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ABSTRACT 

Mauermann, Kimberly J. Feeding and Habitat Preferences of the Red-Eared Slider , 
Trachemys scripta elegans Wied , (Unpublished) Thesis, Master of Science, 
Department of Biology, Texas Woman's University , December , 1995. 

Feeding preferences of the red-eared slider among five common aquatic plant 

species were evaluated using paired comparison tests and a multiple comparison test. 

Statistical analysis of the paired comparison tests indicated the following preference 

order: Yallisneris americana = Hydrilla verticillata > Najas guadalupensis > 

Potamogeton nodosus = Myriophyllum spicatum. Statistical analysis of the multiple 

com pari on test indicated the following preference order: V. americana > 

N. guadalupensis > H. verticillata > .E. nodosus = M. spicatum. Although minor 

di ference in there ults of the two tests were observed , both confirmed that Y. 

am ri ana was highly preferred while f. nodo us and M. spicatum were least 

pre erred. 

T e timate the lider population mark-recapture (Schnabel Method) wa 

c nducted ~ r ne year. The p pulation was e timated at 705 (88 p r hectare of 

urfac wat r . Habitat pr ferenc bas d I ly on d minant plant p cie cou ld 

n t bed m n trated . H we er lid r did app art pre~ r p nd with well -

e tab! i h d c mmunitie f th plan and animal . 
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CHAPTER I 

INTRODUCTION 

Red-eared sliders (Trachemys scripta elegans Wied) , increasingly rely on 

aquatic macrophytes for their primary source of nutrition as they mature into young 

adults , at about two years of age (Clark and Gibbons 1969). The literature suggests 

that I iders feed on a diversity of aquatic plants , submersed , floating and emergent. 

Howe er little research has been conducted to evaluate feeding preferences , or the 

impact f turtle herbivory on aquatic plant communities. Field observations indicate 

that turtl herbi ry can impair efforts to establish certain species of aquatic plants , 

n in the pres nee of others ( arter and Rybicki 1985 ; Smart 1992). 

I f th h rbi ore exhibit feeding preferences , it is plausible that elective 

fe ding will intluenc aquatic plant community species diver i ty and composition. It 

p ible that lider might utilize aquatic habitats r ar as within habitat , 

d up n pr enc f pr ferred plant p cie . 
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This study addresses 2 major objectives: 

1. Investigate slider food preferences among five common aquatic plant 

species. 

2 . Estimate the population sizes of sliders in ponds at the Lewisville Aquatic 

Ecosystem Research Facility (LAERF), Lewisville, Texas , in order to 

examine possible relationships between population density and plant 

pecies present. 

Hypotheses 

l. When provided with a choice, turtles exhibit feeding preferences 

and I ctively consume certain species of submersed aquatic plants. 

2. Turtle population density is related to pond characteristics, principally 

influ nc d by th d minant aquatic plant species. Turtles will move out 

f I pref rr d habitat and into more preferred habitats , leading to 

higher p pulati n den itie in the preferred habitats. 



CHAPTER II 

REVIEW OF LITERATURE 

The red-eared sliders (Trachemys scripta elegans Wied) are placed in the 

fam ily Emydidae with other pond , marsh and box turtles. They are a medium-sized 

(12.7-28. 9 em carapace length) turtle with rounded jaw and prominent red patches 

on the sides of the head. The carapace is olive to brown , weakly keeled and slightly 

rrated on the posterior margin. Yellow and green I ines forming patterns on the 

cute ary geographically . The hingeless plastron is usually pale yellow with 

arying dark pots. Old males usually exhibit melanism , having dark bodies and 

h II . Mal al o have foreleg claws about twice as long as those of females , thick 

tail with th anal opening posterior to the carapacial margin and are slightly 

mailer than females Ernst and Barbour 1972; onant 1975; Garrett and Barker 

19 7· 8 hler and King 1989· Behler 1991· onant and Collins 1991). 

lider are u ually found in !otic or Ientic ystems with den e veg tation and 

f t tt m rn t 1971 · rn t and Barbour 1972 · onant 1975; Garr tt and Bark r 

19 7· Behler and King 1989; B hler 1991· nant and II in 1 991 ) . Th 
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geographic range of this species encompasses much of Texas, Oklahoma and the 

lower Mississippi River Valley. 

Sliders are carnivorous at hatching, with a diet consisting primarily of small 

insects , invertebrates and vertebrates. Juveniles generally shift to a more 

omnivorous diet, consisting mostly of submersed aquatic plants, starting in their 

second year (Clark and Gibbons 1969). Clark and Gibbons (1969) suggested that 

juveniles require a carnivorous diet rich in calcium for proper growth and shell 

de elopment. Parmenter and Avery (1990) showed that juveniles and adults require 

a diet with a crude protein concentration above 20% for proper growth. While a 

carni orous diet may be more nutritionally advantageous for both adults and 

JU eni le this diet requires more energy to support the pursuit of mobile food items. 

R earch by Parmenter (1980) and Bjorndal (1991) indicates adult turtles are 

pp rtuni tic omnivores that prefer meat, when easily acquired and available , over 

th r t d item such as submersed aquatic plants. However , these authors 

ugge ted that as a turtle reaches a certain size it is no longer energetically able to 

ati f cal ric requirem n a a carnivore. A taple diet f ubmersed aquatic 

plan require le energy for capture and if eaten in ufficient quantity 

ubmer ed aquatic plan pr vid a high perc ntage f the dietary and nutri nt 

requ1r m n including caJcium and pr tein ( lark and ibbon 1969; rn t 1 71 · 

rn t and Bar urI 72· Hart 1983). 

4 
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Maturity is achieved in 4 to 8 years, when a plastral length of 14.5 em is 

attained. Growth rates vary depending upon food availability and water temperature 

(Ernst 1971; Parmenter 1980). Sliders are active at water temperatures above 1 ooc, 

with most growth occurring during spring and summer. The life span ranges from 

20 to 40 years, depending on environmental conditions (Ernst 1971). Slider 

densities range from 20 to 1,025 per hectare in ponds and lakes (Ernst and Barbour 

1972; Harless and Morlock 1979). A smaller range of 52 to 205 per hectare is 

commonly reported for suitable habitats (Harless and Morlock 1979; Gibbons 1990). 

Home ranges are 1 to 2 kilometers in streams and drainage ditches (Ernst and 

Barb ur 1972). 

Whil herbivory by grass carp (Young et al. 1983; Harberg and Modde 

1985 · Anderson and Pine 1991) and crayfish (Chambers et al. 1990) has been well 

document d there is I ittle pub I ished information on elective herbivory by turtles on 

aquatic plan . Tonapi and Varghese (1983) examined feeding preferences of the 

Indian fre hwater turtle Kachuga tectum tentoria Gray. In a study using Pi tia 

~~:...:::=..::c Linn (waterl ettuce) ichhornia era ipe Solms (waterhyacinth) , Salvinia 

natan R xb water fern) Hydrilla verticillata L. f. Royle and Lemna min r Linn 

(duckweed turtle c n urn d 125-250 g (fre h weight) of egetati n daily and 

preferr mart 1992 rep ned herbi ry by fre hwat r turtle 



prevented establishment of vallisneria (Vallisneria americana) in a reservoir 

restoration project at Guntersville Reservoir in Alabama. 

6 



CHAPTER III 

MATERIALS AND METHODS 

This research was conducted at the LAERF in Lewisville, Texas. The 

LAERF is an experimental field station operated by the U.S. Army Corps of 

Engineers Waterways Experiment Station, and is located in Denton County, Texas , 

ju t outh of the Lewisville Lake dam. 

FOOD PREFERENCES. Turtles were collected in fall-in traps set in 

rand mly selected ponds at the LAERF (Figure 1). Traps were constructed of 2.5 x 

5 em m h caging measured 76 em x 60 em x 55 em, and included two 100 em x 

21 em acce ramps (Figure 2). The open top of the trap was lined with a 5 em 

wide containment lip. Traps were kept afloat with four 3.6 kg plastic buoys (Figure 

2 . After d ployment trap were checked each morning over a 2-week period , and 

adult fe male turtle were removed and placed in outdoor 3.5 m diameter x 0.6 m 

high pi tic p Basking it were provided t allow the turtles to dry 

c mpl tely whil they bask d ( igure 3). Water fl wed c ntinuou ly maintaining a 

depth f 3 em. Water temp rature rang d b tw en 25 and 29° prt r t and 

7 
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during the feeding preference tests. Turtles were fed ad libitum a variety of aquatic 

plants, including those species to be tested. 

