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Abstract

RingLDoﬁgs (Streptopelia risoria) received dietary concen—
trations of a toxiéﬁchemical'mix céntaining 2 ppm p,p'-DDE, 8 ppm PCB,
0.3 ppm Mirex and 0.1 ppm Photomirex or 5 ppm p,p'~DDE, 28 ppm PCB,
0.9 ppm Mirex, and 0.3 ppm Photomirex to investigate reproductive
behavior and endocrine effects of exposure to these chemicals.
Courtship, incubation and‘care—of-young behavior indices were all
reducéd in tréated grsups. Total estrogen, and androgen levels were -
lower than controls during the couftship phase in treated Birds. T4
levels in treated_dqngfshowgﬁ a trend to higher levels than controls.
The observed poor reproductive performance in treated birds was
attributed to toxicant induced endocrine dysfunction and decreased

-

parental attentiveness.
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Résumé

Les tourterelles (Streptopelia risoria) ont regu de la

neurriture contaminée avec 2 ppm p,p'-DDE, 8 ppm PCB, 0:3 épm Mirex,

et 0.1 ppm Phopomirexuou 5 ppm p,p'-DDE, 28 ppm PCB, 0.9 ppm Mirex

et 0.3 ppm Photomiréx pour &tudier les effets de ces substances sur

le comportement repfoducteu; et les concentrations d'hormones sexuelles.

Une réduction des comportements reproducteurs a &té notée chez les

olseaux contaminés.

Les concentrations d'estrogéne et d'androgéne dans le sang
des olseaux traités étalent plus faibles que cells mesurées chez les
olseaux du groupe témoin. Les niveaux de T4 semblent plus &levés

chez les tourterelles trait@es que chez celles non traitées.

Nous attribuons les pi&tres performances reproductrices‘du
groupe expérimental 3 une diminution des Jé:Tones reproductrices
causée par l'ingestion de produits toxiques ainsi qu'd une diminution
de 1l'attention parentalg. La performancé reproductrice des oiseaux
contaminés est probablement le fésul;at d'une déficience endocrine et
de comportement ﬁarental, déficienqe'caﬁsée par les substances toxiqugs.

o
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Introduction

4,

Poiychlorinated biphenyls (PCB's) and organochlorines have
been implicated in recent reproduétive failures of certain species

“of mammalg, figh, and moét notably, several species of birds
terminating food chains (Stendell, 1975). A most striking éxample
of this was the reproductive failures experienced by colonies of

common terns (Sterna hiruudo), herring gulls (Larus argentatus) and

double crested cormorants (Phalacrocorax auritus) nesting around

Lakg Ontario during the early 1970's (Gilbertson, 1975). This author
. Teported that these reproductive failures resulted from early and
' ~
late embryo deaths, deaths during pipping, high chick mortality, and

unﬁsua{:iﬁsubation behavior of the adult birds.
N \;y\ ' ’ ~ ‘
Fox et al. (1978) reported similar findings for a colony

of herring gulls in Lake Gntario. Using telemetered eggs they were

able .to document decreased mest attentiveness. They also observed

decreééed nest defence. They concluded that parental behavioral

.

abnormalities were the cause of the poor reproductive success of

1

this coleny compared to herring gull cjlonies in the other Great

Lakes and the Maritimes.

PCB's, p,p'-DDE(l,l—dichloro—2,2 bis (p-chlorophenyl)

echyléne) Mirex (1, 2, 3, 4, 5, 5, 6, 7, 8, 9, 10, 10-dodecachloro-

2’6.03’9.04’8] decane) and Photomirex a, 2, 3, &4

-

5, 5, 6,.7, 9, 10, 1l0-undecachloropentacyclo [5.3.0.02’6.03’9.04’8]

pentacyclo [5.3.0.0 ,
decane), a breakdown product of Mirex, were present at high levelg
Iiin the tissues of the adult herring gulls in Lake Ontarioc in the

early 70's (Gilman et al., 1977). Fox et al. (1978) speculated that
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the observed behavioral abnormalities probably resulted from

pollutant-induced endocrine dysfunction.

‘The objectives of this study were to determined (1) if a
toxic chemical 'soup’ consisting of PCB's, p,p'-DDE, Mirex and
Photomirex would produce behavioral abnormalities and reduced

reproductive success in breeding ring doves (Streptopelia risoria)

in a controlled léporatory environment; and (2) if behavioral
abnormalities wer; a result of changes in reproductive hormone

levels. Ring Doves were chosen as subjects for study as their conkig-
tantly good breeding performance and productivity in captivity and under
exper imental co;ditions make them excellent subjects en which to .

test the effects of specific treatments such as exposure to toxic

chemicals (Lehrman, 1965; Lehrman and Wortis, 1967).

The objectives were met by (1) feeding ring doves diets
containing an organcchlorine cpating (2) observing and scoring
their breeding behavior displays (3) asgaying levels of sex steroids

in their plasma during the breeding cycle. .

We have demonstrated a definite cause and effect relation-
ship between the toxic chemical 'soup' and abnormal reproductive
behavior in ring doves. We also present evidence that these<§’7
abnormalities were the result of pollutant-induced endocrine

dysfunction. «

-

Polychlorinated Biphenyls (PCB's)

PCB's are chemically inert,.non—hyd;olized by water and
resistant to alkali, acids and other corrosive chemicals. They are

essentially fhsoluble in water but soluble in hydrocarbon solvents
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(Penning, 1930). PCB's are resistant to environmental breakdown and
have longterm stability in the ecosystem when compared to DDT and

its metabolites (Creene_gg al, in Deichmann, 1973).

