
» 1984 B i l l y M. Wallace 



ORGANOCHLORINE PESTICIDE RESIDUES IN PHEASANT EGGS 

AND WATERFOWL FROM THE TEXAS HIGH PLAINS 

by 

BILLY M. WALLACE, B.S. 

A THESIS 

IN 

WILDLIFE SCIENCE 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

Approved 

Accepted 

May, 1984 



A:-

? 

ACKNOWLEDGEMENTS 

This research was made possible by financial support 

from the Caesar Kleberg Foundation for Wildlife Conservation 

and the Institute for Nutritional Science at Texas Tech 

University. I wish to thank my committee members, Drs. 

Robert J. Warren (chairman), Brian R. Murphy, and Robert M. 

Sweazy, for their support and suggestions into this thesis. 

On a personal note, a special thanks is extended to Dr. 

Robert J. Warren for his enduring patience, support, and 

friendship through out the study. I wish to thank him for 

having the faith in me when so many didn't. 

A project of this magnitude can not be completed by one 

person alone. For their laboratory assistance, I am indebted 

to Jay Wipff, Gary Hamilton, Due Nguy, Tim Isenhour, and 

Carl Walker. 

I wish to dedicate this thesis to my daughter, Olivia, 

who had to learn on her own how to do the many things a 

father is supposed to teach. This thesis is the end product 

of all those nights away from home. 

11 



ABSTRACT 

This study was initiated in January 1983 to gain 

insight into organochlorine pesticide residues present in 

wildlife within the Southern High Plains of Texas. 

Mallards (Anas platyrhynchos) collected within the 

region had higher p,p'-DDE residues than reported for other 

areas in Texas. Adult hens had the highest residues, while 

juvenile hens had the lowest residues; however, these 

differences were not significant (P >0.05). Juvenile and 

adult drakes had similar DDE residues. 

Blue-winged teal (Anas discors) collected in April as 

they migrated northward to their breeding grounds had higher 

(P <0.02) p,p'-DDE residues than those collected in 

September as they migrated southward toward their wintering 

areas. Juvenile teal had higher (P <0.02) DDE residues than 

adults, while hens had higher (P <0.003) residues than 

drakes. In addition to p,p'-DDE, heptachlor epoxide, 

endrin, o,p'-DDT, o,p'-DDD, and p,p'-DDT were detected. 

Pheasant (Phasianus colchicus) eggs showed a difference 

in p,p'-DDE residues and eggshell thickness among four 

habitat types. Residues were greater (P <0.05) in eggs 

collected from oat fields and playa basins than those 

collected from alfalfa fields and wheat fields. 

Ill 



Furthermore, eggs collected from oat fields and playa basin, 

were thinner (P <O.05) than those collected from wheat 

fields and alfalfa fields. 

IV 



CONTENTS 

ACKNOWLEDGEMENTS ii 

ABSTRACT iii 

CHAPTER 

I. INTRODUCTION 1 

II. ORGANOCHLORINE PESTICIDE RESIDUES IN MALLARDS 
FROM THE SOUTHERN HIGH PLAINS OF TEXAS 5 

Methods 6 
Results and Discussion 7 

III. ORGANOCHLORINE PESTICIDE RESIDUES IN SPRING 
AND FALL COLLECTED BLUE-WINGED TEAL 11 

Methods 13 
Results and Discussion 14 

IV. DDE RESIDUE LEVELS IN PHEASANT EGGS FROM 
CASTRO COUNTY, TEXAS 20 

Methods 21 
Results and Discussion 22 

LITERATURE CITED 26 

V 



LIST OF TABLES 

1- p,p'-DDE residues (ppm) in skin and sub
cutaneous fat in mallards from the 
Southern High Plains of Texas 8 

