Turtles Nos. 1

 and 3. Turtle No. 3 dug forms repeatedly in certain areas during the

 periods in which she was trailed in 1967 (May 23-June 26 and July 1$

 Oct. 8). During these periods of time, No. 3 spent 49 nights within a

 small (50 ft. X 20 ft.) garden (G-2 in Figs. 3-4), enclosed by a fence

 of woven wire. The west half of this garden was occupied by a dewberry-

 blackberry thicket and one redbud tree (Cercix canadensis) and the east

 half by perennial and annual flowers. The recumbent dewberry vines

 provided a canopy of leaves a few inches above the ground and forms

 were often dug under places of thick leaf cover. During the July lSOct.

 8 period, six night forms were occupied only once, three forms on two

 different nights (Aug. 7, 20; Aug. 9, 12; Sept. 11, 22), and three forms

 on three different nights (Aug. 13, 16, 18; Aug. 19, 21, 27; Sept. 21, 28,

 Oct. 1). Seven nights were spent in a "complex" of forms under a

 tomato plant within an area of one foot squared (Aug. 22, 23, 24, 25,

 Sept. 2d, 29, 30). On Oct. 8, 1967, No. 3 dug its hibernaculum in

 Garden G-2. Turtle No. 1 entered Garden G-2 on several occasions in

 1967 and spent the nights of Oct. 5, 6 in the same form occupied by

 Turtle No. 3 on Sept. 11 and 22.

 In 1967, Turtles Nos. 1 and 3 frequently occupied forms in an area

 in the southeastern part of Garden G-1 dominated by a clump of shrubby

 Spiraea sp. (S in Figs. 1-4). Forms were made within the clump of

 Spiraea, under the outer ends of its branches, and in an adjacent row of

 iris. Turtle No. 1 spent seven nights under and alongside this shrub

 while being trailed in 1967; four different forms were occupied. On July

 27 and Aug. 19, No. 1 occupied a form that had been utilized by No. 3
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 on July 21 and 22. No. 3 spent 18 nights under and alongside this shrab

 between May 23 and July 26, inclusive, occupying seven different forms.
 Turtle No. 3 occupied a form located in an exposed area tnvelve

 feet from ie Spirvea shrub on six successive nights, July 15-20, 1967,
 and throughout the day of July 19, a cloudy, cool day. On the other

 five days, No. 3 travelled to the edge of the clump of Spiraea in the morn-
 ing (usually resting on the ground during the midday hours without

 making a form) and returned to the night form in the evening. Possibly
 the night form became too warm, lacking any shade, for comfortable
 occupancy during the midday hours.

 Occupancy of Hibernacula and Associated Movements

 Turtles seemed to concentrate in certain areas before and during times
 of hibernation. In the autumn of 1966, two such areas were located in

 the norieast part of the study area: one comprised part of a blackber?
 thicket, a triangular area, 40 X 40 X 60 ft. (Figs. 1-2) and the oier an
 area along the south side of a fence (50 ft. SQUth of ie blackberry

 thicket) that separated Garden G-1 from the orchard (Figs. 14). Brome
 grass (Bromus japonicus) was abundant in ie blackberry thicket and a
 ffiick growi of Bermuda grass (Cnodon dvEyZon) occurred along the

 fence. Some turtles moved back and forth between blackberry thicket and
 fencerow Turtle NTo. 60 spent Oct. 5-7, 1966, along the fencerow and

 Oct. 8-22 in the blackberry iicket, excavating several forms in both
 areas. Numerous hibernacula were also located in the blackberry thicket

 in 1967, 1968, and 1969, while the area along the fencerow did not seem
 to be utilized in those years.

 Turtles also concentrated at "D" in Peripheral Area 7 (see Fig. 5 and

 discussion in subsequent section on Homing) before and during hiberna-

 tion. Here, in early OctoberX 1966, turtles were frequently observed
 travelling or basking in a gravelled roadway. In late October, turtles
 were often obsers-ed basking in roadside ditches (under slight overhangs
 formed by banks of the ditches) and atop banks of ditches, where they
 frequently lay near an empty form. Later, in November, hibernacula were

 occupied atop banks, along a distance of 40 feet. In 1967, 1968, and
 1969, hibernacula were also observed in this same area at "D."