The uses of PCB's are based on this longterm stability and
includes heat transfer fluids, plasticizefs for coatings, flame
proofing and inéecticide extendér. PCB's were discovered to be a
widespread contaminant by the late 1960's (Riseborough et al., 1968)
and by 1972 were found to be the single largest pollutant residue in

many world ecosystems (Peakall, 1972).

~

DDE (1,1-dichloro-2,2 bis (p-chlorophenyl ethelene)

DDE is the most widely distributed in pature of all the DDT
isomers and metabolites. DDE is formed in living organisms by the
dechlorination of the widely used pesticide DDT. This is an unusual
blotransformation in that it does not increase water solubility and
the metabolite is more persistent in organisms than the original
pesticide (Deichmann, 1973). DDE is chemically stable, persistent,
resistant to breakdown by microorganisms, heat, enzymes and ultra-
violet light. It undergoes bicaccumulation through the food chains

in the enviromment (Ware, 1975).
Mirex (L, 2, 3,74, 5, 5, 6, 7, 8, 9, 10, l0-dodecachloropentacyclo

pentacycloA[5.3.0.0.2’6.03'9.04'8} decane)

. Mirex is a stable, white, crystaline and non-volatile
solid. It is insoluble in water and moderately soluble in organic
solvents. Mirex is biologically active, persistent and dispersed

in North America. It enters the environment via losses from the

plants of manufacture and by aerial spraying in its use as an



insecticide against fire ants in the south-eastern United States.
Mirex has also been used in Canada as a fire retardant (Fisheries

and Environment, 1977).

Photomirex (1, 2, 3, 4, 5, 5, 6, 7, 9, 10, 10—undecachloropentacylclo

2,6.03,9_04,8

f5.3.0.0 Jdecane)

Photomirex is formed by the photodegradation of Mirex. It
has only recently been reported as an environmental contaminant and
its probable scurce is the environmental pollutant Mirex (Hallet et al,
1976). Little is known about the toxicity and chronic effecté:of this
compound but it has been shown to accumulate to high levels in the

adipose tissues and ovaries of female rats (Villeneuve et al., 1978).

2. _Known Effects of PCB's and p,p'-DDE, Mirex and Photomirex on

Reproduction in Ring Doves

PCB's and ?,p'—DDE have both been shown to affect repro-
ductive behavior and decrease reproductive suc;ess in ring doves.
Delays in onset of breeding, cvulationm, egg laying, decreased
parental attentiveness to'eggs and squab, and decreased reproductive
success have all been reported in ring doves contaminated with PCB's
(Peakall, 1970(a); Peakall and Peakall, 1973; (Farve, 1978).

Similar reproductive behavior and success effects have also been
reported in ring doves contaminated with p,p'-DDE (Keith, 1978) <
(Richie and Peterle, 1979). In addition, courtship behavior displays
were reduced in ring doves contaminated with p,p'-DDE (Haigele and

- Hudson, 1977).

Richie and Peterle (1978) reported that ring doves fed



~5=

40 ppm p,p"-DDE failed to show a strong Luteinizing hormone (L.H.)
'surge' on day 4 Post-pairing. 1Instead a more gradual increase in
circulating L.H. to day 6 was observed with an apparent plateau to
day 11. This plateau-in L.H. level was significantly lower than the

peak L.H. level in the contrel birds in their study.

Farve (1978) concluded that the behavioral abnormalities
cbgerved in his PCB-contaminated ring doves were caused by lower
leye%ﬁ of circulating reproductive hormones but he did not assay

hormone levels.

Two mechanisms have beeﬂ proposed to account for the delays
in initiating ﬁests and ovulation and the decreased parental
attentiveness observed in birds contaminated with PCB's and other
organochlorines. Jefferiesg (1967),\working with p,p'-DDE contaminated .

Bengalese Finches (Lonchura striata) proposed a pessible hypothalamic~

hypophyseal influence of DDE inhibition of gonadotropin secretionsg,

“

On the basis of subsequent work showing hypo- and hypef—thyroidism
induced by varying DDT dosage levels, he also suggested a possible
thyroid effect (Jefferies 1969, 197s5; Jefferies anf French, 1971).
Peakall (lQ?d(b)) showed that both DDE and PCB's cause induction of
hepatic enzymes and postulated that these caused the reduction in
levels of circulating stercids. He did show lower estradiol levels
in DDE contaminated ring doves (Peakall, 1970{a)). He algo
concluded that decreaged incubation of eggs by PCB contaminated
female ring doves was the result of PCB—iﬁduced endocrine
dysfunction- specifically liver hydroxylating enzyme decomposition

of circulating steroid hormones (Peakall and Peakall, 1973).
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Mirex and Photomirex have not been used to contaminate
ring doves to our knowledge and little is known ;bout thelr effects
on reproduction in other species of birds. Mirex has been shown to
have a Qetrimental effect ﬁn hatchability and chick survival of
domestic chickens (Naber and Ware, 1965) and Mallard ducks (Aras

platyryrchos) (Hyde et al., 1973) at deses above 100 ppm. Kendall

et al., (1978) report that domes of Mirex of 1, .20 and 40 ppn fed

to bobwhite quail (Colinus virinianus) had no déleterious effect on

reproductive success of wild quail.
ARSI
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~ Materials and Methods

Reproductive behavior and maintenance requirements of Ring
Doves under experimental conditions have been thoroughly described
(Lehrman, 1964; Lehrman 1965; Lehrman and Wortis, 1967). The use
of prescribed maintenance te;hniques can ensure conslstantly good
performance and produ;tiviﬁy against which to test the effect ofwa

specific treatment, such as exposure to toxic chemicals.

Some of the ring doves used in the experiment were progeny
of birds originally breought from the Cornell University ceolony by
Dr. D, Peakall. Other ring doves were purchased in July, 1978 from
Bill Jansen, Route 3, Woodstock, Ont. and Don Adams, 555 Dupplin R&-,

Victoria, B.C.