2. Organochlorine pesticide residues (ppm) 
detected in spring and fall-collected 
blue-winged teal 15 

3. Mean p,p*-DDT residues (ppm) in subcuta
neous fat of spring and fall-collected 
blue-winged teal 17 

4. Mean p,p'-DDE residues (ppm) in subcuta
neous fat of spring and fall-collected 
blue-winged teal 18 

5. Mean p,p'-DDE residues and eggshell thick
ness in pheasant eggs collected from 
Castro County, Texas 23 

VI 



CHAPTER I 

INTRODUCTION 

Today the Southern High Plains represents one of the 

most intensively cultivated regions in the Western 

Hemisphere, with cotton, corn, wheat, grain sorghum and 

vegetables being the predominant crops (Bolen 1980). There 

are estimated to be between 20,000-30,000 playa lakes within 

this region (Ward and Huddleston 1970). Playa lakes of the 

region are round or oval basins composed of Randall clay 

soils interspersed among sandy and loamy soils (Bolen and 

Guthery 1982). Guthery and Bryant (1982) surveyed playa 

lakes within 52 counties of the Southern Great Plains. They 

found that playa lakes occupied about 1% of the study area, 

with the average lake being 6.3 ha. These lakes, and the 

available waste grain, attract wintering waterfowl and 

provide year-round habitat for ring-necked pheasants 

(Phasianus colchicus), cottontail rabbits (Sylvilaqus flori-

danus and S.auduboni), and numerous other forms of wildlife 

(Bolen et al. 1979). 

Playa lakes play a critical role in the wintering 

habitat of pheasants (Bolen and Guthery 1982). Guthery et 

al. (1980) stated that without playas fewer pheasants would 

exist in west Texas. Fall and winter concentrations of 



V 

75-150 pheasants/playa are common in Castro County, Texas 

and may exceed 300 birds/playa (Whiteside 1983). 

Wintering populations of waterfowl exceed 1 million and 

may reach 2 million in favorable years (Curtis and Beierman 

1980). Bellrose (1976) estimates that as many as 300,000 

mallards (Anas platyrhynchos), 300,000 pintails (Anas 

acuta), and 150,000 American widgeon (Anas americana) may 

winter in the region. Because of the large population of 

wintering waterfowl and low hunting pressure, the High 

Plains Mallard Management Unit was formed (Funk et al. 1971) 

to provide a longer hunting season and more liberal bag 

limits than in other areas of Texas. 

Playa lakes, in addition to providing necessary habitat 

for wildlife, act as closed water systems that can trap and 

concentrate runoff pollutants from adjacent agricultural 

lands. The ecological effects of pollutants such as pesti

cides and heavy metals have been well documented (Stickel 

1975, Peakall and Lovett 1972). Since the early 1930's 

farmers within the Texas High Plains have been applying 

pesticides, of one type or another, to the lands around 

playa lakes (D. Ashdown, Texas Tech Univ., pers. commun.). 

Many of the pesticides used were very resistant to 

environmental degradation. Before the widespread use of 

synthetic organic pesticides in the 1940's, persistent 
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inorganic pesticides such as lead arsenate and 

organomercurial fungicides were used in the Texas High 

Plains. From the 1940's to the 1970's, chlorinated hydro

carbon pesticides such as DDT were used to control numerous 

insect and mammalian pests. These compounds were very 

inexpensive and in some instances excessive amounts were 

applied to many agricultural fields surrounding west Texas 

playa lakes (J. Hunter, Texas Tech Univ., pers. commun.). 

One of the major disadvantages of organochlorine and 

heavy metal pesticides that led to their restricted use was 

the adverse impact they had on wildlife. Carson (1962) 

emphasized this point by showing that pesticides not only 

affect target organisms but also other organisms within the 

ecosystem. Recently, the adverse effects of organoclorine 

pesticides have been brought to public attention by the 

application of endrin to Montana wheat fields. In 1981, at 

least 50,588 ha of Montana were dusted with approximately 

19,000 kg of endrin (Schneider 1982). Endrin is one of the 

more toxic chlorinated pesticides (Ware 1978). Studies by 

Tucker and Crabtree (1970) have shown the LD^^ of endrin in 

mallards to be 5.6 mg/kg, as compared to >2240 mg/kg for 

DDT. 