 Turtles varied in the manner in which they initiated hibernation.
 Turtle No. 1 spent Oct. 12-l9, 1966, resting in a cavity at it had made
 in a haystack in the study area. On the morning of Oct. 20, he emerged
 and travelled 45 ft. to the blackberry iicket, mentioned above, and
 entered a form previously dug by anoier turtle (No. 60), remaining in

 this form until spring. Probes inserted into his hibernaculum (hereafter



 abbreviated to "hib.") touched the carapace at a depth of seven inches

 on January 9, 1967, at nine inches on March 7, and at two inches on

 April 8. He emerged from the hib. on April 12. This hib. of No. 1

 did not become enIarged, the soil over it soon was levelled, and could

 not be distinguished from surrounding soil. With some other turtles,

 homever, there was much movement into and out of forms destined to

 becomc hibernacula. The same turtle might leave and return or other

 turtles might use the form. Under such repeated use, the entrance of

 such forms became enlarged and the form gradualIy lengthened into a

 tunnel-like chamber. This gradual lengthening seemed to occur because

 turtles dug a short distance into the soil at the "blind" end of the tunnel

 upon each entry, rather than lying in the open tunnel itself. The use of

 three such hibernacula situated within ten feet of each other at "D" by

 at least six different turtles is summarized in Table 2. Hib. "A" (Table

 2) was the longest observed, with a horizontal, tunnel-like part two feet

 long, opening outward and vIpward by means of an oblique shaft, seven

 inches long. The entrance to this hib. and to the tunnel itself remained

 open throughout the winter.

 The northeast part of the study area was checked several times daily

 in late March and in April, 1967. We observed four hibernacula that

 became open along the fencerow, mentioned above, during this period.

 In the blacliberry thicket, the hrst open 11ibernacula (three) were observed

 on April 8, with additional ones becoming open each day, until, by April

 14, nineteen open hibernacula were counted in the thicket; no further

 openings were noted after that date. Possibly related to emergence of

 turtles, were high temperatures that occurred on April 5 and 6, with

 maxima, respectively, of 82° and 80° F. Traces of rain fell on April

 Table 2. Occupancy of three hibernacula located atop banlc of a roadside
 ditch at "D" (Fig. 5). Hib. B was located two feet south and Hib. C
 eight feet south of Hib. A. Numbers refer to code number given turtles
 and indicate occupancy of hib. on date indicated. "Uni" refers to an
 unidentified turtle that was not removed from Hib. A.

 Hibernacula

 Dates(1966) A B C

 Oct. 31 331, 340

 Nov. 5 186, 368

 Nosr. 6 186, 306

 Nov. 11 186

 Nov. 21 186,Uni

 Nov. 25 186, Uni 331

 Dec. S 368 331, 373

 Transvrtions Kawzsas Academy of Science 108
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 1, 3 and 8 and .95 inch fell on April 12; this last shower seemed to
 trigger emergence of several of trhe hibernatIng turtIes.

 Five turtIes were observed in the blackberry thicket between April 8
 and 12, none after April 12. These were as follows:

 No. 372. First observed resting beside an open hib. on morning of
 April 8 with wet soil on carapace, which seemingly indicated recent emer-
 gence from hib. Returned to this hib. Iater in the day. On April 9, by
 2:15 p.m. had moed six inches north into another hib. that had been
 vacated by No. 137 at 8:00 that morning. On April 10, 11 observed

 resting in entrance to this second hib., which she left on April 12.

 No. 137. Observed emerging from hib. at 8:00 a.m., April 9 (soil
 on carapace wet).

 No. 180. Observed walking in blackberry thicket on April 12.

 Nos. 111 and 287 were obsened in the same hib. at 10:00 a.m.,
 April 10, with No. 111 closest to the entrance. The soil on No. 111 was
 dry) that on ATo. 287 wet. We suspect that No. 287 had hibernated in
 this hib. and that No. 111 had entered the hib. on the morning noted or
 on the previous evening. :Nio. 287 was observed walking in the thicket
 (soil on carapace dry) at 11:30 a.m. on the same day.

 Three of the turtles disolssed above (Nos. 137, 287, and 372) were

 transported from peripheral areas to the study area during the preceding
 autlmn and are discussed below. Why both resident and transported
 turtIes concentrated in the blackberry thicket to hibernate is not clear.