All birds used in the study were paired and allowed to
raise chicks for 21 days in the breeding colony before being used

for the experiment.

Reproductive Biolopy of Ring Doves

Ring doves or ringed turtle doves, as they are also called,
are small relatives of the domestic pigeon (Columba l;glg); This
dove -has a light grey back, creamy-coloured underparts and a prominant
black crescent on thé back of igs neck. .Male and female ring doves
appear similar in plumage but can be sexed either internally or by

thelr behavior when mature.

]

When a male and female ring dove, of previous breeding
experience, are placed in a cage containing a nest bowl and nesting
material, they begin the reproductivecycle that follows a particular

sequence of behavior patterns and a regular time schedule. The first
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day post-pairing,.the male beginsg courting-bowcooing and chasing
behaviors predominate. After several hours he anncunces Ege
selection of the nest site with a brief series of nest coos and
longer bouts ;f wing tip flipping. Both sexes are involved in nest
coﬁstruction. During this firat week, copulation takes place. Seven
to eleven days after the beginningwof\cou;tship, the female lays the
first egg-usually about 5 p.-m. A gecond egg is usually laid 42 hou;s
latey. After 14 days of incubation involving both mates, the young
hatech. When the squab are about 10 days old they leave the nest ‘and
are self-feeding by two weeks of age. By this time the adults have

begun courting again (Lehrman, 1964).

Mei-Fang Cheng (1978) published a summary of present
knowledge of the specific reproductive hormones involved in the
ring dove reproductive cycle and the pérticular behavior displays
that they are known to affect. The description that follows 1is

summarized from M.F. Cheng's work. :

Androgen levels in the male ring dove increase upon

exposure to a female. These hormones are considered to be the male

"

courtship inducer and increasing levels lead to bow—-coo, chaging

and nest coo displays.

Estrogen levels increase in female ring doves exposed to

‘males. Increasing levels of estrogens facilitate in bowl sitting

(without eggs) behavior in the female ring dove and lead to displays
of wing tip flipping and nest coo behavior in both male and female

ring doves.

Luteinizing hormone‘increases in the-female ring dove
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with courtship and induces ovulation, Cheng and Follett (1976) report
that the LH levels of female ting doves surge to a péak }evel
immediately before ovulation then drop off rapidly after egg-laying
and return to baseline pre-courtship levels after the aquab are

hatched.

Ring dove androgens and estrogené Prime and increase the
numbers of progestin receptors available. Then the combined actions
of thege hormones with progesterone lead to the behaviors of nest
building and incubation. Once incubation behavior has been initiated,
Prolactin is the hormone found to be respoﬁsible fer maintaining
incubation behgﬁior and is responsible for crop enlargement in

preparation for feeding squab (Cheng, 1978).

Housing and Maintenance

During the isolation phases of the preliminary trial and
the toxic chemical experiment, birds were houged individually in
17" X 9 3/4" X 7" stainless steel 'rat' cages. Isolation was visual
but not auditory. The birds had continuous access to food, water
and grit. Individual cage feeders were filled twice weekly. Water
dishes were washed-and disinfected weekly. Papers in trays 24"
beneath the cage floors were used to collect droppings. Papers were
changed weekly and the trays holding them were disinfected monthly.
All maintenance procedures followed were in keeping with the

directives published in 1968 by the Canadian Council of Animal Care.

During the breeding phases of the preliminary trial and
the experimént, birds were housed in 3' X 3.5" X 15" 'chick rearing'

cages, manufactured by Brower Better-Built and supplied by Dean
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Williamson Ltd. London, Ont. These cages were divided by a 3' x 10"
plexiglaas partition and supplied with external water troughs, feed
and grict dishes. Each cage also contained a disposable nest bowl

and shredded newsprint for nesting material.

During both isclation and breeding pﬁases of both the
preliminary trial and the toxic chémical experimeﬂt, the birds were'
exposed to natural and artificial light on a 14 hour light, 10 hour
darkness cycle. Tempefatures in. the experimental facility were
between 18°C and 30°¢C during the study period but were usually’

about 22°C. The door between the experimental facility and the
.y
NWRC breeding colony was usually open so that the experimental

birds could hear the breeding colony at all times.

Preliminary Trial

The purpose of the preliminary trial was to confirm that
all ring doves to be used in the experiment would mate and raise
4

chicks successfully under the housing, maintenance, observation and

handling conditions to be used in the toxic chemical experiment. -

60 experienced ring doves (30 male and 30 female) from
the NWRC breeding colony were put into individual isolation c#ées
for 90 days. Duriné this phase and the subsequent breeding phase
the birds were fed a diet consisting of: 42%'milo; 32% millet;
167% wheat; 4% rice; 6% ganary seed and 5% rape seed added after the
others were mixed. A commercial multivitamin preparation was added
to the doves' water and commercial pigeon grit was available. Pairing
for both the preliminary trial and the toxic chemical experiment was

done randomly; however, no bird was agsigned a mate with which it had

R
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been paired for reproductive experiencing or, in the case of the toxic
chemical experiment, with which it had been paired for either

reproductive experience or the preliminary trial.

At the end of the isolation phase, the birds were paired,
marked with magic marker to identify sex and put into the breeding
cages (Figure 1), After the doves were paired, records were made of
nesting progress. The number of eggs and young per nest were recorded
each week day until all young were fledged. Eggs found out of the nest u

v

were put into the nest bowl.

