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(ABSTRACT)

Present sampling techniques are not capable of assessing both contamination with an
organochlorine chemical and reproductive success without the need for removing individuals
from that population. Experiments were performed to evaluate vitellogenin, vitamin A, and
vitamin E as biomarkers of contamination with DDT, an organochlorine pesticide, and
reproductive success in Japanese quail (Coturnix coturnix japonica) or northern bobwhites
(Colinus virginianus).

The utility of vitellogenin as a biomarker in northern bobwhites was investigated.
Female northern bobwhites were dosed with 0, 1, 10, or 100 ug DDT/g body weight via corn
oil intubation. The females were induced to lay eggs by providing the proper daylength, and
number of eggs laid was monitored. No differences were found for humber of eggs laid, egg
morphology, or plasma concentration of vitellogenin among dose groups.

Dietary supplementation and corn oil intubation were evaluated as alternative dosing
techniques because handling involved with intubation may have caused decreased egg
production in all treatment groups in the first experiment. Nonlaying female bobwhites were
dosed with 0 ug DDT, 25 ug DDT/g food, or 25 ug/g body weight (intubation). Bobwhites
receiving DDT via intubation accumulated more DDT in brains and livers than did bobwhites
receiving DDT via their diet. The two techniques were found not to be equivalent.

Vitamins A and E were investigated as biomarkers of DDT contamination and
reproductive success in Japanese quail. Female Japanese quail were given 0, 1, 10, or
25 ug dietary DDT. Significant differences were found among dose groups for reproductive

success (number of eggs showing embryonic development), and for plasma concentrations



of vitamin A. Concentrations of vitamin E were not measurable. Correlation and regression
analyses failed to show a relationship between reproduction and vitamin A concentrations.

Vitamins A and E also were investigated as bioma(kers in northern bobwhites. Female
bobwhites were given 0, 1, 10, or 25 ppm dietary DDT. No significant differences were found
among dose groups for reproductive success or for concentrations of either vitamin A or
vitamin E. Correlation and regression analyses again failed to show any relationship between
reproduction and plasma concentrations of vitamins A or E.

During each experiment, concentrations of DDT and its metabolites were measured.
DDE/DDT ratios in livers, a means of estimating liver enzyme induction, were calculated. The
DDE/DDT ratios in livers of Japanese quail and northern bobwhites were found to be markedly
different. More work needs to be done to better evaluate the relationship between differences

in enzyme induction and reproductive success among different species.
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CHAPTER 1: INTRODUCTION

DDT AS A TEST CHEMICAL

DDT?, the parent compound of DDE, was chosen to investigate blood characteristics that
respond to contamination and are important for reproduction and to act as a model of other
organochlorine compounds that produce similar reproductive effects. The choice was
deliberate for a number of reasons. DDT and its metabolites are still a problem in part due
to their persistence in food chains of terrestrial and aquatic species in North America. DDT
also presents a problem to many migratory species due to its continued use in other
countries. DDE continues to be associated with eggshell thinning in many recent studies of
both migratory and nonmigratory species in the USA (Blus et al. 1980, Findholt 1981, 1984,

Henny et al. 1984, 1985, White and Krynitsky 1986, Bunck et al. 1987, and Steidl et al. 1991)

1 The following abbreviations will appear throughout the text.
p,p’-DDT refers to 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane,
o,p’-DDT refers to 1,1,1-trichloro-2-(o-chlorophenyl)-2-{p-chlorophenyl)ethane,
p,p’-DDE refers to 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene,
o,p’-DDE refers to 1,1-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethylene,
p,p’-DDD refers to 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane,
o,p’-DDD refers to 1,1-dichloro-2-(o-chlorophenyl)-2-(p-chiorophenyl)ethane,
and ZDDT refers to the summation of all the isomers and metabolites of DDT.
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despite being banned since the early 1970’s. Ohlendorf et al. (1981) reported herons dying
from DDT poisoning years after DDT was banned in the United States. DDT’s metabolic
breakdown and effects also are well known. The large amount of background information
known makes it a good choice as a model of other organochiorine pesticides and
organochlorine chemicals many of which still present significant environmental problems due
to their persistence.