In the 1970's and 1980's the less persistent 

organophosphate pesticides have replaced the chlorinated 
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hydrocarbon pesticides (J. Hunter, Texas Tech Univ., pers. 

commun.). However, the organic and inorganic pesticides 

used up until the 1970's are all very persistent and thus 

likely to still be present today. The pesticide DDT has an 

environmental half-life of 10.5 years (Edwards 1973). Using 

this value, one can calculate that approximately 72 years 

would be required for DDT to become 99% degraded in the 

environment. The extent to which these contaminants are 

present in wildlife today may have an influence on our 

current and future wildlife management programs. 

The objectives of this study were to: 1) identify and 

quantify organochlorine pesticide residues present in skin 

and subcutaneous fat of mallards; 2) identify and quantify 

organochlorine pesticide residues present in subcutaneous 

fat of blue-winged teal (Anas discors) and 3) identify and 

quantify organochlorine pesticide residues present in 

pheasant eggs. 



CHAPTER II 

ORGANOCHLORINE PESTICIDE RESIDUES IN 
MALLARDS FROM THE SOUTHERN HIGH 

PLAINS OF TEXAS 

In the past, habitat quailty has been the major 

emphasis in waterfowl management. Realizing the potentially 

adverse impact of persistent chemicals to waterfowl, the 

U.S. Fish and Wildlife Service began monitoring organo

chlorine pesticide residues in wings from hunter-killed 

ducks in 1965 (Heath 1969). Johnston et al. (1967) 

justified using mallard wings to monitor organochlorine 

pesticide residues due to the broad geographical range of 

this species. Dindal and Peterle (1968) noted a significant 

correlation between DDT residues in the wing and residues in 

the breast skin, breast muscle and other tissues from 

captive mallards. 

Haseltrne et al. (1974) noted a 20.4% decrease in 

eggshell thickness in mallards when their diet contained DDE 

(10 ppm). Hagele and Hudson (1974) found that even 1 year 

after exposure to DDE (40 ppm), mallard eggs were still 7.4% 

thinner than control birds. 

In order to gain further knowledge of organochlorine 

pesticide residues, this study was initiated to: 1) 

determine organochlorine pesticide residues in mallards 



wintering within the Southern High Plains of Texas; and 2) 

determine if sex or age related variations in organochlorine 

pesticide residues exist. 

Methods 

Eighty-nine mallards collected by Whyte (1983) for a 

winter-condition study were analyzed for the presence of 

organochlorine pesticide residues. Birds were collected in 

Castro County, Texas between 15 October 1981 and 15 March 

1982 by shooting. Birds were aged and sexed according to 

Hochbaum (1942), Carney and Geis (1960), and Krapu et al. 

(1979). Subcutaneous fat and skin were homogenized and 

placed in individually labeled containers and frozen until 

analysis. 

Individual samples were prepared for gas chromato

graphic analysis by the micro-method described by Watts 

(1980). The first florisil fraction was collected and 

analyzed for the presence of organochlorine pesticides. 

Samples were analyzed by gas chromatography (Perkin Elmer 

Model 3920) using an electron capture detector (̂ -̂ Ni). 

Instrument and operating conditions were as follows: 



Column: 6' X 1/4" glass column packed with 1.5% 
SP-2250/1.95% SP-2401 on 100/120 
Supelcoport (Supelco Inc.) at 200°C. 

Carrier gas: 95% argon, 5% methane at 60 ml/min. 
Temperature: injector, interface and detector were 200^C, 

235^C, and 275°C, respectively. 

,0. 

An analysis of variance was used to test for differ

ences in organochlorine pesticide residues between sex and 

age (Steel and Torrie 1980). The Statistical Analysis 

System (SAS) was used for data analysis (Ray 1982). All 

residues are expressed in parts per million (ppm) wet 

weight. 