Reproductive behavior was recorded for each pair by the
observer, stationed 7' away from the cages, ;ecording.observationa
at one minute intervals for 30 consecutive minutes each week day.
Displays recorded were as described by Miller and Miller (1958) and
Keith (1978). Behavior scoring was as in Keith {1978) except where
noted in thé Method of Scoring Reprodpctive Behavior detailed later
in this section. The number of minutes per 30 minute observation
period were recorded for individual cour£ship displays and for periods
when birds sat in bowl without eggs, incubated, brooded or fed squab. .
Behavior scores were calculated daily for each pair based on the
observation recorded. Courtshiﬁ displays timed were: bouts of
bowcoo, heteropreening, billing, wing flipping, chasing, and nest
material manipulation {(acts of picking up nest material that didn't

always culminate in nest building). J

e
Blood samples were taken during pre-breeding, on the fourth’

day post-pairing, mid-courtship, mid-incubation and one week post

hatehing. The blood sampling technique is described in detail in the



Fig. 1.

v

Time Sequence of Preliminary Trial and Toxic

Chemical Experiment.

D
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parts headed Method of Blood Sampling and Hormone Assay Techniques.

-

Toxic Chemical Experiment = -

The same housing, maintenance, bleeding, gcoring and nesting
records methods were followed as in the preliminary trial with the

following additional methods.

Immediately before being isolated tﬁe Eirds were assigned
mates and divided into three groups containing 10 pairs each. These
were the low dose group, (gr;up A) the high dose group (group B) and
the control group (group C). During the isolation and breeding phases
the birds were fed the preﬁared seed diet containing the following
additions: Group A's aietvcontained 8 ppm dry weight PCB, 1.67 ppm
dry weight DDE, 0.297 ppm dry welght Mirex and 0.0954‘ppm dry weight
Photomirex. Group B's diet contained 28.03 ppm dry weigh; PCB,

4.61 ppm dry weight DDE, 0.897 ppm dry weight Mirex’ag@ 0.324 ﬁpm

dry weight Photomirex. "Group C's diet contained 22.1 ml of Mazola

-

0il to 1 kg of seed mix.

“ Toxic chemical doses were calculated in the foilowing
"-r’\'. ’__.J
manner: 10 ppm dry weipght PCB in the food resulted in 50 ppm dry
weight in the eggs of ring doves (Peakall et al, 1972). Residue
levels in herring gull eggs from Lake Ontario were: 138 ppm wet
weight PCB, 17 ppm wet weight DDE, 4.4.ppm wet weight Mirex and
1.6 ppm wet weight (Norstrom et al, 1978). Ppm dry weight levels

in the gull eggs were five times these levels {(personal communicatibn

R. Norstrom).

¢
The toxic chemicals were fed 4;:;oves in a pilot project

in the amounts calculated for dry weight in the herring gull eggs

»
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diviqed by ghe concentration factor of 5 (persconal communicatioA‘D.,
Peakall). This was based on the assumpti:: that the DDE, Mirex and
Photomirex concentrate to the samé extent as PCB's. Because doves
fed this diet in the pilot project failed to exhibit raproductive

behavior, toxic chemicals for Groups A and B were calculated by using

15% and 307Z of the levels originally calculated.

In the toxic chemical experiment the amount of Yood consumed
by individual birds was recorded twice weekly throughout the

isolation phase.

The adult birds were weighed at the following times iﬁ;the
toxic chemical experiment: before isolation phase, end of isolation

phase, end of breeding phase. Weights of'chicks fledged were recorded.

— A pbrformance index was calculated for each’ pair. Tgig'
index was the total number of viable eggs or young that were in e?ch
nest during thé first 39 days post-pairing. Experimental pairs
differed in the time takfn to initiate breeding, and some pairs

-~

never_iéid eggs. It was necessary, therefore, to specify a period.

of ti;; over which comparisons could be made between treatment

gfoups. The 39 day peribd provided time for a complete )
reproductive cycle under our experimental conditions as demonstrated
in the preliminary trial and by the control doves in the toxic o
chemiéal experiment. Ring doves under experimental conditggnéj:;t

on ‘clean' food gompleted their clutches by the eleventh day post-

pairing, .and incubaged”for 14 days. Their young were considered

fledged-dt 14 days.

Daily nest records were kept for 54 days post-pairing, at

a
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which time all chicks hatched during the experiment were fledged. At
termination of the experiment all toxic chemical treated birds and

8ix control birds were sacrificed. The-liver, dnd mesenteric fat

. pad ﬁere removed and their welghts recorded. The liver and a portion

of breast muscle were frozen and stored for possible future study.
» : ’
One gram of the fat removed was used for toxic chemical analysis as

described in a separate part of this section. A

Preparation of Diets

Control Diet: 42 kilograms qf seed mix was divided into
four 10.5 kg.batches. Each batch was miXed in aAcommercial bread
mixer and stirred while 232 ml of 'Mazola' oil was poured slowly
into it (Cartwright, 1976). The mixer was left running 15 minutes
to ensure even coating.. Two, 10 gram samples were taken from each '

batch and frozen for later analysis. - ’\\

Experimental diets: Tor group A -0.1026 gms of DDE,
0.8588 gms of Arochlor 1254, 0.0272 gms of Mirex and 0.0097 gms of

b ' op
Photomirex were Individually welghed, dissolved in small amounts of -
hexahe and then dissolved in $30 ml. of Mazola 0il. The Mazola oil
and contaminants were stirred for ome and a half hours with an
automatic sLirrer until all hexane was evaporated off ané the

contaminants were well distributed.

Three 1 ml. samples of the o1l mixture was cleaned up and

analysed for toxic chemical levels using the methods and equipment

described in a separate part of this section.

The group A seed was then mixed with the contaminated oil
as described for the control diet. For group B .2097 gm of DDE,

~— N
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1.714 gms of Arochlor 1254, 0.0548 gms of Mirex and 0.0205 gms of

Photomirex wereweighed, dissclved in hexane and Mazola oil and the

diet was prepared as for group A.

.