 Ouring the last four years of the study (during which the most
 intensive observations were made) the latest dates on which a turtle was
 observed above ground were Dec. 6, 1966, Dec. 1, 1967, Oct. 28, 1968,
 and Nov. 10, 1969. The earliest dates on which turtles were observed
 were April 18, 1966, Mardl 27,1967, April 16,1968, and AprIl 1d, 1969.

 Homing

 Occasionally throughout the period of study, and especially in ie
 years 1966-1969, turtles were brought from elsewhere to the study area,
 marked, registered, and released. Treated here are chiefly those turtles
 taken in or near roadways (where collecting was easiest) up to 11/2 miles
 from the study area. The area in which these roadways were located has
 been divided (Fig. 5) into nine parts that are termed "peripheral areas"
 (abbreviated to "p.a."). Roadways, largely abandoned, extended along
 a central east-west axis from the center of p.a 1 to the center of p.a. 5
 and from the center of p.a. 32 souffiward. These roads were not main-
 tained by grading and had grown up to grasses (predominantly Andro-
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 pogon spp.), which were mowed for hay in July or August of each year.

 Graded, gravelled roads extended from the center of p.a. 5 southward to

 the study area and eastward to the center of p.a. 7 and thence souiward

 through p.a. 8 and p.a. 9 to U.S. Highway 166.

 The roadways mentioned above were fenced and were bordered by

 pastures containing cattle for much or all of de year. Turtles seemed to

 be taken more commonly in areas frequented by cattle, presumably

 attracted by an abundance of dung-inhabiting insects. At "A" in p.a. 3

 (Fig. 5) at the site of an abandoned farmyard, a grove of trees was

 frequented by cattle seeking shade in the summer months. At "D" in p.a.

 7 (Fig. 5) salt and an insecticide impregnated "rubbing cloth" had been

 provided for cattle. Trampling by cattle here had killed plants and on

 this bare ground turtles were frequently obsenred.

 Results of homing experiments are summarized in Table 3. A total

 of 434 different turtles were taken in the peripheral areas, transported to

 the study area and released. EightJr-two (or 18.9So) of these turtles were

 retaken once in the original p.a. from which they had been taken.

 Thirty individuals were transported twice to the study area and returned

 to ie original p.a. after each trip. Twelve turtles returned three times,

 six returned four times, four returned Eve times, one (No. 114, male,

 plastron 11.5 X 6.6 cm) returned six times and one (No. 133, female,

 plastron 12.3 X 7.0 cm) returned- seven times to the original p.a. The

 greatest distance covered was 1.03 miles, traversed by No. 120 (female,

 plastron 11.6 X 6.7 cm), which returned to the approximate site of

 capture in p.a. 1 between Aug. 23, 1965, and July 21, 1966.

 Table 3. Results of homing experiments with turtles obtained in peripheral
 areas (=p.a.) and transported to the study area (=s.a.). r.=return trip
 made from study area to peripheral area.

 No. known to have returned from

 Number of turtles s.a. to original p.a., categorized
 No. of p.a. taken in p.a. and by no. of returns recorded
 ( See Fig. 5 ) transported to s.a. 1 r. 2 r. 3 r. 4 r. 5 r. 6 r. 7 r.

 1 4
 2 6
 3 50 12 7 1 1 1
 4 32 6 4 2 1 1
 5 46 6 7 2 2
 6 48 16 1 1 1
 7 137 24 8 4 1 1
 8 59 12 2 1
 9 52 5 1 1

 Total 434 82 30 12 6 4 1 1
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 Fiere turtles were retaken in a p.a. adjacent to the one in which
 originally taken; probably their home ranges comprised parts of the two
 peripheral areas. Four turtles were retaken in another p.a., not adjacent
 to the original one (from p.a. 9 to p.a. 7; from p.a. 2 to p.a. 4; from p.a.
 8 to p.a. 5; from pa. 7 to p.a. 5). All of these turtles were retaken
 within 40 days of their original date of capture, thus might eventually
 have returned home.