In order to reduce the variability among the test subjects, only mature female 

sliders of similar size were used in the food preference tests. Since mature females 

are approximately twice as large as mature males, and might require more energy to 

produce and lay eggs , it was concluded that the female sliders would provide more 

significant consumption that could be detected. Although males would probably 

have similar food preferences to females, there is no way to know for certain 

without testing and there is nothing in the literature at this time about food 

preference differences between the sexes. Tests were conducted under static 

c nditi n in twel e outdoor plastic pools measuring 2 m in diameter x 45 em in 

height ( igure 3 . Each pool was filled with Lewisville Lake water to a depth of 20 

em . Thi depth was maintained throughout testing by adding water when needed. 

Plant pec ies examined included hydrilla (Hydrilla verticillata L. f. Royle) , 

urasian watermilfoil Myriophyllum spicatum L.) , southern naiad (Najas 

preng. Magnus. ), American pondweed (Potamogeton n do us 

P ir and all isneria (Valli neria americana M ichx). These p cies were cho n 

becau e they ar 

a ailabl at the 

mm n in many aquatic y tern and because they w re r adily 

R . Hydrilla and · urasian wat rmilf il are intr due d w dy 

peci s that pia ue many re rv ir in rth Am rica 0 ard n 19 3· allagh r and 
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Haller 1990). Vallisneria is a native submersed aquatic plant that provides excellent 

habitat for fish and other aquatic organisms , and is frequently used in lake 

revegetation and restoration projects (Smart 1992). Southern naiad and American 

pondweed are also common native species. Food preference tests included paired 

spec ies and multiple species comparison tests. In the paired comparison test, plant 

species were offered in pairs. All possible paired combinations (10 total) were 

tested in a randomly selected order. In the multiple comparison test, all five plant 

pec ies were offered simultaneously. The purpose of conducting both tests was to 

eri fy results of each test. After all testing was complete the sliders were released 

int Lewi ville Lake at the emergency spillway. 

Paired omparison Feeding Tests 

lider were ch en randomly from a pool of 24 individuals, excluding those 

lested on th pre ious day. One turtle was placed in each of the 12 test pools. 

e eral kil gram f the plant species being te ted were collected f rom culture 

gr wn at th A RF . Plants were pun by hand for 30 econd in a wir basket t 

r m exce water th n bundle (200 g fre h weight) f each p CJe wer 

we ighed ut n an electr nic t p I ad ing M ettler PM 16 ala nee. Bundl w r 

ecured ar und the middle with a rubb r band t h ld th bundl t g ther during 



testing. The plants bundles were then offered in pairs to each of 4 sliders held 

individually in test pools (Figure 3), with 3 species combinations tested each day. 

13 

At the end of 24 h, plant bundles and fragments were collected and spun dry, and 

fresh weights obtained. Consumption was calculated by taking the final weight of a 

plant bundle plus the weight of same species fragments and subtracting that weight 

from initial weight of the bundle. Statistical analysis using a paired t-test was used 

to ascertain differences in total consumption (SAS 1994). Plant species consumed in 

sign ificantly higher quantities were considered preferred. 

Multiple Comparison Feeding Tests 

everal kilograms of the five plant species were collected from cultures 

gr wn at th LA ERF. Plants were spun by hand for 30 seconds in a wire basket to 

rem e xce water then processed to produce 12 bundles of each species , each 

g fr h weight. One bundle of each species (five total) was offered concurrently 

t 12 turtle held in individual pools (Figure 3) . Every 24 h, plant bundles and 

fragm n were remo ed pun dry and weighed. After weighing plant bundl 

were return d t the test p ol . Plant fragmen were not returned to t st p I . 

hi pr cedur was repeated e ery 24 h for 3 day . on u mpti n was calcu I at d by 

taking th final weight f the plant bundle plu the weight fa ll am pec1 

fra men and ubtracting that weight fr m initial weight f the bund l tati tical 
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analysis using Student-Newman-Keuls test was used to ascertain differences in 

consumption (SAS 1994). Plant species consumed at significantly higher rates were 

considered preferred. 

Population Study 

Slider populations were surveyed in 12 earthen ponds at the LAERF. These 

ponds ranged from 0.24 to 0.32 hectare in size with maximum depths of 2 m (Table 

1) . The ponds were supplied with water from Lewisville Lake. Following the 

as umption that habitat selection was based upon aquatic plant communities , ponds 

w r ch n based upon the dominant (~ 50% area coverage) aquatic macrophyte 

p c1 in each. Three ponds were dominated by hydrilla, three by Eurasian 

watermil~ il , three by American pondweed and three by southern naiad (Table 1). 

alii neria pond were available. Floating fail - in traps were placed in the ponds 

f r 1 year (Figure 2). Turtle traps were checked every 48 hat approximately 7:00 

. M . T urtle f und in the traps were assumed to have been caught during the 

basking p ri d f the pre ious 48 h . 

rapped turtles were marked after their initial captur with a l g (3. 2 em x 

1.2 em aluminum tag . Each tag was tamped with a uniqu numb r t all w 

identificati n f indi idual turtle . he tag was attach d with a piece f pia ti c 

c a ted wire thr ugh a . 31 em diamet r h I drill d thr ugh th p t ri r marg in f 



Tabl e 1 

I ndiv i dual pond summaries of surface area in hectares and pond age. 

Pond Spec i e s Surface Percentage of Percentage of 
# Area of surface area of each surface area of ponds 

Pond pond out of total grouped by species 
(ha.) surface area possible out of total surface 

area possible 

32 0.26 8% 
33 hydrilla 0.26 8% 26% 
37 0.32 10% 

14 Eurasian 0.26 8% 
15 watermilfoil 0.30 9% 26% 

I 30 0.26 8% 

25 Southern 0.30 9% 
46 naiad 0.24 8% 24% 
54 0.24 8% 

10 American 0.26 8% 
35 pond weed 0.26 8% 23% 
39 0.20 6% 

Grand Totals 3.20 

Means 0.26 

Date pond 
established 

1992 
1992 
1989 

1992 
1992 
1989 

1992 
1989 
1992 

1992 
1992 
1990 I 

t---" 
Ul 
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a carapace scute. Marked turtles were sexed, measured, and weighed, then released 

back into the pond from which they had been trapped (Appendix A). 

Population estimates were made using the Schnabel Method, which involves 

marking and recapturing over time (Schnabel 1938). This method is frequently used 

when the animals being studied are difficult to capture and can be obtained only in 

small numbers (Cox 1985). The results provide a series of population estimates of 

increasing reliability. 

A number of conditions must be met for Schnabel population estimates to be 

valid . First no significant change may occur in the ratio of marked to total animals 

betw en release and recapture of the animals. Second , samples taken from the 

p pulati n mu t be random. Third, marked individuals must have the same random 

chanc f being caught as unmarked individuals. 

rom the data obtained, population estimates were calculated for each 

r captur dat using the fo llowing formula: Ni = EMiC/ERi where Ni is the 

p pulation timate i is a subsequent capture date after the first date , R i is the 

number f marked recaptures and Mi is the total number of marked animals in the 

p pulati n which will increase through time ( ox 1985). 



CHAPTER IV 

RESULTS AND DISCUSSION 

Paired Comparison Feeding Tests 

A summary of each feeding trial is given Table 2. When paired t-tests were 

used t determine the preference order, no differences were seen in consumption of 

all i neria and hydrilla. Both of these species were consumed at greater rates than 

uthern naiad. American pondweed and Eurasian watermilfoil were consumed at 

the I w t rate Tab le 2). 

Vallisneria was preferred over the alternate species in all of its trials except 

in th ne with hydrilla. Here, in spite of a mean vallisneria consumption of 137 g 

c mpar d t m an hydrilla con umption of 22 g, mean vallisneria consumption wa 

n t igni 1cantly different. The large standard error in this feeding trail probably 

ob ur d ignificant difference . The large standard error resulted from variability 

a ciated with individual turtle appetite in thi particular feeding trial. Hydrilla 

was pref rred v r the alternate specie in all of its trail except for the f eding trail 

with alii n ria were n ign ificant difference was f und. 

17 



Ta b le 2 

I nd ividua l t-tests i n paired comp a r ison r esults. The direction of the 
grea t er t h a n s i gn indica t es sign ifican t preference while the equals sign 
indicat es no significant preference . 