All diets were stored covered in separate galvanized steel ?‘

garbage cans in the experimental area.

Method of Scoring Reproductive Behavior

$\ Courtsghip behavior was limited to a score of 20 points pef
*.pair per cobservation period and is defined as behavior that takes
4 .
place out of the nest bowl and before either bird is in the nest

bowl for more than one-half minute during the half hour observation

period. The score was calculated by totalling the time spent in

‘ “\ . .

courtship by an indiyidual and taking this as a percent of the

30 minute observation period which was then given a score out of 10.
For example, a pair where the male courted the female for 10 minutes
and the female wing flippéd for 10 minutes during the 30 minute
observation period would be scored 10/30 x 100/10 plus 10/50 x 100/10

for a total score of 6.6 for the pair for that day.

In-bowl behavior is defined as behavior in the nest bowl
before any eggs are laid. At this stage each pair received a base.
sﬁore of ten points for having progressed through mid-courtship
and additional activities could increase their score to a maximum of
30 points. For examplg, a pair in which the male spent 20 minutes
courting the female while the female spent 1-30 minutes sitting in
thé bowl without eggs was scored 20/30 x 100/10 plus 10 for a score

of 16.6.

Incubation and brooding behavior were defined as that
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¢

behavior in or out ;f the nest bowl while birds were ‘incubating or
brooding young. A base score of 25 points was given to pairs that
incubated or brooded young at least 29 minutes during the 30 inute
observation period. Scores could be increased by other displays
during the period: a pair in which the female incubated for

30 minutes during the observation period while the male adéed nest
material to the nest for a total of ten minutes was scored 25 plus .
¢10/30 x 100/10) for a total of 28.3. Summaries of behavior bcores
were compiled weekly, fo} the first 39 days after pairing and for
three periods: courtship, incubation and care of the young. ‘The
threé periods were defined by each pair by its progress through
reproduction; the periods do not relate to calendér dates. Scoresg
for the incubation and care—of-younglperiods were computed eVEn‘if
that perio? extended beyond 39 days post-pairing, This approach o
allowed comparison of behavior between treated groups over a fixed
‘period (39 days); bEt it also permitted assessment of all behavior
displayed, includiné that of pairs that delayed initiation of

reproduction. ¢

The amount of time spent per pair in individual behavior
displays during the daily observation periods was compiled weekly
and for the first 39 days post—pairing. The amount of time spent
per pair brocding and feeding waé totaled weekly, for
the first 39 days post-palring and for the three reproductive periods.

-

Method of Evaluating Reproductive Success

Besldes the performance Iindex, reproductive success was
assessed by determining for each group:

1) the frequency of pairs laying
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2) the number .of eggs laid
3) the percent hatch

4} the number of young fledged per nesting attempt

Bloodxsampling

During tﬂe preliminary trial and the toxic chemical exéeri—
ment, blood was collected for hormone analysis at the following
times: bleed I, pre-breeding; bleed II, the fourth day post-pairing;
bleed III, mid-courtship (in the preliminary trial a daily beﬁavior
score of 15-20 was shown to be an accurate indication of the pair's
progress to mid—courtship);-bleed IV, mid-incubation (this was the

seventh or eighth day after the second egg was laid); bleéd V, one

week post—hatch of the complete clutch.
i A5y

Approximately 300-500 miérolitres of blood were golletted &
. each time from leg velns. Veins We£; punctured with é 23 pauge
needle and blood was collected in a 500 microlitre *Microtainer brand
capiilary blood serum separator. Blood samples were kept on ice for
a maximum of 30 minutes after collecting and then were spun in an
Eppendorf centrifuge 5412 for 1.5 minuteg at 12,000 g's. Plasma was .

removed and Kg;:‘}Eozen, in storage for three to four months until

hormone assays were done.

Extraction and Radio Immuno Assay of Hormones from Plasma.

Plasma from bleeds I, II and III from female doves was

~

assayed for total estrogen levels. Plasma from bleeds I, II and III

registered trade mark: Becton; Dickinson and Company, Rutherford,

New Jersey. ) ‘\'Eyﬂfﬂ
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from male doves was assayed for total androgen levels. Plasma from

bleed IV of all doves was assayed for‘TA level.

All plasma samples except those from bleed V were analysed
by Radic Immuno Assay Technique (Abraham, 1974) using a Beck;an L.S.
230 Liquid Scintillation System counter and a Hewlett~Packara 9820 A
Calculator for plotting the standard curves. The standard curve

program was madé by Jim Learning at the NWRC.

Seed, Tissue and Egg Cleanup and Toxic Chemical Analysis

Seed Cleanup and Analysis:

wa f

The eight 10 gm samples from each group's diet mix were
combined and a 3 gram sub sample was taken for clean up and toxic

chemical analysis.

The sub samples were ground in a mortar with a small
amount of sodium sulphate then placed on a florisil ;olumn where
the toxic chemicals, were extracted in hexang. Known concentrations
of the four toxic chemicals used were injected Tnto a Hewlett-Packard
. 5739 dual column gas chromatograph equipped with a SP2100 6 foot
column (4 mm I.D.). One micron of each of the cleaned up samples was
then injected into tﬁe same machine. To caleculate the levels of
T
toxic chemicals in the samples the height of the major peaks were

divided by the height of the standards' same peaks then divided by the

weight of the original gample.

Tigsue Cleanup and Analysis

A 1 gram sample of mesenteric fat tissue from each dove was

ground with 10 gréms of sodium sulphate and 5 grams of flourisil:
A
“
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Cleanup and extraction procedure was the same as described

for the seed sample.

Egg Cleanup -and Analysis

The éntire contents of each failed clutch, minus egg shells,
wag' homogenized using a Sorvall Omni-Mixer. A 5 gram sub sample was
then mixed with 30 grams of'sodium sulphate, air dried and ground.