Results and Discussions 

Of the 89 mallards analyzed, Heptachlor epoxide and 

p,p'-DDE were the only organochlorine pesticide residues 

detected. Heptachlor epoxide was detected in 7.9% of the 

mallards analyzed, with 3.11 ppm being the maximum value 

observed. DDE averaged 0.62 ppm (Table 1) and was detected 

in 98.9% of the mallards sampled. 

Cain (1981) found DDE to average 0.28 ppm for mallard 

wings collected from Texas during the 1979-1980 waterfowl 

season. Our high residue value may be the result of 

collection location. Our mallards were collected from an 

intensively cultivated area (Bolen et al. 1979). Presently, 

the U.S. Fish and Wildlife Service Environmental Monitoring 



TABLE 1 

p,p'-DDE residues (ppm) in skin and subcutaneous fat in 
mallards from the Southern High Plains of Texas 

8 

Age Sex N S.E. Range 

Adult 

Juvenile 

Hen 

Drake 

Hen 

Drake 

Total 

^not detected at 0.01 ppm level. 

14 

23 

29 

23 

89 

0 . 8 7 

0 . 6 6 

0 . 4 4 

0 . 6 4 

0 . 6 3 

0 . 4 0 

0 . 2 0 

0 . 0 9 

0 . 1 7 

0 . 1 0 

0 . 0 7 - 5 . 7 0 

0 . 0 1 - 4 . 4 7 

ND^-1 .68 

0 . 0 2 - 2 . 9 5 

ND - 5 . 7 0 

Program emphasizes the eastern region of Texas, with no 

monitoring stations existing within the Texas High Plains. 

Despite being the second most important wintering area 

for mallards within the Central Flyway (Bellrose 1976), the 

Texas High Plains receives lower hunting pressure than other 

areas of Texas (Funk et al. 1971). Thus, the chances of the 

U.S. Fish and Wildlife Services obtaining mallard wings from 

the area are further reduced. 

Adult hens had the highest p,p'-DDE residues, while 

juvenile hens had the lowest residues. Residues in adult 
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drakes were higher than juvenile drakes, however, these 

differences were not statistically significant. 

One possible explanation for the high p,p'-DDE residues 

encountered in adult hens could be attributed to the energy 

requirements necessary for reproduction (M. Heitmeyer, 

Missouri Univ., pers. commun.). In attempting to obtain 

protein requirements necessary for reproduction, adult hens 

could have been exposed to more environmental contaminants 

while consuming greater numbers of invertebrates within 

playa lakes than drakes. Playa lakes within the region are 

basically closed ecosystems that can trap and concentrate 

agricultural pollutants. Differences between adults and 

juveniles may be due to length of exposure (i.e., age) to 

the persistent pesticides. 

Organochlorine pesticides, in addition to inducing 

sublethal changes in the individual mallard, can cause 

changes in population dynamics. Longcore and Samson (1973) 

found black duck (Anas rubripes) hens fed 3 ppm (wet weight) 

of DDE had thinner eggshell than control hens. Mallard 

eggshell thicknesses can be reduced up to 22% by organo

chlorine pesticides (Stickel 1975). Longcore and Samson 

(1973) found black duck hens fed 3 ppm (wet weight) p,p'-DDE 

laid more eggs than controls, but only 19% of the eggs 

hatched as compared to 86% for the controls. Hens fed 



P,P'-DDE had 0.6 young surviving to 3 weeKs of age as 

compared to 3.0 for control hens (.ongcore and Samson 1973, 

Therefore, the higher organochlorine residues detected in ^ 

adult hens may have an adverse effect upon mallard popula

tions by reducing hatching success and survival of young. 