Species Tes t e d Mean Consumption Prob > T 11!=0.05 

vallisneriaj hydril l a 137g = 22g 0.1599 

vallisneriajSouthern na i ad 139g > 65g 0.0938 

vallisneriajAroer ica n pondweed 201g > 0.2g 0.0015 

vallisneriajEura sian watermilfoil 193g > 20g 0.0380 

hydrillajSouthe rn naiad 160g > 92g 0.0195 

hydri l lajAroerican pondweed 114g > 38g 0.0799 

hydri llajEurasian watermilfoil 111g > 74g 0.0681 

Southe rn naiad/American pondweed 137g > 36g 0.0799 

Southern na i ad/Eurasian watermilfoil 105g > 27g 0.0290 

American pondweedjEurasian watermilfoil 0.4g = 47g 0.1632 

t-' 

00 
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Southern naiad was preferred over the American pondweed and Eurasian 

watermilfoil but not preferred over hydrilla and vallisneria. No significant difference 

was found between American pondweed and Eurasian watermilfoil even though 

mean consumption for American pondweed was 0.4 g and the mean consumption of 

Eurasian watermilfoil was 47 g. Here again , a large standard error arose from 

differences in individual turtle appetites in this particular feeding trial. Because of 

th i high variability, no significant difference could be determined. 

Assuming the preference order remained similar in the presence of 

addit i nal species the following overall preference order was indicated: vallisneria 

hydrilla > southern naiad > American pondweed = Eurasian watermilfoil. 

H we r wh n feeding trials were evaluated in order of total consumption , which 

wer calculated by adding all the consumption for a plant species in all of the 

indi idual pair d compari on feeding trials (Figure 4) , differences between 

alii neria and hydrilla were evident. Preferences between American pondweed and 

ur ian wat rmil~ il remained unclear. Total consumption of all species by all 

turtle upp r the ob ervation that individual turtles, despite varying appetite 

e hi it ~ ding preference between vallisneria and hydrilla. Interestingly total 

c n umpti n of uthern naiad wa al o greater than total con umption f hydrilla 

igur 4). 
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Multiple Comparison Feeding Tests 

an a 

M o t consumption of plants occurred on day 1 (Figure 5). Sliders consumed 

rag of 166.0 g (range 80.5 to 271.9 g) out of 500.0 g on day 1 when all 

pi nt 

1- .7 t 

were present. Mean consumption on the second day was 40.0 g (range 

5. 6 g) . T his lower consumption rate which occurred when only less 

pr f rr d plant w re present, imp! ies that consumption of plants was reduced in the 

a nc f pr f rr d pec ies . Consumption of less preferred species continued but 

at mu h I w r rat . 

tat i t i al ana ly u ing the Student-Newman-Keuls test indicated the 

~ II tn ord r ba ed upon consumption during day one: vallisneria > 

uth rn naiad > hydr illa = A merican pondweed = Eurasian watermilfoil (Figure 

· t r 4 h all alii n ria and southern naiad (excluding fragments not returned) 

had n urn d by th turtle . The preference order for the remaining plants, 

d up n tud nt- wman-K ul for day 2 was hydrilla > American pondweed 

ur 1an at rm il f il ( igure 7). No signi f icant amounts of the remaining 

plan m tl men can p ndweed and Eurasian watermilfoil , were consumed on 

da r m th e data w can infer that the preference order was vall isneria > 

uthern naiad > h drilla > mer ican p ndweed = Euras ian watermil fo il. T hi 

r ma indicat why there have been problem wi th turtle herbivory 

hen r in ta Ji h alii n r ia in r erv ir re t ration pr 0ects (Smart 1992) . I f 
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the aquatic macrophyte that is being established is preferred over the other species 

pr nt the preferred plant may be selectively consumed by the local slider turtle 

p pulati 

tn 

pr rr d 

h d 

n. 

r th 

nt. 

alii 

mo t part , the paired comparison and multiple comparison tests were 

Th multiple comparison test verified the observation that turtles 

n ria ov r hydrilla , even though statistical analysis of paired test data 

t c t this difference. The reversal in preference between hydrilla and 

uth rn n iad may hav been in part an artifact of removal of fragments , which 

t in ht for southern naiad. Overall , it appears there were three 

d upon preference , of the five species tested. Vallisneria was 

hi pr rr d. uth rn naiad and hydrilla were readily consumed and 

in th a n 

rnerican pondweed and Eurasian watermilfoil were eaten only 

f th r and therefore less preferred. 

Population Study 

unn th j m ti at i n 213 I iders were caught and marked. Of these 

mar d turtl wer r captured for a total capture of 393 turtles. Individual 

nd r t ta l, mark d and unmarked turtles trapped during the study are 

n 111 ugh 5. igni fica nt differences were detected using a 

ru al - all i = . 5 betwe n the numbers of total marked and 



bl 

Pond Spec1es Total 
# turtles 

trapped 
(M-F-J) 

32 25 (15-6-4) 
33 hydrilla 35 (23-10-2) 
37 51 (32-7-12) 

14 Euras1an 16 (15-1-0) 
15 watermilfoil 32 (18-11-3) 
30 67 (42-14-11) 

25 Southern 34 (15-15-4) 
46 naiad 21 (15-4-2) 
54 6 (3-1-2) 

10 Amer1can 21 (13-6-2) 
35 pond weed 36 (21-8-7) 
39 49 (27-15-7) 

IGranc Totals 393 

Means 33 

Percentage Total ot 
o f total turtles 
trapped trapped 

for ponds 

6% 
9% 111 

13% (70-23-18) 

4% 
8% 115 

17% (75-26-14) 

8% 
5% 61 
2% (33-20-8) 

5% 
9% 106 

12% (61-29-16) 

Avg. # ot 
turtles 
trapped 
for ponds 

37 

38 

20 

35 

resents a 
'uvenile 

Percentage 
of total 
trapped turtles 
for ponds 

28% 

29% 

15% 

26% 

N 
0'\ 



b l 

Pond species MarKed 
I tur t les 

trapped 

l 
(M-F-J) 

32 16 {9-4-3) 

33 hydr i l la 17 (9-7-1) 
37 20 {11-2-7) 

1 4 Euras1an 7 (7-0-0) 
1 5 watermilfoil 14 (7-5-2) 
30 37 (24-5-8) 

25 Southern 15 (5-10-0) 
46 naiad 6 (6-0-0) 
54 1 (0-0-1) 

10 Amer1can 11 (7-3-1) 
35 pond weed 10 (6-2-2) 
39 26 {16-6-4) 

Grand Tota.Ls 1.80 

Means 15 

Pe r centage Tota l of 
o f mar ked marked turtles 
trapped trapped in 

ponds 

9 :t 

9% 53 
11% (29-13-11) 

4% 
8% 58 

21% (38-10-10) 

8% 
3% 22 
1% (11-10-1) 

6% 
6% 47 

14% (29-11-7) 

Avg. # ot 
turtles 

trapped 
for ponds 

18 

19 

7 

16 

Percentage 
of total 
marked 
trapped turtles 
for ponds 

29% 

32% 

12% 

26% 

I .J 
-.....! 



b 

Pond Species Total 
I unmarked 

turtles 
trapped 
in pond 

(M-F-J) 

32 9 (5-2-2) 
33 hydrilla 18 (13-4-1) 

I 

37 31 (21-5-5) 

14 Euras1an 9 (8-1-0) 
15 watermilfoil 18 (11-5-2} 
30 30 (18-9-3) 

25 Southern 19 (11-4-4) 
46 naiad 15 (9-4-2) 
54 5 (3-1-1) 

10 American 10 (6-3-1) 
35 pond weed 26 (15-7-4} 
39 23 (11-9-3) 

Grand Totals 213 

Means 18 

~----~--

Percentage Total 
of unmarked unmarked 
trapped turtles 
in pond trapped 

in ponds 

4~ 

8% 58 
15% (39-11-8) 

4% 
8% 57 

14% (37-15-5) 

9% 
7% 39 
2% (23-9-7) 

5% 
12% 59 
11% (32-19-8) 

Avg. # ot 
unmarked 
turtles 
trapped 
for ponds 

19 

19 

13 

20 

Percentage 
of total 
unmarked 
trapped turtles 
for ponds 

27% 

27% 

18% 

28% 

N 
co 

1 
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unmarked turtles trapped in the various ponds based solely upon dominant plant 

p CI (Tab le 3 4 and 5). However, in ponds with dense vegetation established for 

3 r m r y ars , (37 and 30 ) a significantly greater number of turtles were caught. 

lth u h numb r trapped from individual ponds do not necessarily represent 

p pulati n in tho e ponds, the greater numbers trapped in long-term established 

nd rna ha indi ated that turtles have an affinity for more fully developed 

y t m h ponds had not only had greater overall plant communities but 

pulati n of invertebrates and vertebrates. Turtle occurrence 

f turtl pr nt in different ponds) from pond to pond is given in 

nd 7 . Th data indicate that recaptures were also higher in the older 

nd . Th i further imp! ies an affinity , or preference, for well-

. I id r at th R were very mobile and moved from pond to pond 

and the low numbers of turtles trapped within individual 

p n . indi i ual p pulati n stimate for each pond were not possible. A 

p ulati n timat p rf rm d for the whole LAERF, including individuals 

han 

fr rn th 

ndi 

tud y p nds four additional ponds and turtles caught by 

R I ider population was estimated at 705 (88 per 

at r: igur and Appendix B). This population density is 

ith th tudied by rn t and Barbour (1972) who reported 

pulati n d n iti 72 t 153 p r hectare in pond and lake . A smaller rang of 



Pond spec1.es The 1 of 
individual 

I turtles that 
were captured 
in the pond 

I TOTAL 

32 25 
33 hydrilla 35 111 
37 51 

14 Euras1.an 16 
15 watermilfoil 32 115 
30 67 

25 Southern 34 
46 naiad 21 61 
54 6 

10 Amer1can 21 
35 pond weed 36 106 
39 49 

onds . 