Cieanup “and extraction procedure was the same as degcribed for seed

samples.

Calculations and Statistics

The X2 test was used to test differences in reproductive
parameters (Table II) gince theae are expressed as frequencies. The
significance leével accepted 1s 0.05. Two~tailed and unpaired students
T-tests were applied to test group differences in mean adult bird
weights, food and pesticide consumption, and.hormone levels. Paired
T~tests were applied to determine significant differences between

sexes within groups. The significants\;evel accepted 1s 0.05.

Two nonparametric tests were applied te the behavioral data
since the scores were ordinal measures. . These nonparametric tests
determine whether it is likely that two independent samples came from

the same populatiocn.

The Mann-Whitney U-test and the Kolmogorov-Smirnov both
test for differences in central tendency. However, the Mann-Whitney
is regarded as the most sensitive for differences in central -
tendency, whereas the Kolmogorov-Smirnov test is sensitive to any

kind of difference in the distributions from which the two samples

were drawn-differences in central tendency, in dispersion, or

v
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skewedness (Siegel, 1956). The Kolmogorov-Smirnov Two Sample test
Qas used to illustrate differences in central tendency and dispersion
_ﬁbf scores within groups where the Mann-Whitney~U-test showed a
A statistically significant difference between groups whose median

scores appeared similar. Critiecal values used for both non-parametric

tests are those presented in Siegel (1956).
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Levels of Toxic Chemicalg found in.Diets, Adult Dove Tissues and Fggs

There were substantial differences in the levels of toxié
chemicals found in the diets, birds and eggs of the three, groups of
ring doves involved in thé toxic chemical experiment. The high dose
diet contained approximately three times the amounts of chemicals as
the low dose diet (Table 1). The control diet contained an insigni-
ficant but detectable level of DDE; DDE has been found in samples of
Mazola 01l and are probably thelsource of the DDE found in our control
diet (R. Norstrom, personal communication). The high dose-treated
adults were found to have twice the levels of toxic chemicals in their
fat tissues as the low-dose—treated doves (Table 2). The unhatched
eggs from both treated groups were found to contain similar amounts of
toxic chemicals but the samples available (one clutch from the low
dose group and three egps from two clutches in the high dose group)

are too small for this result to be considered significant (Table 3).
i

Female ring doves in the low dose treated group had
significantly lower toxic chemical levels in their fat tissues after
the breeding phase than the low dose-treated male doves. However,
there i8 no significant difference in the levels of toxic chemicals
between the sexes in the high dosge group {(Table 2a). Thisfindicates
that the low dose~treated female doves lost a significant amount of
thelr body burden of toxic chemicals through egg laying but for the

high dose group, the eggs did not contain a significant fraction of

the adultsg’ toxic chemical load.

F
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Food and Pesticide Consumption, Body Weights of Adult and Fledged Doves

* -

and Weights of Adult Livers and Fat Pads

Treatment ca;sed a dose related, significant decrease in
total food consumption by treated female doves 1.e. the femalé doves
reactgd to the treated diet by consuming less food than control
females (Table ﬁ(b)). The high dose male doves also consumed

significantly less food than control males (Table 4(a)).

The high dose treated female doves weighed significantly
tess than the high dose males at the end of the breeding perigd

—~
(Table 8) but were not significantly lighter than the femﬁie controls.

The high dose treated female doves had ssignificantly
heavier livers than the control females. A trend in this direction
was noted in the high dose treated-male doves. This trend is not

evident in the low dose treated birds (Table 8a).

Reproductive. Success

A dose-related significant increase in courtship period was
found in treated birds vs controls. High dose-treated doves toock
significantly longer to hatch their eggs than either the low dose

birds or the controls (Téble 10).

2

The main effects of treatment on reproductive guccess were
1) that the high dose pairs showed significantly fewer fledged per
nesting attempt than controls; and 2) the treatment resulted fn a ™
dose-related significant decrease in the performance index of the

contaminated doves vs controls (Table 11).

— * ff
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Table 4b. T'ﬁzi)food consumption/sex during

isoTation period. (grams)

Group Total Food Consumption
A ‘ 1195.3 11;?;3
B 1044.8 1091.1%
. c ©1122.4 1200.3
*

statistically significant at 0.05 leggl'
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Table 8b. Weighte of fat pads and liver tissues of toxic chemical—analjéed

birds
Groué _“WJ? fat pad(gm) wt. liver (gm) . ratio.fat:body wt.
6 Q o7 2 d . -f\g;
A 1.16+.48 1.6 £.5 * 4.3£.77 4.4%.75 .78 1.13
B 1.45%.41 1.43%,45 4.3%.84 4.7+.79% .99 1.08
C 1.4 %.36 2.13%.97 3.71;65 3.9%.45 .96 1.5

* |
statistically significant at-0.05 level

l\ -,

)

~
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Effects of Treatment on Reproductive Behavior

Total Behavior Scores During the Three Phases of tha Reproductive

Period

1) Courtship Phase

The treated groups showad a dose related increase in the

'

number of days spent in the courtship phase but there are no

statistically significant differences in the median daily behavior

£

scores or the total behavior scores per group during each group's

courtship phase (Table 12). '

ii) Incubation Phase

f

The treated groups showed a statistically significant.dose-
ralated decrease in median daily total behavior scores during the
incubation phase (Table 13). There were significantly greater

numbers of pairs with low (score less than 25) daily total behavior

scores in both the treated groups than the control group (Figure 2).

f _ﬁq..
That is to say, the treated groups exhibited significantly less
incubation behavior during the incubation phases of their cycles
than the controls and the decrease in incubation behavior was ,«7'

greatest in the, high dose group.