 Trailers were attached to several homing turtles with resuIts as
 follow:

 No. 112. Female, plastron 12.4 X 7 cm. This turtle returned to its
 original p.a. from the study area on five occasions. She was frst taken and
 transported to the study area on July 2d, 1965, from 260 ft. south of 'tB"
 (Fig. 5), a second time on Aug. 3, 1966, at "B," and a third time on
 Aug. 30, 1966, from 490 ft. south of "B." On Sept. 18, 1966, she was
 taken a fourth time at a place 720 ft. south of t'B," transported
 to the study area and released at 2:00 p.m. with a trailer attached. By
 9:30 a.m., Sept. 22 (91.5 hours later) she had returned to a point 630 ft.
 south of "B," having travelled 3,135 ft.) as follows: 1,025 ft. on Sept.
 18; 1,028 ft. on Sept. 19; 658 ft. on Sept. 20; 233 ft. on Sept. 21; and
 191 ft. on Sept. 22. Rate of traveI became progressively slower and the
 pattern of travel more irregular as she neared her point of capture. On
 Sept. 19, 20, and 217 she had dissected cow dung and on Sept. 21, she
 had t'detoured" 15 feet from what seemed to be her line of trarrel seem-
 ingly to inspect a dead, decomposing snake. Part of her journey was
 across a pasture in which contour terraces remained from a former
 field. Here she tended to travel in ditches along the bases of the terraces?
 although she dug forms near or on the tops of the terraces. No. 112 was
 taken a Efth time on Oct. 12, 1966 280 Et. south of "B" and transported
 to the study area where she was obsewed on Oct. 20 1966. On Sept. 2,
 1967, she was again found, 370 ft. south of "B."

 No. 137 Female, plastron 12.1 X 6.7 cm. Taken at "C" (Fig. 5)
 on Sept. 4 1966, and released at 8:00 a.m. Sept. 5 in the study area.
 By 5:40 p.m., she had returned to a point 215 ft east of "C" having
 travelled 1>450 ft. in nine and two-thirds hours. She travelled 910 ft.
 between 8:00 a.m. and 10:45 a.m. but rested in a form from 10:45 a.m.
 until 3:00 p.m. She was found dissecting cow dung at 4:00 p.m., 70 ft.
 from her midday form. She travelled 470 additional feet between 4:00
 p.m. and 5:40 p.m.

 No. 188. FemaIe, plastron 11.7 X 6.7 cm. Taken 660 ft. north of
 "E" (Fig. 5) on Sept. 4, 1966> and released at 5:50 p.m. on the same



 Obseruations on Ornate Box Tgrtles  113

 day. By 7:30 p.m., she had travelled 390 ft. in a homeward direction.
 On Sept. 5, she travelled an additional 600 ft. and on Sept. 6, 988 ft. for
 a total of 1X978 ft. in 48 hours. On Sept. 7, trailing thread was broken by
 cattle and she was not found again until Sept. 17, 1966, 660 ft. north
 of her point of original capture. No. 188 was brought to the study
 area a second time on Sept. 22, 1968, and returned to her original p.a. by

 Oct. 2d, 1968. She was brought to the study area a third time on Sept.
 21, 1969, and returned to her p.a. by Oct. 3, 1969.

 No. 190. Male, plastron, 11.7 X 6.6 cm. Taken 450 ft. west of
 "D" (Fig. 5) on Sept. 1, 1966, and released in the study area at 8:50
 a.m., Sept. 2. He travelled 750 ft. on Sept. 2 and 212 ft. on Sept. 3 in
 a homeward dIrection. Cattle broke the trailing thread on Sept. 3. The
 detached trailer was retrieved 300 ft. west of "D" on Sept. 28, 1966,
 and the turtle was found near the same place on July 14, 1967. He was
 released in ie study area wii attached trailer a second time at 4:30 p.m.,
 July 1d, and travelled 719 ft. homewardly by the morning of July 18,

 hen cattIe again broke the trailing thread. Weather on July 14418 was
 cloudy and rainy7 which was possibly related to the slower rate of travel
 in 1967 than in '966.

 The turtles I;sted above travelled fairly consistently in a homeward
 direction. Limited observations suggested that some turtles may travel
 more circuitously when homing (see diswssion of No. 290 in the next
 section) .