The I of 
individual 
turtles that 
were recaptured 
later in the 
same pond 

TOTAL 

·~· 

4 19 
11 

1 
3 23 

19 

8 
2 11 
1 

1 
2 13 

10 

The tr of 
individual 
turtles that 
were recaptured 
later elsewhere 

TOTAL 

7 
13 33 
13 

4 
9 22 
9 

11 
3 17 
3 

6 
16 31 

9 

The # of 
individual 
turtles never 
recaptured 
again 

TOTAL 

14 
18 59 
27 

11 
20 70 
39 

15 
16 33 

2 

14 
18 62 
30 

w 
0 



ble 7 

Pona Spec1es The 1 ot 
individual 

# turtles that 
were captured 
in the pond 

M-F-J TOTAL 

32 15-6-4 
33 hydrilla 23-10-2 70-23-18 
37 32-7-12 

14 Euras1an 15-1-0 
15 watermilfoil 18-11-3 75-26-14 
30 42-14-11 

25 Southern 15-15-4 
46 naiad 15-4-2 33-20-8 
54 3-1-2 

10 Amer1can 13-6-2 
35 pond weed 21-8-7 61-29-16 
39 27-15-7 

with numbers broken down bv sex. 

The I of The t1 ot The # ot 
i ndividual individual individual 
turtles that turtles that turtles never 
were recaptured were recaptured recaptured 
later in the later elsewhere 
same pond 
M-F-J TOTAL M-F-J TOTAL M-F-J TOTAL 

2-1-1 4-1-2 9-4-1 
4-1-0 11-3-6 9-3-1 20-6-7 11-6-1 40-14-5 
5-1-5 7-2-4 20-4-3 

1-0-0 4-0-0 10-1-0 
1-1-1 13-3-8 6-3-0 14-8-0 11-7-2 48-16-6 

10-2-7 4-5-0 27-8-4 

1-7-0 6-3-2 8-5-2 
2-0-0 3-7-1 2-0-1 10-4-3 11-4-1 20-9-4 
0-0-1 2-1-0 1-0-1 

1-0-0 4-1-1 8-5-1 
1-0-1 8-3-2 11-3-2 18-8-5 8-6-4 34-19-9 
6-3-1 3-4-2 18-8-4 

w 
~ 
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5_ to 205 per hectare is commonly reported for suitable habitats (Harless and 

M rl k 1979; Gibbons 1990). 

th 

It i 

x ratio fo r all turtles trapped was 4:2:1 males, females, juveniles 

ti I y. R p rted sex ratios of other turtle populations examined elsewhere in 

b n va riab le but generally approach 1:1 (Cagle 1950; Webb 1961). 

that th trap used selected for smaller turtles, and , since males are 

33 

t 'Pi II I mall r than f ma les th is might account for the variation from the expected 

r ti i th i w r true, juvenile captures would also be higher than those 

und 111 JU nil are also smaller than females . Juvenile populations 

ar rt d a ing less than 20 % of the mature population (Ream and 

R m 1 . Ju v nil nly make up 13% of the total turtles caught at the LAERF, 

w II within th n rmal I im it , the trap used does not seem to be discriminating 

11 • t / and thu. w n t e l cting out the males. The unusual sex ratio found 

du rin rhi .. t d , at th i interesting. However, since examination of sex 

rati f th bj ti e in this research no further investigation was 

d n 



CHAPTER V 

CONCLUSIONS 

bj t i of the experiments in this thesis were to (1) investigate 

wh th r r n xhibit feeding preferences and selectively consume certain 

u m r d aquatic plants· and (2) estimate population sizes in order to 

rmlll h th r r n t turtle density is related to pond characteristics , particularly 

th aqu ti lant mm unity present. 

he r ul cr ibed for food preference and for the population study are 

pr d iet d in the hypotheses. Sliders exhibited feeding 

and ct i ly c nsumed certain species of submersed aquatic plants. 

n it rna ' al 

f aqu ti c lant 

It i v id nt f r 

aquatic rna r h 

relat d to pond characteristics , although the dominant 

a fac tor than hypothesized. 

arch that sliders preferentially selected some 

r th r m th the paired and multiple comparison tests. 

1 id r may function as selective herbivores , choosing one 

r an ther ~ r c n umpti n. T heoreticall y, in a plant communi ty 

c mpri d th fj p c t t t d American pondweed Eurasian watermilfoil , 

34 



hydrilla Southern naiad and vallisneria) , sliders would exert the greatest pressures 

n IIi n ria the most preferred species. Eventually, this herbivory might reduce 

all i n na pre ence in the community. While vallisneria becomes reduced , other 

plant pecially those least preferred , would increase. 

P pulati n izes were estimated from mark-recapture data. While this did 

cl ar preference for habitat based upon the dominant plant species 

pr nt th y did app ar to prefer more mature ponds with well-established 

c mrnuniti f th plants and animals. Sliders are not strict herbivores, and will 

hi it arni n uitable prey is easily available. Observations in this study 

35 

t th t 1 id r d n t choose habitats based solely upon the presence or absence 

c1 . H wever , if ponds with vall isneria had been available , 

111 i ht ha b n detected since vall isneria is the most highly preferred 

pi nt 



REFERENCES 

n W. J. and Pine , R. T. Plant preferences of triploid grass carp. Journal 
quati Plant Management 29: 80-82; 1991. 

hi r. Th Audubon Society Pocket Guides: Familiar Reptiles and 
f North America. New York, New York: Alfred A. Knopf, 

1: 2. 

hi m , . , ditors. The Audubon Society Field Guide to North 
n R ptil and Amphibians. New York, New York: Alfred A. 

n pf. In . , 19 :446-453. 

rn it mixing: nonadditive interactions of diet items in an omnivorous 
t r turtl . c I gy 72: 1234-1241; 1991. 

r f the slider turtle, Pseudemys scripta troosti 
ical Monographs 20: 31-54; 1950. 

rt r . h effects of grazers and I ight penetration on the 
tran !ant f Vallisneria americana Michx in the tidal Potomac 

quatic Botany 23: 197-2 13; 1985. 

h m .. Han n. J. M. Burke, J. M. and Prepas, E. E. The impact of the 
.=..:,...:::::..=..;...:..=~ __ir_ili_ n aquatic macrophytes. Freshwater Biology 24: 

Jar · . Brand in a. a marking t chnique for amphibians and reptiles. Copeia 1: 

- 1 I· 1 71. 

Jar . 
r m 

nan. 

n . J. i tary h ift in the turtle Pseudemys scripta Schoepff 
rit . , p ia 4: 704-706· 1969. 

and Amphibians of Eastern and Central 
h p t r n i Jd Guide Series Third Edition. Boston , 

ught n Mifflin ompany, 1975:60-62. 

36 



nant R. and oil ins , J. A. Field Guide to Reptiles and Amphibians of Eastern 
and ntra l North America: The Peterson Field Guide Series Third Edition. 
B t n Ma ach usetts: Houghton Mifflin Company, 1991:62-65. 

b r t r y M anual of General Ecology. Dubuque, Iowa: Wm. C. Brown 
mpany Publi he rs , 1985:44-46. 

my fa biological hazard: Myriophyllum spicatum L. in the 
in , British Columbia. Journal of Environmental Management 
3. 

rn t .. H. th f th painted turtle, Chrysemys picta, in southeastern 
H rp tologica 27: 135-141 ; 1971. P nn 

rn t ur , R. W. T urtl es of the United States. Lexington , 
nt r ity Press of Kentucky , 1972:147-154. 