i1i) Care-of-Young Phase

The high dose—treated group had slgnificantly lower medign
total daily behavior scores during the care-of-young period than
controls. The high dose group alsc had a significantl& lower total

\ .
behavior score for its care—of—&oung period than control doves for

\
thelr same period i.e. the high dose birds showed less daily care-of- -
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Table 12. Total Behavior Scores Courtship Period «—

Group  Courtsghip Median Daily Behavior Score/Pair
Period # days courtship Median Range  Total
(days p-p) |
A 1-12 S 11% 14.3 0-34.6  B44,7
B 1-20 17% _ 15.3 0-33  .1365.1
C 1-11 10 15.1 2-28 748.6

—miw e e e & mie mem -

* statistically significant at 0.05 level

"‘-—_.__,/\
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Table 13. Total Behavior Scores Incubation Period

Group Incubation Median Daily Behavior Score/Pair
Period ffdavs
{(days p-p) Incubation Median Range Total
(Incubation Period)
A 12-25 ' 13 25.3% 5.3-32 1945,2
B 18-33 16*% 25% 0-34 2335.3
C 9-24 13 25.3 25-33 2307.5
*

statistically significant at 0.05 level between groups (not

medians).



Fig. 2. Frequency Distribution Plot of Accumulated % of Pairs

In a Particular Score Interval During Incubation.
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young behavior during that phase of their cycle and less overall

care-of-young behavior than controls (Table 14).

The high dose-treated doves displayed significantly less *
reproductive behavior, as shown by significantly lower daily total
behavior scores during the first 39 days post-pairing, than control

doves (Table 15).

Courtship Behavior

Courtship behaviof has been previously described in the
methods section as including: male wing-flipping displays (&*W.F.),
female wing-flippipg displays (g_W.F.L nest material manipulation by
efther sex (N.M.) and sitting in the nest bowl before eggs are laild

{I.B.).

Amounts of g W.F., N.M. (both sexes), I.B. and total daily
behavior score in the treated groups were all significantly less than
in the control group during the first week post~paliring (Tables 16,

18, 19, 20; Figures 3-7).

Results indicate that,there is a significant doée—ralated
gelay in onset of nest building behavior in the treated groups. Nest
building was delayed by one week from controls in the low dose-treated
group and was two weeks later than controls in the high dose-treated

group (Figure

The low doseXtreated male doves displayed significantly more
W.F. behavior during the/first week post-pairing than the control

males (Tab1§47) .
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Table 15. Total Behavior Scores Firgt 39 Days

Daily Behavior Scores

Group " Median Range . Total
A 20.6 0-34.6 4482,7
B 18.7% 0-34 4458, 3
C. 22,9 2-33 5135.3

*

Statistically significant at 0.05 level
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Fig. 3. Group Weekly Behavior Score Expressed as % 39-Day

Total Behavior Score.
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Fig. 4. Accumulated Weekly Total Male W.F. Expressed as %

39-Day Total Male W.F.
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Fig. 5. Accumulated Weekly Total Female W.F. Expressed as 7

39-Day Total Female W.F.
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Fig. 6. Accumuiated Weekly Total N.M.

Total N.M.

Expressed as % 39-Day

N
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Fig. 7. Accumulated Weekly Total I.B. Expressed as

Total I.B. -
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Incubation Behavior

The toxic chemical treatment resulted in a dose-related
significant decrease in the‘daily amcunt of time speﬁ; incubating
eggs. During tbfir respective incubation periods, control pairé
showed an accumulated 987 of their population that incubated eggs
for more than 25 minutes during a 30 minute observation period. The #4
high dose-treated group showed an accumulated 29% of its population,

and the low dose-treated group showed an accumulated 20% of its

population,

hat displayed less than 25 minutes of incubation behavior
during a dé;iy 0 mipdte observation period (Figure 8). While the

Kolmogorov-Smirnov test used to indicate statistically significant

. differences in Figure 8 showed only a statistically significant

-2
difference beétween groups B and C, the Mann-Whitney U test (Table 21)

showed statistically significant dose-nelatpd-differences batween the
treated groups and controls. Siegel (1956) indicateg that for the

larasample gizes we aré dealing with, the Mann—Whitufey U test is

the most accurate non-parametric test. The Kolmogorod=Smirnov test

was 1ncluded to show more clearly the differences between the amounts

. of daily incubation behavior displayed by the treated and control

groups as the median amounts appear similar.

Care-of-Young Behavior

While total behavior scores for this phase include small
amounts 'of courtsghip behavior during the last week of this-phase, the
specific behaviors considered as care-of-young were brooding behavior

and feeding-chicks.

Both treatment groups did significantly less brooding per
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Table 21. Number of Minutes<Incubation Behavior/

Daily Observation Period During \//
Incubatioﬁ;Phases._ﬁu -
Incubation # Min Incubation
Group Period Days Median Range Total
A . 12-25 T 30 5-30 ' 2212
B 18-33 30% 2-30° 2361
C 9-24 30 29-30 2698

* .
statigtically significant at .05 level between groups

(not medians).

RN

~3



~ -
Table 22. Number of Minutes Brooding Behavior/Daily
v - Observation Period During Care-of~Young
Phages. '
- Care of Young # Min. Brooding
“Group Period Daily St Total
~ ’
/////”“' Days P.P Median Range
A 26-42 29% 5-30 2264
B 34-55 26% 2-30 1985%
c ¥ 25-39 30 3-30 2526
*

statistically significant at 0.05 level

.‘V..',-:f)



Fig.-8. Frequency Distribution Plot of Accumulated % of Pairs
" with Particular Number of Minutes Incubation Behavior/

Daily Observation Period During Incubation Phases. I

g
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Fig. 9. Frequency D%Btribution Plot of Accumulated % of Pairs -

with Particular Number, of Minutes Broeding Behavior/

Daily Observation Period During Care-of-Young Phases.
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daily observation period than controls (Table 22). Again the

discrepancy in statisticalrsignificance between Table 22 and Figure 9,

which shows only group B to be significantly different from C, can be

attributed to the different statistical tests used. We accept that the
. .

differences shown for both groups in Table 22 are accurate, that is that

treatment resulted in both treated groups exhibiting less brooding

behaviocr than controls.