In many areas DDT and DDE residues are decreasing as a result of discontinued use.
Longcore and Stendell (1983) report lower concentrations of DDE in black ducks (Anas
rubripes) from the Atlantic flyway in 1978 than in the 1960’s. The U.S. Fish and Wildlife
Service’s National Contaminant Biomonitoring Program has found decreasing residues of DDE
in starlings (Sturnus vulgaris) from 1968 (1.64 ppm) to 1982 (0.37 ppm) (Jacknow et al. 1986).
In certain other areas, however, it appears that DDE continues to be accumulated in high
concentrations (Table 1.1). Peregrine falcons (Falco peregrinus) did not show a decreasing
trend in DDE contamination as of 1983, but continued to have high concentrations in eggs (up
to 130 ppm) (Hunt et al. 1986). An analysis of peregrine falcon eggs that failed to hatch
revealed that differential contamination with chlorinated hydrocarbons was not the result of
exposure of the falcons on wintering grounds, but rather differential consumption of migratory
or residential prey items (Springer et al. 1984). Steidl et al. (1991) reported declining eggshell
thickness attributed to organochiorine contamination in peregrine falcon populations
reestablished near the Delaware Bay and River. Banning the legal use of DDT has yet to
eliminate its detrimental impacts.

As suggested above, the source of contamination may not be local. The measured
contamination of black-crowned night herons (Nycticorax nycticorax) in the intermountain
West was not considered to be of local origin (Henny et al. 1984). Henny and Blus (1986)
concluded that wintering grounds were an important source of contamination for
black-crowned night herons. Blus et al. (1987) conclude that previous legal use in Washington
state is contributing more to present contamination than previously supposed because they

were able to discount other sources. In addition to previous use, present sources of
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environmental DDT and its metabolites are foreign sources -- both as airborne drift (Jury et
al. 1987) and as exposure to migratory species, and illicit use (Blus et al. 1987). Kelthane®
(dicofol) is presently used as an acaricide (Hudson et al. 1984), and it was proposed that
metabolic breakdown of Kelthane® produced p,p’-DDE (Risebrough et al. 1986), but more
recently it has been shown that contamination of Kelthane® with DDT and its metabolites
during manufacturing, not metabolic breakdown, was the source of DDE (Clarke 1990).

The above review indicates that although many areas and species show trends of
decreasing DDE concentrations, "hot spots” have persisted from the late 1970’s through the
late 1980’s where considerable contamination remains evident. Additionally, birds migrating
to and from highly contaminated areas will be impacted as will their predators. In light of this
information, | feel that in addition to being a good model for other organochlorine

contaminants, DDT and its metabolite DDE continue to warrant investigation.

RATIONALE

At present, no good method exists to predict the reproductive capacity of birds exposed
to environmental contaminants, such as DDT, without the need for destructive sampling of
either eggs or adults. In situations where population numbers are decreasing or during the
study of endangered species, destructive sampling is undesirable. Reduced reproductive
success caused by contamination can be a serious threat to maintaining adequate population
numbers. A means by which reproductive capacity of a population can be sampled without
exacerbating an existing decline or slowing recovery is most desirable.

" To date, attempts at predicting contaminant effects have revolved around thicknesses,
strengths, and microscopic malformations of eggshells. To predict contaminant
concentrations, Fox (1979) proposed a method using Ratcliffe’s shell thickness index. To

predict likely reproductive success from contaminant concentrations, an existing data set must
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be available to relate shell thickness to contaminant concentrations and reproductive success.
Such data sets are available for only a few species. Also, Moriarty et al. (1986) have
questioned the ability of Ratcliffe’s index to accurately predict the concentration of a
contaminant, in their case DDE, in gannets (Sula bassana), shags (Phalacrocorax aristotelis),
and grey herons (Ardea cinerea).

Disagreement exists in the literature as to the effect of DDE on eggshell porosity. Cooke
(1979) claimed porosity decreased in peregrine falcons exposed to DDE, whereas Burton et
al. (1986) claimed porosity increased in grey herons. Carlisle et al. (1986) stated that eggshell
breaking strength is a better measure of eggshell quality because they found strength to be
significantly reduced in shells laid by mallards (Anas platyrhynchos) fed DDE without thickness
being significantly reduced. Bennett et al. {1988) have found similar results treating northern
bobwhites (Colinus virginianus) with sulfanilamide, a chemical that produces DDT-like
eggshell thinning.

To standardize the response observed in measurement of eggshell thickness or
strength, it is best to use freshly laid eggs. As embryos develop, they utilize calcium from
their shells. Use of freshly laid eggs requires sacrificing that embryo, leading to an
experimentally induced reduction in reproduction. Also, it can be difficult to collect freshly laid
eggs from nests. Alternatively, thickness or strength could be measured on shells producing
chicks. This would bias the measurements because only eggs thick or strong enough to have
hatched would be measured. In free-living birds, adult birds usually remove shell remnants
from the nest shortly after young hatch, making collection difficult.