37 

II h r. . ~ . and W. T . Hall e r. History and development of aquatic weed control 

Harl 

If art. 

in lh nit d tat . We d Science 5: 115-192; 1990. 

ak r , . A Fie ld Guide to Reptiles and Amphibians of 
M nthl y Pr , Inc. , Austin , Texas , 1987:106. 

n . J. i Hi t ry and co logy of the Slider Turtle. Washington , D. C.: 
1990. 368 pp. . tnith nian In tituti n Pr 

ie tar an 
m a . uthe rn 

ding be havior , food consumption, growth , and 
ra arp in two South Dakota Ponds . North American 

Manag me nt 5: 457-464 ; 1985. 

urtl s Pe rspectives and Research . New York , New 

n 1979:586-588. 

habitat hi ft with ize of red -eared turtles (Pseudemys scripta) 
ui iana p pulat i n. Herpetologica 39: 285-290; 1983. 

m ri ca n wildcelery (Vallisneria americana): 
1r n. S D 
n idc rati n f r r torati n. Washington , DC: U epartment 
r . Fi . hand ild li f e rvice . Technical Report 19, 1988. 



38 

Parm nt r R. - f~ ct of ~ood availability and water temperature on the feeding 
I f pond s l1ders (Chrysemys §.. scripta). Copeia 3: 503-514; 1980. 

arm nt r R. a nd 
rnith 

ery , H. The feeding ecology of the slider turtle. Washington , 
nian Inst itution Press , 1990:257-266. 

u k m thod fo r permanently marking snakes and turtles. 
i a 26: 428-430; 1970. 

R m nd R. R a m. Th influence of sampling methods on the estimation of 
ti n tru tur in painted turtles. American Naturalist 75: 325-338; 

, .I lit u l . I tati tica l Software Release 6.03 , Cary, NC. 

hn t im t i n f the total fish population of a lake. American 
M nthl y 45: 348-352 . 1938 . 

. m q ati · !a nt c mp tition studies in Guntersville Reservoir. Proceedings 
nnu I M t in , Aquatic Plant Control Research Program , 18-22 

r 1 I. Da ll a ,T xa . USAE Waterways Experiment Station , 
ntal l b rat ry, Final Report , Miscellaneous Paper A-92-2 , 1992. 

I. 1 . . 11 

h acinth. , t n 

rvat i n 
Ill k 

r h water turtles as strong predators of water 

12 1- 1202; 1983. 

n th I i~ histories of turtles (Genus Pseudemys and 
x rna Oklahoma. American Naturalist 65:193-214. , 

un L. 11 
ghan . J . . , Jr. and Heidinger R. C. Food preferences , food 

r wth f th ~ 1 hybrid of g rass carp female X bighead carp 
i h ri e Society 11 2: 661-664 ; 1983 . 

Z r. . H . Bi tati ti al naly i 
ng lewood C li ffs , New Jersey : Prentice-Hall , 

In .. 1 : L ..... - 1 



APPENDICES 



APPENDIX A 

TAGGING INFORMATION 
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120F I 37 1 6/4/92 36(38) I 6/6192 
121M I 37 1 6/4/92 
122 M I 54 1 6/4/92 
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124 F I 26 1 6/4/92 25 16/ 16192 25 17/ 14/92 
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216M I 32 18/17/92 
211 M I 33 18/17/92 I 33 19/14/92 
21 8 F I 39 18/17/92 I 41 (38) 19/20/92 
219M I 46 18/17192 
220M I 10 18/21 /92 33 13/28/93 
221 F I 39 18/21 /92 
222J I 25 18/21/92 
223M I 25 18/21/92 14 14/25193 
224M I 14 18/21/92 
225 J I 30 18/23192 
226 M I 33 18/23192 1013/26/93 
227 J I 25 18/23192 
228 M I 10 18/25192 10 110/18/92 
229 J I 35 18/25192 
230 J I 30 18/27/92 
231 J I 5418/27/92 I 541 9/6192 
232M I 1 (26) \8/27/92 j17(26l 110/12/92 
233 M I 1 (26) 18/27/92 
234 M I 14 18/27/92 14 11 0/20/92 
236 J IESCFP I 1 40(38) 110/26/92 
237M 113(49)18/29/92 1414/23193 
238 M I 1 ~1 8/29/92 
239 M I 3518/31/92 

15 -4 /9193 
35 10/ 16/92 

32 110/22./92 

33 1 6/9193 

32 11 0/3{)/92 

33 14/1 1/93 I 181_26~ 1 4/27/93 

3013/30/93 3014/19193 

14 14/23193 

30 I 5/7193 
3915/25193 

331 6/9/93 

t 



l 1 
, rooT 

I or I • 
_S! X ~ d; CAP ~ l CAP l c?;; I 

,,., lPONO I OA 

4 

~ 

IPONO I OA 

f:..AP . 

IPOHO I DATE !POND OATE 
O F t1 OF 

CAP . 11tl CAP . 
CAP . I CAP. 

-- -240 M U(J6}~1 1J 00- - - 33 IH2J9~ 
2 4 I M t \ 5 etl 1112 
242M - 37 9M2 ~ 37 I H ll/9'2 -- • --t---t----+---+ --+ ---t----r- -

43 M -- 25 97.~2 2S 10/ 10/92 25 11 0/ 18/9~ [__-=t-

PONO DATE 
POND I DATE !POND I DATE • OF t1 OF t1 OF 

lt:h CAP. t1h CAP . 1oth CAP. 
CAP. CAP . CAP . 

I t 

2U J --- l9 9/ 4192 40 l 3!1_ 9/'2~~ __ 

4 ~ M 54 9 16~~ 40 ('!1_ 10/6{92 ~r 3~/_3tV9...;...._3_,,r----tl----+--t---+--t----l---t---t---t----t---+---t----t---t 
246 F 39 9/1~2 

47 M 30 9/W92 -
248 F- 30 9/ 14192 
2•9 M l3 ~+---=~=:-::-t------::-3 -=-!5 t--:---:, 0:7/ ,----=-2,=9-=--!2 1- -:3----=-_g +-1 -:-:4/--:-:1 19=3~, -=39:+1-:-:4/--:-:11:-:=-:/93 I' 7 (38) 15/ 1 1/93 I I I I I I I l===l 
250 M 30 9/ 16192 
251 F 
252 M 
253M I 37 138119/20192 
254 M I 401381 19/'24/92 
255 M I 401381 19/24192 
256 F I 401381 19/24192 
257 M I 40 1381 19/24192 
258 J I 401381 19/24192 
259 M I 30 19/26192 
260 M I 35 19/26192 
26 1 M I 35 19/26192 
262 F I 33 110/2/92 
263 M I 33 1 1 0/2/92 
264 M I 35 11 0/2/92 
265 M I 39 1 1 0/2/92 
266 J I 1 o 11 0/6/92 
267 M I 4li26l 11 0/6192 
268 M I 4 7 (26) 11 0/6/92 
269 M I 4 7 (26) 11 0/6192 
270M I 37 110/ 10/92 
271M I 39 110/10/92 

32 110/26/92 

37 14/21/93 
39 14/27/93 
39 15/ 15193 
39 It 0/26/92 
30 11 0/26/92 

32 110/22/92 

33 110/6192 

32 11 0/22/92 

25 11 0/28/92 
46 110/28/92 

272 J I 25 11 0110/921 17 (26) 110/22/92 
273M I 14 110/10/92 
274M I 30 110/12/92 
275 F I 17(26) 110/12/92 
276M I 14 110/12/92 
277 M I 15110/12/921 18(26) 14/27/93 
278 F I 15110/12/92 
279M I 18 110/12192 3915/25/93 
280 F I 39 110/14/92 
281 F I 35 110/16/92 
282M I 33 110/18/92 

30 14/ 11/93 

46 11/ 12/93 

15111/15/92 

.p.. 
+:--



N• 

! T 

I o~ 
1 

,~ I CAP 2nd 1 CAP l ltd 1 CAP . 1 • 
&" X i~ - ~ -~~- ~--- - - CAP .. C - CAP . 

POND DATE PO!l«l DATE PO~ I DATE IPO~ I DATE IPO~ I DATE # OF OF # OF # OF # OF 
CAP . CAP. •~t~ CAP . eth CAP. t 0tt1 CAP. 

CAP. CAP . CAP. 