 OnIy a few turtles transported to the stmdy area from elsewhere are
 known to have remained in it for more than a few weeks. No. 476
 (maIe, plastron 11.4 X 6.6 cm) was transported to the study area frdm

 fifty miles to the norieast in Greenwood County, Kansas, on June 17,
 1968. He was subsequently observed in the study area on fifteen occa

 sions in 1968 and hibernated in the blackberry iicket, discussed above,
 in October of that year. He was also obsened from May to October,
 1969, on nineteen occasions. Other instances of "foreIgn" turtles remain-
 ing in the study area are discussed in the next section.

 Only one turtle (No. 86, female plastron 10.8 X 6.3 cm) inhabiting
 the study area was transported elsewhere in a homing experiment. This
 turtle was observed four times between July 21 and July 29> 1966, feed-
 ing or) cantaloupes in the study area. Partly to curtail these depredations,
 she was reIeased at 11:00 a.m. CST on July 29 at "D" (Fig. 5), .56 mile
 east-northeast of the study area. On August 2 at 6:30 a.m., she was
 found eating cantaIoupe in the plot aforementioned. At 9:00 a.m. on
 Augilst 2, this turtle was released at point "B" (Fig. 5), .56 mile west-



 Table 4. Turtles overwintering in the study area (=s.a.) after transport to
 it from various peripheral areas (=p.a.-see Fig. 5) in the autumn of
 1966, togeffier with areas and months of observations made in 1967, 1968,
 and 1969. Asterisk denotes death on or before date indicated.

 Date of p.a. from Observations in 1967

 No. of transport which In p.a. of Observations Observations
 Turtle in 1966 transported Ins.a. origin (s.a.) in 1968 (s.a.) in 1969

 137 Oct 9 5 Apr Jul
 287 Oct 4 6 Apr Apr
 276 Sep 29 7 May Aug

 290 Oct 7 9 Apr Oct
 366 Nov 4 4 Apr*
 356 Oct 21 7 Mar*
 263 Sep 25 8 Mar*
 372 Nov 6 9 Apr

 181 Aug 25 3 Oct July, Oct
 317 Oct 8 7 Sep
 279 Oct 2 7 Jul Oct
 230 Sep 18 9 Apr, Sep Jul
 247 Sep 24 9 Oct Jun, Oct Apr, May

 Jul, Sep
 216 Sep 28 5 Oct Apr, May

 Sep
 274 Sep 28 6 Oct Oct
 285 Oct 4 7 Oct
 161 July 30 9 J\ID
 268 Sep 27 8 Apr, July
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 northwest of e study area. At 9:25 a.m., August 25, she was again

 found in the cantaloupe plot and was released on that date at a point .56

 mile east-southeast of the study area. She was not seen again until May

 14, 1968, when she was again observed in the study area. Thus, she had

 demonstrated ability to return to the study area from points .56 mile to

 the ENE, WNW, and ESE.

 Overwintering of Transported Turtles in Study Area

 Of 169 turtles transported from peripheral areas to the study area

 and released in 1966 (mainly in late summer and in autumn), eighteen

 were known to have hibernated and overwintered in the study area in

 the winter 1966-67. Dates of capture and subsequent sightings of

 these overwintering turtles are summarized in Table 4. Three were found

 dead in the study area in the spring of 1967, eleven seemed to remain

 permanently in the study area, and four returned to their original

 peripheral areas in 1967. One of these returnees was No. 290 (female,

 plastron 10.9 X 6.5 cm), which had been taken .15 mile south of "E"

 (Fig. 5) on Oct. 7, 1966 (.65 mile southeast of the study area). She
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 was observed in the study area on April 13, 1967, mrhen a trailer was
 attached. She wandered in or near the study area from April 13 to May
 9. On May 10-ll, she travelled 875 ft. north from the study area and
 remained in the same form there from ie Ilight of May 11 to May 15.
 From May 16>20, she gradually altered her direction of travel from nori
 to east to souffieast and was within .3 mile of her original point of
 capture by May 20, when trailing was terminated because of interference

 from cattle. On Oct. 5, 1967, she was taken 200 ft. north of her original
 point of capture in 1966 and was again brought to ie study area. This
 time she seemingly did not return to her original p.a, as she was obsened
 in and near the study area on Sept. 3 and 17, 1969.