CHAPTER III 

ORGANOCHLORINE PESTICIDE RESIDUES IN 
SPRING AND FALL COLLECTED 

BLUE-WINGED TEAL 

Although the use of DDT and other persistent organo

chlorine pesticides in the United States has been restricted 

since the early 1970's, these chemicals are still being used 

in Mexico and South America. Thus, species migrating from 

these countries into the United States may carry pesticide 

residues with them. Geluso et al. (1981) found high levels 

of DDE in young free-tailed bats (Tardarida brasiliensis 

mexicana) in maternity roosts in the southwestern United 

States. Since this species winters in Mexico, adults may 

pass contaminants, which are acquired there, to nursing 

young. 

Blue-winged teal have shown a 20% decline in numbers 

from 1955-1974 (Bellrose 1976). They suffer lower hunting 

mortality, but have higher annual mortality rates than other 

species of dabbling ducks (Bellrose 1976). This higher 

annual mortality may be attributed to the distance the 

species must fly in order to reach their wintering areas in 

Mexico and South America. Blue-winged teal migrate farther 

south and in greater concentrations than any other North 

American duck. In light of the increased stresses of 

11 
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migration and mortality, populations of blue-winged teal may 

be more sensitive to pesticide residues than other waterfowl 

that migrate shorter distances. 

Little information exists on residues of organochlorine 

pesticides in avian species that migrate outside the United 

States. Johnson (1975) noted high total DDT residues (40.80 

ppm) in northward migrating ovenbirds (Seiurus aurocapillus) 

in Florida. White et al. (1981) found low residues of 

organochlorine pesticides in blue-winged teal carcasses 

collected in Louisiana. However, in their study the subcu

taneous fat, an obvious site for the concentration of 

organochlorine pesticides, was removed. Since both species 

winter in an area of continued pesticide use, one would 

expect higher residues in birds returning from the wintering 

areas than those migrating to the wintering areas. 

The objectives of this study were to: 1) identify and 

quantify any organorchlorine pesticide residues detected in 

spring and fall collected blue-winged teal; and 2) determine 

if differences in organochlorine pesticide residues exist 

between sex, age, and season. 
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Methods 

Migrating blue-winged teal were collected in Castro 

County, Texas. Teal were collected from 1-24 April 1983 

(N=24) to represent northward migrating birds, while those 

collected from 1-18 September 1983 (N=25) represented 

southward migrating teal. 

Blue-winged teal were collected by shooting with a 12 

gauge shotgun. Birds were sexed and aged according to Carney 

(1964), Dane (1968), and Larson and Taber (1980). Subcuta

neous fat was removed and placed in individually labeled 

glass containers and frozen until analysis. 

Individual samples were prepared for gas chromato

graphic analysis by the micro-method described by Watts 

(1980). The first florisil fraction was collected and 

analyzed for the presence of organochlorine pesticides. 

Samples were analyzed by gas chromatography (Perkin Elmer 

Model 3920) using an electron capture detector (°^Ni). 

Instrument and operating conditions were as follows: 

Column: 6' X 1/4" glass column packed with 1.5% 
SP-2250/1.95% SP-2401 on 100/120 
Supelcoport (Supelco Inc.) at 200^C. 

Carrier gas: 95% argon, 5% methane at 60 ml/min. 
Temperature: injector, interface and detector were 200^C, 

235°C, and 275"c, respectively. 
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A split-plot analysis of variance was used to test for 

differences in residue levels between sexes, ages and 

seasons, as well as two and three way interactions (Steel 

and Torrie 1980). The Statistical Analysis System (SAS) was 

used for data analysis (Ray 1982). All residues were 

expressed in parts per million (ppm) wet weight. 

Results and Discussion 

Organochlorine pesticide residues detected in migrating 

blue-winged teal (N=49) included heptachlor epoxide, endrin, 

o,p'-DDT, o,p'-DDD, p,p'-DDT and p,p'-DDE (Table 2). 