A 

Iil l.r\J1l~fl--- -m~TIU'Hr ~Tfi/5'!! 
4. F . 31 \tono 9'2 t5 •nll93 1 ,o 1 6"2J'9~ .._ ~-
~ M ll10~19l 35 4/ t 1/93 

__ 6 M - ll \0110"2 10 10126192 
t 217 M --3l101'2'0191 10 lrl~9l 

'281 J - 37 10!'20ri'2 37 10/22/9-1 
189 J . . 37 10/10192 - 37 10/26/91 

290 J 37 tQ_/10/92 ~381 4/21!931 - -t---+---t---t---t----+----+---+---t---t----t----+----t----t---t----f 
I M 46 10/20/92 46 1/ 12/93 

2'92 M - 46 101'20192 25 t-1/i9t92 
~93F ---4610/20/92 -- r~~~--r--~r---r---r--r--~r---r---r--~--~-~---r--+---+---+--~ 

2s• J 46 0/20f92 
12 14/2 1{93 

29 7 J I 35 tt 0122/92 
298 F I 35 h O/'l2192 33 13/28193 33 13/30193 30 14/ 13193 30 1 5/7/93 30 1 6/2/93 
299 F I t 7 126) 11 0/22/92 15 15/ 17/93 
300 F I 17 !26) 11 0/22192 
30 1 M I 17 126) ~ 0/22/92 15 II 0/26/92 15 I 3/30/93 
302 M I 17 126) ll0/'l2192 
303 M I 1 7 126J \1 0/22/92 
304 J I 30 110126/92 30 111/13/92 30 I 4/ 11/93 30 14/ 13/93 30 14/ 19/93 30 14/21/93 
305 F I 30 110/26/92 32 1 1/4/93 
306M I 37 110/26/92 30 15/ 17/93 
307 F I 4~\10/26/92 42(38) \ 4/21 /93 t:!li1_38l I 5/ 1/93 
308 F I 39 110/26/92 
309 J I 39 11 0/26/92 
310M I 14 110/26/92 
311 M I 32 110/28/92 
312M I 46 110/28/92 
313 J I 25 110/28/92 129{26) 13/ 19/93 
314 M I 6 11 0/28/92 
315 F I 6 110/28/92 15 111/17/92 
316M I 6 110/28/92 35 13/28/93 
317 M I 6 11 0/28/92 
318 F I 6 110/28/92 
319F I 6 l10/28/92 \ 47(38l l 5/11/93 
320M I 35 110/28/92 136(38) 111/29/92 147(3811 1/4/93 
321 J I 35 11 0/28/92 1 35 13/28193 
322 F I 32111/1/92 
323 J I 32 111/1/92 I 321 1/4/93 30 I 4/1/93 3014/11/93 
324 J I 37 111/1/92 I 47(38) I 1/4/93 
325M I 3~1 11/1/92 .p. 

Ul 



lUf\t\ T tAT 

l.t CAr tnd 1 CN' lrd CAP I 4 
Sf X CI<P CAP CAP CAP . 

30 /4fjJ 35 ; 3 

n.,; r l l'J{Jar f U 119l 1t-- JO t 4T1..VSJ l i9 r~t2~il t 30 l 612/83 
l'H J [ 31 l':'G} \ 1/\.'92 41tJ8) \' 1 ' 1 3~2. 
321 M l !!.1~} I \/ 1'92 33 1 3 

TA 

T 

~ 

~ 

lA I , 0 

CAP . 

~ t---n-15/ 1 

f 
ttl 

CAP . 

l 
ATE ' POND I DATE IPONO I O.ATE IPONO I OA • OF • OF # OF 

•th CAP . l'1:h CAP. 1Oth CAP. 
CAP . CAP . CAP. 

-+- -

- -+--- +------+--
3 u 5'2119-t-3 --+---t---+-----t---1---1 

t~\~J l;~~ ::::~~ f- ~-~ =-= = -~-- EJ==4§ §1 I I I I I I I I I I :~g :·1;1,:~~~:·~~! ~~~2 - - 3~ -~~~~-b 
335 J 47(38) 11/13/92 ~ 

J-9~ 

336 F 39 1 \/1 3/92 
337M 39 ~ 1/ 13/92 .\0 (38) 4/ 19193 t- 391 4/23193 _1 

~JaM 371l/isi92 36 (38} ~ 1/29/92 42 (38J l 4t21 /93 J 39J 4t23/93 
339J 37h1115/92 35 1/12/93 37 15/ 11/93 
340 J I 39 111115/92 1 39 15129193 
341 J I 39 h 1/ 15/92 
342M I 25 111/15/92 1 2~ 1 3/ 19/93 
343M I 14 111 /15/92 1 15 1 4/9/93 14 14/25193 I 1 ![26l IS/27/93 
344 J I 16(26) 111 / 15/92 
345 F I 16(26) 111 /15/92 25 1 1/4/93 
346M I 16(26) 111/15/92 
347 F I 16(26) 111/15/92 15 1 4/9/93 15 14125/93 
348 J I 33 112/1/92 
349M I 14 112/ 1192 15 1 5{7/93 
350M I 37 112/ 18/92 
351M I 25 112/18/92 46 11/12/93 
352M I 25 112/18/92 
353 F I 15 1 1/4/93 
354 M I 35 13/24/93 33 13/28193 32 13/30/93 
355 F I 30 13/24/93 
356 F I 30 13/26193 
357 F I 39(38) 13/26193 
358 M I 33 13/28193 
359 M I 33 13/28/93 
360 M I 32 1 3/30/93 1014/27/93 
361 M I 33 1 3/30/93 
362 M I 35 13/30/93 
363 F I 35 13/30/93 
364 F I 35 13/30/93 33 14/11/93 
365 F I 29(27) 13/30/93 
366 M I 35 1 4/3/93 39 1 5/7/93 
367 M I 351 4/3/93 3714/19/93 37 14/21/93 3915/13/93 3915/15/93 3915/25/93 
368 M I 351 4/9/93 37 14/19/93 37 1 5/5/93 37 15/13/93 

+:--
0"\ 



Tl 

' SlX CAP CAP . CAP 
let> M ' 
l70 M ~ • 
l7 \F· 

t· 311 M • ~49 1 4 

t 

INFO AMA TllN • 

1 1 

I ~ 
I PO~ 

5tl. 
CAP 

1A 

I 4 

CAP 

A " ~~ ~ oA 
lei I 

I PO hi> 

• .-th 
CAP. 

DATE PO hi> DATE PONO I DATE 
OF • OF • 0 

CAP . t1h CAP . 10th CAP . 
CAP . CAP. 

' !. - t - J - -1. -=r--·r-t---1--+--t--+--t----t---r-. 
37H - -

31 4 F 
31SM 
376 M 
377M 
378 F-

J • -r---=-~~ ---= ~---r==r==t=l=-3= I j I 13 I I I 
- - i · --- - t t -~--t ----+---"--

~ L=±- _:-t--f I I I I I I I I I I I 

t--~~---3_7 1 51 1~93 ~--~----~----~----~--~------+----+-----+----+----~----+-----+----+-----+----+---~ 

38 15/19193 
384 F I 15 14/23193 
385 M I 37 14/25193 
386M I ~~ l_~/ 1~3 
~87 M I 30 1 5/5193 30 I 5/7193 

388M I 37 1 5/5193 
389 F I 10t9} I 5/719 3 
390 F I 33 1 5/7193 
391M I 39 1 5/7193 
392F I 39 1 5/7193 1 47~ 1 5/27/93 
393M I 39 1 5/7193 
394 F I 17(26\ I 5/7193 
395M I 47(38) 15/11/93 46 15/13193 
396 F I 4 7 (38\ 15111/93 
397M I 12 15/13193 
398 F I 49 15/13193 
399 M I 49 15/13193 
400 F I 36(26) 15/13193 
401 M I 37 15/15193 
403 F I A(15) \ 5/1 9/93 I 36(35) 15/25/93 
404 M I 37 15/19/93 I 3715/21 /93 
405M I 37 15/19/93 
406 M I 39 15/25193 
407 F I 9 15/27/93 
408 F I 37 15/27/93 
409 F I 19(26) I 6/9193 
413 M I 30 1 6/9193 
414 F I 30 1 6/9193 
415 M I 30 1 6/9193 

~ 
-......! 