 Of 93 turtIes transported from peripheral areas to ie study area in
 1967, Eve were known to have overwintered in the study area. One of
 these was observed daity from Oct. 19 until Dec. 1, 1967, and was found
 dead in the study area on Afarch 28, 1968. Two of these turtles were
 observed in the study area in April, 1968, but not thereafter. One was
 obzerved in the study area in Sept.7 1969, and another in Oct., 1969.

 Of 116 turtles transported from peripheral areas to the study area in
 1968, only two were knowrl to have overwintered in the study area.

 Discussion

 Turtles seemed able to remember for several days and possibly for
 longer periods where food was located, as certain areas were revisited by
 the same individuals in different years. They seemed well able to remem-

 ber for weeks or months the location of openings in fences. Irl 1967,
 Turtle No. 3 persisted in attempting to use an opening out of Garden G-2

 that had been ocduded since 1965, even though two otha openings out
 of the garden were available and had been used by her previously. Turtles
 also seemed able to remelzber, at least for seareral daysn the location of
 forms that had been utilized. Both Nos. 1 and 3 seemed to have favored
 sites (such as Garden G-2) to which they repeatedly returned, often
 moving relatively rapidly and directly to such a locality from another
 part of their home range. Trailing string showed the same "pathways"
 to be used repeatedly by Nos. 1 and 3, especially in gardens G-1 and
 G-2 (Figs. 1-4). The location of areas of hibernation (such as the
 blackberry thicket described) seemed to be remembered. However? ie
 seeking out of these same areas of hibernation by turtles transported from
 other areas (in the case of No. 476, from 50 miles away) suggests iat
 other mechanisms may also be operative.

 One hurldred and thirty-six individual records of homing from the
 study area to a peripheral area indicate that, for the distances involved,



 116  Transactionx Kansas Acad emy of Science

 homing was done with facility. Twenty-seven of 431 turtles transported

 to the study area from peripheral areas in the years 196g1968, were

 kno>n to hasTe overnvintered in the study area. Twenty-four of these

 overwintering turtles were brollght to the study area in the months of

 September, October, and November. The failure of these turtles to

 return to their home peripheral areas suggests that the homing urge

 and/or ability may be low in autumn near the time of hibernation. Five

 of the twenty-seven turtles that overwintered in the study area are known

 to have returned to their original peripheral area the following spring or

 summer, showing that some individuals retain homing ability after hiber-

 nation and for several months (No. 290 started home after seven monffis

 in the study area). On the other hand, several other individuals (TabIe

 4) seemed to take up residence permanently in the study area after

 overnvintering in it, suggesting that the homing mechanism had been

 interfered with in some manner.

 It seems probable that turtles were able to recognize visually and to

 remember landmarks on or near the ground within their home ranges.

 The proclivity of Nos. 1 and 3 (Figs. 1-4) to follow repeatedly the

 same pathways is reminiscent of animals that follow scent trails. Utiliza-

 tion of scent cues is also suggested by the behavior of No. 247 (male),

 who returned on five successive days to a place where he had encountered

 a female on May 9, 1969, and of No. 112 (see above), who "detoured"

 from his line of travel to inspect a dead snake that was malodorous to

 the writers.

 In orientation and navigation, another mechanism was probably

 involved of the kind called "pervasive" by Marler and Hamilton (1966:

 585), as distances involved in homing exceeded those indicated as being

 comprised in home ranges. However, such ability might also have con-

 siderable value in orienting within a home range and would perhaps

 aid in preventing straying from the home range. In homing in iis

 area of prairie, tall grasses (1-3 ft.) would seem to preclude orientation

 by arly other visual cues than celestial ones. Gould (1957) found evidence

 of utilization of the sun in orientation by Terrapene c. cogrolina. How-

 ever, Emlin (1969:70) deemed unlikely "The use of bicoordinate celestial

 navigation over distances of a few miles . . . "

 Only one turtle (No. 476 taken 50 miles away) released in the

 study area had been taken more than two miles from the study area. It

 seemed to show no tendency to home. A specimen taken 1.8 miles away

 (No. 236, adult male) travelled 1,000 ft. in a homeward direction

 (here training was terminated) but, thereafter, reversed its direction of

 travel, as it was again observed in the study area 12 and 17 days later.
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 Possibly, then, homing in T. o. ornata is effective only within one to two

 miles of ie home range of an individual.
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