Heptachlor epoxide, o,p'-DDD were detected in spring-col

lected but not in fall-collected blue-winged teal. Endrin, 

o,p'-DDT, p,p'-DDT and p,p'-DDE were found in both spring 

and fall collected blue-winged teal (Table 2). There were 

no differences (P >0.05) between sexes, ages or seasons in 

heptachlor epoxide, endrin, o,p'-DDT and o,p'-DDD residues. 

p,p'-DDT and p,p'-DDE residues were detected in 14 and 98%, 

respectively, of the blue-winged teal analyzed. 

Juveniles had higher (P <0.03) p,p'-DDT residues than 

adult blue-winged teal (Table 3). Although there was no 

difference (P >0.05) between sexes for p,p'-DDT residues, a 

significant interaction (P <0.02) did exist between sex and 

age. Thus, juvenile blue-winged teal had higher p,p'-DDT 
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residues than adults but there was no difference between 

drakes or hens. A significant (P <0.06) difference existed 

between p,p'-DDT residues and season, with the spring-col

lected teal having higher residues than fall-collected 

blue-winged teal (Table 3). This difference could be attri

buted to the small number of teal that contained p,p'-DDT 

between the 2 seasons. 

Blue-winged teal hens had higher (P <0.003) p,p'-DDE 

residues than drakes, while juveniles had greater (P <0.02) 

residues than adult teal (Table 4). However, p,p'-DDE 

residues showed a significant (P <0.007) interaction between 

sex and age. Thus, DDE residues in hens and juveniles were 

significantly higher than residues in drakes and adults, 

respectively. 

Spring collected blue-winged teal p,p'-DDE residues 

were significantly (P <0.02) greater than fall collected 

teal (Table 4). Thus, blue-winged teal migrating northward 

toward their breeding grounds had higher p,p'-DDE residues 

than teal migrating southward toward their wintering areas 

in Mexico and South America. 

White et al. (1981) reported DDE residues to be the 

only metabolite of DDT detected in northward migrating 

blue-winged teal. In the current study residues of 

o,p'-DDT, o,p'-DDD, p,p'-DDT and p,p'-DDE were all detected 
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TABLE 3 

Mean p,p-DDT residues (ppm) in subcutaneous fat of spring 
and fall-collected blue-winged teal 

Season^ Age^ Sex^ N X S.E. Range 

Spring Adult Hen 6 ND^ ND 

Drake 5 0.12 0.09 ND-0.45 

Juvenile Hen 7 0.59 0.31 ND-1.87 

Drake 6 ND ND 

Fall Adult Hen 4 ND ND 

Drake 6 ND ND 

Juvenile Hen 8 0.23 0.23 ND-1.80 

Drake 7 ND ND 

^P <0.06; spring vs. fall collected. 
^P <0.05; juvenile vs. adult. 
^P <0.02; age X sex interaction, 
^not detected at 0.01 ppm level. 

(Table 2). White et al. (1981) detected DDE residues in 

26.7% of their spring-collected blue-winged teal (N=30) 

carcasses (minus omental and subcutaneous fat) analyzed. 

They found DDE ranged from 0.10 to 0.88 ppm, with an average 

of 0.38 ppm. In the current study DDE residues were 

detected in 100% of the spring-collected blue-winged teal 
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TABLE 4 

Mean p,p'-DDE residues (ppm) in subcutaneous fat of spring 
and fall-collected blue-winged teal 

Season^ Age^ Sex̂ *̂ ^ N X S.E. Range 

Spring Adult Hen 6 0.12 0.52 0.05- 3.66 

Drake 5 1.08 0.30 0.12- 1.77 

Juvenile Hen 7 6.18 2.53 0.11-18.45 

Drake 6 1.21 0.52 0.07- 3.55 

Fall Adult Hen 4 0.38 0.30 ND^- 1.25 

Drake 6 0.77 0.42 0.11- 2.81 

Juvenile Hen 8 0.84 0.60 0.10- 5.02 

Drake 7 0.15 0.04 0.03- 0.33 

^P <0.02; spring vs. fall collected. 
^P <0.02; adult vs. juvenile. 
^P <0.003; hen vs. drake. 
^P <0.007; age X sex interaction. 
^not detected at 0.01 ppm level. 