'0 
c 
0 
0. 

l 

48 



PP NDIX 8 

PtJ L ~ J 1- .'TIM BY THE SCHNABEL METHOD 



N: .y 

r DAlE l"'A'ucs::o1 su.~~ -~--PruReo~r sua:. [,_ su -..- :ftecA'PTORt:sTisoMf!New oAi'trpoPcra-··no:~cow~lfiUPPE'R._,r--sto 
t> 

1 

<c.} c u.-,-c,) (R,) iR I" '"RKs {1} 1 esT•_uATE iCL. 9SYt:ICL. es" eRROR 
- { N.} 

~ 02 ~Ju" -~ 1 ! 1 OL 6 8 0 0 . 0 6 06102192 0 0 .0 0 .0 O.C 
~ 04_- J~n - 92 L _ ~ ~ ~ l 'C!L 1e L ,... ___ q _ , _ 9 06104~ 1 . -·- 144 127.6 1so.4 8.3 

Ott Jun - 92 : 3 [ 12 : 4 ~ 20 · _ 24o f _ _ ' i . 2 _ 3 o6106192 l 120 101 .1 132.3 6 .3 
08 · ~ u'!_:- 92 l 31 15 . 3l 23 f _ 345 ~ -----~ 0 .~ 1 _ 3 06108/92 _ _ 173 159.7 185.3 6.6 

I· 10 - J~~ - 92 ~ _ 1 ~ 1s . ' l 241 ~- 384 __ ~- o~ 2J _ _ 1 ~6/ 10192 192 ns.e 204 .1 6.2 
12 - Jun - 92 51 21 5 29 l 609 0 2 5 06/ 12192 305 290.6 318.4 7.1 

, 14 -J~n. 92 1 s f 21' a· 37 - 999 2 4 1 - - -s 06/ 14/92 2so 238.1 261 .4 6.0 
' 16 Jun - s( _- J\ · 30 ~ _ _ 4 . ~1 L 1230 f 1 5 l--3 06/16ifii - 246 235.1 256.9 5.5 

18 Jun - 92 7 37 L _ _ _ 7 1 ~~- 1?76 ____ 0 5 7 06/ 18/92 355 3.42 .9 367.5 6.3 
20 - Jun - 92 4 41 4 52 2132 0 5 4 06/20r:¥2 426 413.6 439 .2 6.5 

~- -------- -- - --
22 - Jun - 92 1 42 3 55 2310 2 7 1 06/22192 330 319.3 340 .7 5.5 

l 24 - Jun-92 -- 8 50 -. -- 10 65 3250 2 9 8 06/24/92 361 350.4 371 .9 5.5 
\ 26 - Jun-92 4 54 6 71 3834 2 11 4 06!26/92 349 338.4 358.7 5.2 

t28 - Jun - 92 2 56 2 73 4088 0 11 2 06/28/92 372 361 .5 381 .7 5.2 
30 - Jun - 92 3 59 5 78 4602 2 13 3 06/30/92 354 344.5 363.5 4.9 
02 - Jl.d - 92 1 60 1 79 4740 0 13 1 07/02/92 365 355.3 374.0 4.8 

1 04 - Jul - 92 2 62 3 82 5084 1 14 2 07/04/92 363 354.1 372.2 4.6 
i 06 - Jul - 92 1 63 2 84 5292 1 15 1 07/06/92 353 344.1 361 .5 4.4 

08-Jul - 92 0 63 0 84 5292 0 15 0 07/08/92 353 34.4.4 361 .2 4.3 
10 - Jul - 92 0 63 0 84 5292 0 15 0 07/10/92 353 344.6 361 .0 4.2 
12-Jul-92 6 69 7 91 6279 1 16 6 07/12/92 392 384.0 400.9 4.3 
14-Jul-92 0 69 2 93 6417 2 18 0 07/14/92 357 348.6 364.4 4.0 
16 - J ul-92 1 70 1 94 6580 0 18 1 07/16/92 366 357.7 373.4 4.0 
18 -Jul-92 3 73 3 97 7081 0 18 3 07/18/92 393 385.5 401.3 4.0 
20 - J ul-92 2 75 4 101 7575 2 20 2 07/20/92 379 371.1 386.4 3.9 
22 - Jul-92 2 77 3 104 8008 1 21 2 07/22/92 381 373.8 388.8 3.8 
24 - Jul - 92 3 80 3 107 8560 0 21 3 07/24/92 408 400.0 415.2 3.9 
26 - Jul - 92 0 80 0 107 8560 0 21 0 07/26/92 408 400.1 415.1 3 .8 
28-Jul-92 0 80 1 108 8640 1 22 0 07/28/92 393 385.5 399.9 . 3.7 
30-Jul-92 0 80 0 108 8640 0 22 0 07/30/92 393 385.6 399.8 3.6 

01-Aug-92 0 80 0 108 8640 0 22 0 08/01/92 393 385.8 399.7 3.6 
03-Aug-92 6 86 6 114 9804 0 22 6 08/03/92 446 438.3 452.9 3.7 
05-Aug-92 4 90 5 119 10710 1 23 4 08/05/92 466 458.3 473.0 3.8 
07-Aug-92 0 90 0 119 10710 0 23 0 08/07/92 ----~66 458.4 472.9 3.7 V1 

0 



M 

I DA lC'fWA~t<CO ' sow ~AP1UR£01 SUM r s_TUMI rJ:CAPl'OAES~SUU~NEvi ,_()A ~oplJIAT(ofciW£R UPPE'R-;r--SIO 
(. ) I (C.} C j{Wt C1} ( 'RJ R MARKS (.} , ,ESTt!MAT:E L. 95~CL. 95" ERROR 

. . J _ fN.} 
1( ~ - Aug : 92 s e~ , ~ 6 - 125 11875 [- _ 1 24 . ~ _ 5 ._ 08109192 . __ ~S r- 487 . 4 502.2 3 .8 
l " Aug s2 ' , ; 96 1 , 12e t209s r o 24 t 1 oat 11/9'2 so4 496.7 5 11 .3 3 .7 

13 Auo 92 2 f - sa ! - 4 130 121•o · - 2 ~ 26 . - 2 08/ 131'92 -- 496 -4m~i1 3.6 

\ 

ts Aug - 92 -- o ~ -sa· o 130 - ,274o f --- - - ot- 2s t -- o 08/ 151'92 -- 490 483 .0 497 .o 3 .6 
\7 Aug 9·2' 4l 102 1 6 136 - 13872 i -~-- 2 [ 28 -~ 4 08/ l7m. 495 488 .4 502.4 3 .6 
19 ..:Aug 92 ; ol 102 ~ _ o 136 13872 ~ _· _::_::: 01 28 ! _:-:: o 08/ 19/92 495 488.5 502.3 3.5 
21 - Aug - 92 Sl 107 6 142 15194 1 29 1 5 08/21/92 524 516.9 530.9 3.6 
23 - Aug - 92 • _ 31 110 1 --~ 5 147 _ 16 176 i ==~ r-- 3 1 3 08/23/S'2 522 514 .7 528 .5 3 .5 
25 - Aug - 92 t 2 112 t 2 149 16688 0 31 2 08/25/92 538 531 .4 545.3 3 .5 
21 - Au9 - s2 l _ 5 ~n ~ - 6 155 181 35 - , ~2 5 ~!27!92 567 559.7 573.8 3.6 
29 - Aug - 92 t 2 119 2 157 18683 0 32 2 08/29/S'2 584 576 .8 590.9 3.6 
3~ - Au~92 - 3 - 122 - 3 ~0 19520 0 32 3 08/31 /92 610 602.9 6 17.1 3 .6 
02 - Sep - 92 2 124 2 162 20088 0 32 2 09/02/92. 628 620.6 634 .9 3.7 
04 - 5_!~92 - ---,- 125 ~ 1 163 20375 0 32 1 09/04192 637 629.6 643 .9 3.6 
06 - Se p- 92_ 1 126 __ 2 165 20790 1 33 1 09/06/92 630 623 .0 637.0 3.6 
08 - Sep - 92 0 126 0 165 20790 0 33 0 09/08/92 630 623.0 637.0 3.5 
~0 - Sep - 92 0 126 0 165 20790 0 33 0 09/10/92 630 623.1 636.9 3.5 
~-2 - Sep - 92 l 127 3 168 21336 2 35 1 09/12/92 610 602.9 616.3 3.4 

14 - Sep - 92 3 130 4 172 22360 1 36 3 09/14/92 621 614.4 627.8 3.4 
16 - Sep-92 1 131 1 173 22663 0 36 1 09/16/92 630 622.8 636.2 3 .4 
18 - Sep - 92 2 133 3 176 23408 1 37 2 09/18/92 633 626.0 639 .3 3.4 
20-Sep - 92 1 134 3 179 23986 2 39 1 09/20/92 615 608.5 621 .5 3.3 
22 - Sep - 92 0 134 2 181 24254 2 41 0 09/22/92 592 585.2 597.9 3 .2 
24 - Sep - 92 5 139 6 187 25993 1 42 5 09/24/92 619 612.5 625.3 3.3 
26 - Se_~ - 92 3 142 4 191 27122 1 43 3 09/26/92 631 624.3 637.2 3.3 
28 - Sep-92 0 142 0 191 27122 0 43 0 09/28/92 631 624.4 637.1 3.2 
30 - Sep-92 0 142 0 191 27122 0 43 0 09/30/92 631 624.4 637.0 3.2 
02-0ct-92 4 146 5 196 28616 1 44 4 10/02/92 650 644.0 656.7 3.2 
04-0ct-92 0 146 0 196 28616 0 44 0 10/04/92 650 644.1 656.7 3.2 
06-0ct-92 4 150 6 202 30300 2 46 4 10/06/92 659 652.4 665.0 3.2 
08-0ct-92 0 150 0 202 30300 0 46 0 10/08/92 659 652.5 664.9 3.2 
10-0ct-92 4 154 6 208 32032 2 48 4 10/10/92 667 661.1 673.6 3.2 
12-0ct-92 6 160 9 217 34720 3 51 6 10/12/92 681 674.5 687.0 3.2 
14-0ct-92 1 161 4 221 35581 3 54 1 10/14/92 659 652.8 665.0 3.1 

Vl ,_.. 