For the above reasons, more accurate predictors are desirable and blood characteristics
offer considerable potential as predictors. Besides, blood samples have the major
advantages of being repeatable and are a nondestructive means of sampling. Additionally,
blood characteristics have the potential to work with species or compounds that do not exhibit
the classical eggshell thinning phenomenon. In this study, it is proposed that blood
characteristics of breeding female quail be used to predict reproductive capacity after

exposure to an environmental contaminant, DDT.
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A sampling technique is proposed using blood characteristics to predict whether a bird
exposed to organochlorine pesticides, in this case DDT, will experience reduced reproductive
capacity, thus avoiding the possibly less accurate and destructive eggshell strength
measuring methods. Data presented in Chapter 3 suggest that DDT does not alter physical
characteristics of eggs (e.g. volume, yolk dry weight, albumin dry weight, surface area and
Ratcliffe index) of northern bobwhites implying that the chemical characteristics will be very
important in predicting the altered reproductive capacity caused by chlorinated hydrocarbons.
It is postulated that female blood characteristics will be altered causing changes in egg
chemistry. Changes in blood characteristics have resulted from exposure to heavy metals
(Cain et al. 1983, Franson et al. 1983a, DiGiulio and Scanlon 1985), organophosphates (Franson
et al. 1983b, Grue et al. 1983) and PCB’s (Sanders et al. 1974, 1977, Sanders and Kirkpatrick
1975, Montz et al. 1982) and have been shown to have considerable predictive value. Because
the value of changes in blood as predictors of well-being and reproductive success has been
well established for other groups of environmental contaminants, it is hypothesized that blood
chemistry changes will have value as predictors of well-being and reproductive success for
organochlorine contaminants as well.

To focus on the effects of sublethal doses of DDT on reproduction, the dose regimen was
chosen to include very low doses. It was reasoned that birds exposed to levels approaching
lethal burdens would not provide realistic models for reduced reproduction in the wild
because these birds would not be likely to survive to reproduce. Considerable variation exists
in the literature regarding doses causing mortality from chronic exposure. Bobwhite chicks
experienced 53% mortality when exposed to 150 ppm dietary DDT (DeWitt 1956). In the same
study, bobwhite in reproduction experienced 25% mortality on diet containing 100 ppm DDT.
Lehman et al. (1974) reported no monrtality when providing bobwhites with diets containing
150 ppm DDT. Juvenile bobwhite experienced 30% mortality when exposed to either 50 or
100 ppm dietary DDT (Coburn and Treichler 1946). Cottam and Higgins (1946) reported 100%
mortality at 500 ppm, 50% mortality at 250 ppm, and ‘some losses’ at 50 ppm dietary DDT.

DeWitt (1955) reported 100% mortality at 250 ppm and 10% mortality at 200 ppm dietary DDT.
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A low dose of 5 ppm DDT did not cause mortality, but lowered 6-phosphoglucose
dehydrogenase concentrations in Japanese quail (Coturnix coturnix japonica) blood (Bunyan
et al. 1970). In an attempt to choose a dose range capable of eliciting a toxic response without
causing mortality, a dose regimen of 0, 1, 10, and 100 ppm DDT was chosen. To assure
precise dosages and to reduce the possibility of cross-contamination, corn oil intubation was
chosen as the method of exposure. However, the results presented in Chapter 3 caused a
reduction of the high dose to 25 ppm because of high mortality in the 100 ppm dose group
bobwhites, and the results presented in Chapter 4 caused a change to dietary exposure

because that technique was thought to better reflect exposure in free-living birds.

OBJECTIVES

The overall objective of this project is to find a nondestructive means of predicting
potential reproductive output of birds contaminated with organochlorine pesticides. As a
means of meeting this objective, egg and biood characteristics of two species of quail were
analyzed after being exposed to DDT. One, Japanese quail, is known to exhibit DDT-induced
eggshell thinning, whereas the other, northern bobwhite, shows only slight eggshell thinning
when exposed to DDT. By studying both a sensitive and a less sensitive species, any change
in blood characteristics can be better evaluated for its potential as a predictor of reproductive
potential.

A series of four experiments was performed with the overall objective in mind. The first
experiment investigated the effects of DDT on plasma vitellogenin concentrations and egg
morphology in northern bobwhites. During this first experiment, it appeared as though female
bobwhites began laying more regularly after corn oil intubation ceased. This raised the
question of whether intubation was comparable to oral exposure in a food source. A second

exp‘eriment was designed to address this question. The results of the first experiment also
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did not support the utility of vitellogenin as a biomarker of exposure to DDT and reproductive

potential. The third experiment was designed to evaluate the utility of plasma vitamins A and

E as biomarkers in Japanese quail, a species know to be susceptible to DDT’s eggshell

thinning effects. The fourth experiment was designed to evaluate the utility of both plasma

vitamins A and E as biomarkers in northern bobwhites, a species not very susceptible to

eggshell thinning.

The specific objectives of each experiment were as follows:

Experiment 1 {(Chapter 3): Response of Vitellogenin to DDT in Northern Bobwhites

1) To determine the effects of DDT ingestion on egg morphology.