analyzed. DDE ranged from 0.05 to 18.45 ppm with an average 

of 2.64t0.86 (S.E.) ppm. The higher residues observed in 

the current study probably resulted from the different 

tissue analyzed. Organochlorine pesticides are extremely 

lipophilic and are thus stored, and concentrated, within fat 

tissues. 
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Since blue-winged teal winter within an area of 

continued pesticide use, one would expect higher pesticide 

residues in spring than fall collected teal, which would 

explain the higher residues detected in northward migrating 

teal. Differences in DDE residues between sexes could be 

attributed to the hen's energy requirements necessary for 

reproduction (Taylor 1978). In attemptting to obtain 

protein necessary for reproduction, hens could have been 

exposed to more environmental contaminants. 

In conclusion, higher organochlorine pesticide residues 

detected in spring-migrating teal may have an adverse impact 

upon the blue-winged teal population. During periods of 

stress (i.e., nesting and migration) pesticide residues 

stored in fat tissue may be mobilized, thereby resulting in 

potentially pathological changes within the individual teal. 



CHAPTER IV 

DDE RESIDUE LEVELS IN PHEASANT EGGS 
FROM CASTRO COUNTY, TEXAS 

Although p,p'-DDE has been implicated in eggshell 

thinning in fish eating and predatory birds (Anderson et al. 

1969; Fyfe et al. 1969; Blus et al. 1979; Enderson et al. 

1982), the effects of this chemical upon avian species at 

lower trophic levels have not been well documented. 

Haseltine et al. (1974), in a controlled study, noted 

declines in eggshell thickness in mallards and ring doves 

(Streptopelia risoria) when fed 10 ppm p,p'-DDE. Peakall 

and Lincer (1973) found that eggshell thinning started as 

early as the second day in peking ducks when fed 40 ppm DDE 

daily. Haseltine et al. (1981) detected residues of DDE in 

95% and 80% of mallard and gadwall (Anas strepera) eggs, 

respectively, collected on 3 Lake Michigan islands. 

Greenburg and Edwards (1970) detected DDT and its 

metabolites in 119 of 120 pheasant eggs collected in east 

central Illinois. Hunt (1966) found DDT residues to average 

741 ppm in pheasants (unknown sample size) from a rice 

growing region near Richvale, California. 

The objectives of this study were to: 1) determine 

residue levels of organochlorine pesticides in pheasant eggs 

20 
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collected from different habitat types within the Southern 

High Plains of Texas; and 2) determine eggshell thickness of 

pheasant eggs collected from the different habitat types. 

Methods 

Pheasant eggs (N=61) were collected during May, June, 

and July, 1980. Eggs were collected from four habitat 

types: alfalfa fields, wheat fields, oat fields and playa 

basins. One egg was removed from each pheasant nest 

located. Egg contents were homogenized and placed in 

individually labeled glass jars and frozen until analysis. 

Eggshell thicknesses were determined at three locations 

along the mid-line perpendicular to the long axis (Taylor 

1980) and averaged. 

Individual eggs were prepared for chromatographic 

analysis using the micro method described by Watts (1980). 

The first florisil fraction was collected and analyzed for 

the presence of organochlorine pesticides. Each egg was 

analyzed by gas chromatography (Perkin Elmer Model 3920) 

utilizing an electron capture detector (°^Ni). Instrumen

tation and operating parameters were as follows: 
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Column: 6' X 1/4" glass column packed with 1.5% Ov-
17/1.95% OV210 on 100/120 Chromosorb W HP 
(Supelco Inc.) at 200°C. 

Carrier gas: 95% argon, 5% methane at 60 ml/min. 
Temperature: injpctor, interface and detector were 200°C, 

235^C, and 275"c, respectively. 