,_ 0~ r~loi~AI(£Dl suw f~PTUilEO~UMl sow- AE"C:Xf>TUR£S•sOUTA~oPOOO'f01\~£ffUPP£JC"l!l'rD-
(.) (C,) c (M,• CJ I (R·J IR ia.IARKS { j} I ESTlMA TE ~L. 95~CL. 95,. ERROR 

_ _ , l 1Nj__ 
Hl - Oct - 9'2 1 1&2 1 2 Zll 38126 ! - 1 55 t - 'l f0/t 618'2 1 

• ~7 650.8 662.9 3., 
10 aa· ~ ~ 1 2 ;. t~ •· 5 228! 373921 3 58 2 10/1 8/92~ 645 838.7 650.6 3.0 

I 20 Od · 9~ 1 1J 1 177 ' ,s 2« 1 _ ~3 ,aa { 3 2 q = 13t ,ono/92 := 708 701 .8 71 4.2 3.2 
I 2'2 Oct - ~ a}-,ssr : 14 l 2S8 t _ !!77l0 ---- 6 _ 671_ S G 0/22192 2.12 708.2 718 .6 3.1 

24 Oct 92 . 0 l 185 0 258 47730 0 67 0 10f2 4/92 712 706.3 718 5 3.1 
28 Oct 92 ~ ~ I :~ - 17 l 275 • -52800 10 77 - 7 1 1 Of2 6/92 - 686 679 .7 691 .7 3 .0 
28 Od 92 11 292 59276 --- - 6 1 ~83 -= _! 1 1Q_/28192 ) 714 708.1 720.2 3 .1 
30 Oct - 92 ; 0 200 2 29 4 59682 2 85 0 1 0130/f¥2 702 696.2 708.1 3 .0 

~ . c 

10 ~ 213 -01 - Nov 9-2 12 306 65178 2 87 10 11 /0 1/92 749 743 .1 755.3 3.1 
03 - Nov - 92 i , 214 2 308 65912 , 88 , , 1/03/92 749 742.9 755.1 3.1 
05 - No~- 92 1 __ --~ --

749 0 21 4 0 308 65912 0 88 0 , , 105192 743.0 755.0 3.1 
214 -07 - Nov- 92 i 0 0 308 65912 0 8-8 0 11/07 !92. 749 743.0 755.0 3.1 

09 - Nov - 92 0 214 , 309 6612·6 1 89 0 1 1/09f,¥2. 743 737.1 748.9 3 .0 - -- ·--n - Nov - 92 0 214 0 309 66126 0 89 0 11 /11 192 743 737.1 748.9 3.0 
13 - Nov - 9'2 5 219 io ~19 r--sSa6 1 5 94 5 11 /13/92 743 737.3 749.1 3.0 
15 - Nov - 9'2 10 '229 11 330 75570 1 95 10 11 /15/92 795 789.4 801 .5 3.1 
17 - Nov -9'2 0 229 1 331 75799 1 96 0 11 /17/92 790 783.6 795.5 3 .0 ' 
19 - Nov - 92 0 2'29 0 331 75799 0 96 0 11/19/92 790 783.6 795.5 3.0 
21 - Nov - 92 0 229 1 332 76028 1 97 0 11/21/92 784 777.9 789.7 3 .0 
23-Nov-92 0 229 1 333 76257 1 98 0 11/23/92 778 772.3 784.0 3.0 
25 - Nov- 92 0 229 0 333 76257 0 98 0 11 /25/92 778 772.3 783.9 3.0 
27 - Nov - 92 0 229 0 333 76257 0 98 0 11/27/92 778 772.4 783.9 2.9 
29 - Nov - 92 0 229 4 337 77173 4 102 0 11/29/92 757 750.9 762.2 2.9 
01 - Dec - 92 2 231 2 339 78309 0 102 2 12/01/92 768 762.1 773.4 2.9· 
08-Dec-92 0 231 0 339 78309 0 102 0 12/08/92 768 762.1 773.4 2.9 
18-0ec-92 3 234 3 342 80028 0 102 3 12/18/92 785 778.9 790.2 2.9 
04-Jan-93 1 235 9 351 82485 8 110 1 01/04/93 750 744.4 755.4 2.8 
12-Jan-93 0 235 5 356 83660 5 115 0 01/12/93 727 722.1 732.9 2.8 
20 -Jan-93 0 235 1 357 83895 1 116 0 01/20/93 723 717.9 728.6 2.7 
19-Mar-93 0 235 2 359 84365 2 118 0 03/19/93 715 709.6 720.3 2.7 
24-Mar-93 2 237 2 361 85557 0 118 2 03/24/93 725 719.7 730.4 2.7 
26-Mar-93 3 240 5 366 87840 2 120 3 03/26/93 732 726.7 737.3 2.7 
28-Mar-93 2 242 8 374 90508 6 126 2 03/28/93 718 713.1 723.6 2.7 

" 30-Mar-9 3, 6 248 13 387 95976 7 133 ~ 0~/3Q/~ 722 716.4 726.9 2.7 
--

VI 
N 
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2 .6 
2 .6 
2.6 
2 .6 
2 .6 
2.6 

711 .1 2.6 
ol 1?_2 l = 1! 04/ 15/93. 711 705.5 715.5 2.6 
0 152 0 04/ 17193 1 711 705.6 715 .5 2 .5 

, 14646 i --- - -::;~ 04/ 19/93 14 43 1 7 159 721 716 .0 726.0 2 .5 .. .. .- ----- r--- ----
9 440 117480 8 167 1 04/21193 703 69·8 .6 708 .4 2.5 
8 448 120064 7 174 , 04/23/93 690 685.2 694 .9 2.5 11 269 

·--
5 1 6 454 12'2126 179 1 04/25/93 682 677 .5 687.1 2.4 ---

0 269 5 459 123471 5 184 0 04/27193 671 666 .3 675 .8 2.4 
0 ~ -

459 123471 269 0 0 184 0 04/29/93 671 666 .3 675 .8 2 .4 -
270 

r--- - ~5010 1 4 463 3 187 1 05/01 /93 669 663.8 673 .2 2.4 
- --~ , -- r--vo -03 :_M~ - 93 0 1 464 125280 1 188 0 05/03/93 666 661 .7 671 .0 2.4 

05 - May - 93 1 271 1 465 126015 0 188 1 05/05/93 670 665 .6 674 .9 2.4 
07 - Mav - 93 7 278 12 477 132606 5 193 7 05/07/93 687 682.4 691.8 2 .4 

0 278 0 477 132606 0 193 0 05/09/93 687 682.4 691.7 2.4 
2 280 5 482 134960 3 196 2 05/11 /93 689 683.9 693.2 2.4 
4 284 10 492 139728 6 202 4 05/13/93 692 687.1 696.4 2.4 
2 286 3 495 141570 1 203 2 05/15/93 697 692.7 702.0 2.4 
0 286 3 498 142428 3 206 0 05/17/93 691 686.8 696.0 2.4 
3 289 5 503 145367 2 208 3 05/19/93 699 694.3 703.5 2.4 

21 -May-93 1 0 289 2 505 145945 2 210 0 05/21/93 695 690.4 699.6 2.3 
23-May-93 0 289 0 505 145945 0 210 0 05/23/93 695 690.4 699.5 2.3 
25-May-93 1 290 6 511 148190 5 215 1 05/25/93 689 684.7 693.8 2.3 
27-May-93 2 292 5 516 150672 3 218 2 05/27/93 691 686.7 695.7 . 2.3 
29 - May-93 0 292 2 51 8 151256 2 220 0 05/29/93 688 683.1 692.0 2.3 
31 -May-93 0 292 0 51 8 151256 0 220 0 05/31/93 688 683.1 692.0 2.3 
02-Jun-93 0 292 3 521 152132 3 223 0 06/02/93 682 677.8 686.6 2.3 
09-Jun-931 7 299 11 53 2 159068 4 227 7 06/09/93 701 696.3 705.2 2.3 

ln 
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