2) To determine the effects of DDT ingestion on concentrations of vitellogenin in blood
plasma.

Experiment 2 (Chapter 4): A Comparison Between Food Addition and Intubation of DDT to

Northern Bobwhites

1) To determine whether administering DDT via food addition or corn oil intubation produces
similar food intake and tissue concentrations in northern bobwhites.

Experiment 3 (Chapter 5): Response of Vitamins A and E to DDT in Japanese Quail

1) To determine whether changes in egg morphology correspond to dose of ingested DDT.

2) To determine whether decreases in number of eggs laid, number of settable eggs (eggs
with uncracked and apparently complete eggshells), number of eggs showing embryonic
development, or number of eggs hatching are associated with ingested DDT.

3) To determine whether decreases in plasma concentrations of vitamins A and E are
associated with ingested DDT.

4) To determine the ability of plasma vitamin A concentrations to predict reduced
reproduction.

Experiment 4 (Chapter 6): Response of Vitamins A and E to DDT in Northern Bobwhites

1) To determine whether decreases in number of eggs laid, number of settable eggs, number
of eggs showing embryonic development, or number of eggs hatching are associated with

ingested DDT.
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2) To determine whether decreases in plasma concentrations of vitamins A and E are
associated with ingested DDT.

3) To determine the ability of vitamin concentrations to predict reproduction.
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CHAPTER 2: LITERATURE REVIEW

GENERAL REPRODUCTIVE EFFECTS IN BIRDS

In addition to the well-recognized effects of DDT and its metabolites on eggshells, DDT
decreases reproductive potential through many other means. Recent field studies continue
to implicate DDE in cases of impaired reproduction. A negative relationship existed between
DDE concentrations and the percent of successful nests, clutch size, and the number of young
per nest for black-crowned night herons {(Nycticorax nycticorax) observed from 1878 to 1880
in the intermountain West (Henny et al. 1984). White-faced ibis (Plegadis chihi) eggs collected
in 1986 in Nevada continued to show a negative correlation between DDE concentrations and
eggshell thickness and with number of young produced per nesting attempt (Henny and
Herron 1989). DDE concentrations in black skimmer (Rynchops niger) eggs collected in 1984
were correlated with decreased hatching success independent of demonstrable changes in
eggshell quality (Custer and Mitchell 1987). Other effects that DDT or DDE elicited in birds
relating to reproduction include reduced hatchability in mallards (Anas platyrhynchos) (Heath
et al. 1969), Japanese quail (Coturnix coturnix japonica) (Smith et al. 1969), white-tailed eagles

(Haliaeetus albicilla) (Koivusaari et al. 1980), white-faced ibises (Steele 1984), and American
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kestrels (Falco sparverius) (Wiemeyer et al. 1986); delayed egglaying in Japanese quail (Cecil
et al. 1971); decreased egg production in Japanese quail (Smith et al. 1969) and white-faced
ibises (Steele 1984); decreased medullary bone formation in silver king pigeons (Columba
livia) (Oestreicher et al. 1871); increased embryo mortality in mallards (Heath et al. 1969);
decreased fertility in Japanese quail (Smith et al. 1969) and northern bobwhites (Colinus
virginianus) (DeWitt 1956); decreased blood estradiol in ringed turtle doves (Streptopelia
risoria) (Peakall 1970); and decreased survivability of young in northern bobwhites {(DeWitt
1956), mallards (Heath et al. 1969), and American kestrels (Wiemeyer et al. 1986). Male
reproduction was also altered byvdecreasing sperm production in domestic fowl (Gallus
domesticus) (Albert 1962), and damaging testicular tissues in bald eagles (Haliseetus
leucocephalus) (Locke et al. 1966).

DDT also affects other aspects of avian physiology likely to alter reproduction. High
doses of DDT (500 ppm) in the diet caused hypertrophy of thyroid glands in northern bobwhites
(Hurst et al. 1974). As will be discussed later, hyperthyroidism will likely alter vitamin A
physiology. Lehman et al. (1974) failed to find any difference in total adrenal weights in
northern bobwhites but did find an increasing cortical/medullary ratio suggesting greater
corticosteroid production in response to exposure to DDT. Adrenal glands and livers in
pigeons (Columba livia) showed increased weights (Jefferies and French 1972). Adrenal
glands change weight as a response to many stressors. Stressed birds with greater
production of corticosteroids may lose weight and have reduced physical fitness. Therefore,

they are less likely to reproduce successfully.

DDT AND REPRODUCTION IN QUAILS AND PHEASANTS

Considerable work has been done investigating the effects of DDT and its metabolites

on reproduction in gallinaceous birds such as Japanese quail, northern bobwhite, and
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