Analysis of variance was used to detect differences in 

pesticide residues between habitat types. Correlations 

between pesticide residues and eggshell thickness were 

determined by Spearman correlation coefficent (Steel and 

Torrie 1980). The Statistical Analysis system (SAS) package 

was used for data analysis (Ray 1982). All residues are 

expressed in parts per million (ppm) wet weight. No attempt 

was made to convert residue values to total egg volume. 

Results and Discussion 

A total of 61 pheasant eggs was collected. Despite 

equal efforts among habitat types to locate pheasant nests, 

most eggs were collected from wheat and alfalfa fields 

(Table 5). Possible explanations for the difference could 

be attributed to vegetation density within playa basins and 

the small acreage of oat fields within the study area 

(Taylor 1980) . 

Heptachlor epoxide and p,p'-DDE were the only organo

chlorine pesticides detected. Heptachlor epoxide was 

observed in only one egg (0.04 ppm), which had been 
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TABLE 5 

Mean p,p'-DDE residues and eggshell thickness in pheasant 
eggs collected from Castro County, Texas 

Habitat N DDE residue Eggshell 
types (ppm) thickness 

(mm) 

X S.E. X S.E 

Wheat fields 14 0.045^ 0.020 0.263^ 0.005 

Alfalfa fields 37 0.063̂ *̂  0.009 0.266^ 0.003 

Oat fields 4 0.175̂ '̂  0.026 0.243^ 0.010 

Playa basins 6 0.128^ 0.061 ^'lll^___^_'_^.^J _ 

'̂̂ '̂  means in the same column with dissimilar superscripts 
are different (P<0.05; Duncan's new multiple range test). 

collected in an alfalfa field, p,p'-DDE was detected in 

96.7% of the eggs. Residues ranged from not detected (ND) to 

0.03 ppm with an overall average of 0.07±0.01 (S.E.) ppm. 

Significant differences existed for p,p'-DDE residues and 

eggshell thicknesses among the different habitat types 

(Table 5). Residues in eggs collected from oat fields were 

greater (P <0.05) than in those eggs collected from wheat 

fields and alfalfa fields, but were not statistically 

different from those collected from playa basins. 
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Greenburg and Edwards (1970) reported p,p'-DDE averaged 

0.15 ppm (N=120) in pheasant eggs collected from east-

central Illinois, which is much higher than the residues 

observed in the current study. Many differences may be 

considered between the two studies. Prior to 1974, 

pesticide applicators were not required to keep accurate 

records (U.S. Code of Federal Regulations 1983), thus in 

those years larger amounts of pesticides may have been 

applied. The time interval between the studies may be 

another factor. Our study was initiated 7 years after use of 

DDT was restricted within the United States (Ware 1978). 

Greenburg and Edwards (1970) conducted their study at a time 

when the use of DDT had not been restricted. 

Eggs collected from wheat fields and alfalfa fields had 

thicker eggshells (P <0.05) those eggs collected from oat 

fields and playa basins. Thus, eggs with higher p,p'-DDE 

residues also had thinner eggshells. This relationship was 

also demonstrated by a significant (P <0.01) negative corre

lation (r=-0.36) between eggshell thickness and p,p'-DDE 

residues. In contrast to the results of the current study, 

Haseltine et al. (1974) showed that p,p'-DDE had no effect 

upon eggshell thinning in pheasants. 

Organochlorine pesticides can increase metabolism of 

estrogens, thus causing an endrocrine imbalance that affects 
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the egg-laying and nesting cycles of birds (Peakall 1970), 

and by interferring with the enzyme calcium ATPase (Miller 

et al. 1975). Thus the thinner eggshells observed on playa 

basins and oat fields may have been the result of pesticide-

induced alterations in pheasant reproductive physiology. 

However, other environmental factors (i.e., nutritional/ 

mineral availability) may also have differed among areas. 
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