-
The high dose treated adult doves showed significantly less

chick feeding behavior during the daily observation period than

=

controls (Table 23). N

Hormone Levels Found in Ring Dove Plasma During Toxic Chemical

Experiment

Treated males showed significantly lower testosterone levels
before pairing and 4 days post~pairing, than centrol males. Testos-
4 .
terone levels in treated males were not significantly lower than

controls by the time they reached their respective mid-courtship

periods (Table 26).

Treated female doves had significantly lower levels of
total estrogens in their plasma than control females by the fourth

day post~pairing but regai:EE"EImIIE;/:;vels ag controlg by their

respective mid courtship periods (Table 27).

Thyroxin levels in plasma from treated ring doves one week
into their respective incubation periods, show a definite trend to

higher than control values (Table 28).



Table 23.

~57-

Number of Minutes Feeding Behavior/Daily

Observation Period During Care-of-Young

Care-of-Young

Number Minutes Feeding

s/

Group (Days p.p) Daily , Total
Median Range
A 0 L 0-7 87
B o 0-5 37%
c 0 0-9 76
- -

Statistically significant at 0.05level. Application

of Mann-Whitney-O-statistical test indicated that the

population distribution differs significantly (pﬁE0.0S)

from group C, but not from group A,
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Table 26. Testosterone in Plasma From Male Ring
Doves During Pre-breeding and Courtship
Phases.
Amount-of Testosterone in Plasma o> doves
(pg/100 nl) ‘
Group Bleed I Bleed II Bleed III
n n n
A 188530% (9) | 340%47% (8) 230268  (6)
| = C o
B 174240% (9) 244239% (9) 244250 (5)
g 235842 (7) 257271 (7)

396£65 (8)

*
Statistically significant at 0.05 level

-
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v

%
Table 27. Amount of Total Estrogens in Plasma From
Female Ring Doves During Pre:breeding“

and Courship Phases. 2

BN

Total Estrogen Amounts in Plasma of o Doves

- (pg/ml) 4
Group Bleed I Bleed II Bleed III
A 58.1%3.7 (9) 71.3%4,1% (5) 19.7:4.8 (3)
B 26-424.8 (10)  65.1%5.1% (8)  73.2+4.8 7
L3
c 58.6+3.4 (10)  83.1:3.0 (8) 76.2£3.% (6)

n
statistically significant at 0.05 level

L,

e S
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Table 28. Levels of Thyroxine in Plasma of Ring

Doves During Mid-Incubation Phades.

Gréup Amount of Thyroxine in Plasma (both sexes
’ included)

ng/ml

Bleed Tv  n

A 8.2£3.7  (20)
B 5.9+2.18  (16)
C 4.1+0.48  (20)

2

o
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Discussion

The results reported in this thesis demonstrate a cause and
effect relationship batween sublethal doses of a toxie chemical mix,
containing PCB's, p,p'-DDE, Mirex and Photomirex, and abnormal

behavior and endocrine dysfunction in breeding ring doves. Treatment

\$“ﬁdﬁsed statistically significant decreases in courtship, incubation

and care-of-young behavior in the ring doves used. Treated doves

showed dosé& Telated significant reductions in reproductive performance.

High-dose treated doves demonstrated a significant’ decrease in the

4

number of young fledged per nest attempt, compared to controls.
Decreased parental attentiveness to eggs and squab was tha immediate
P L

cauge of the poor reproductive performance in both groups of treated

ring doves.

Decreased incubation behavior and increased time to hatch

—_—

eggs have also been observed in PCB and other organochlégine‘COntamin-
ated birds in other control situationg (Table 29) (Peakall and Peakall,
1973; Haegle and Hudson, 1973; Farve, 1978; Keith, 1978). Most
interestingly these behavioral abnormalities have beep desqribed for
some colonies of fish-eating birds ir Lake Ontario. Gilbertson (1975)
studylng a numbefrdf species of -fish-eating birds neating'in Lake
Ontario reported reproductive failures followed a general pattern of
high egg légs during incugat?on due to causes unrelated to predatidn.
He reportgd early and late embryo deathst deaths during piping,}and
decreased incubation B;havior, by aaultp/in birdé contamiPated with
PCB's and organocﬁloride pesticides from Lake”Qntario. @

While the present study in a controlled and favourable environ-

ment did not produce'thg ebryo deaths Gilbertson observed, one can well
‘ “ .

[ -

ALY
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imagine that the decreased parental attentiveness we observed could

have regulted in embryé'deaths under natural conditions of

uncontrolled temperature and humidity fluctuations. The decreased
incubation behavior of adults reported by Gilbertson (1975) and in

more detail by Fox et al (1978) could therefore have resulted from

the preseﬁ;e of PCB, p;p'—DDE, Mirex and Phqfomirex in the adult

birds as the levels reported in their tissués (Gilman et al 1977) x
were higher .than levels in the tissues of the highest dose group

in this study.

Decreased paiental attentiveness teo squab could be the
direct cause of the significantly decreased numbers of young fledged
Per nest attempt obsgerved in the hipgh-dose treated groug@flTreated

doves 1in both dose groubs in-this study spent less time Brooding

young during the daily 30 minute observation period controls.

In addition to thds, high dose treated doveé also spent signiXicantly

less time feedirfg squab than controls.

The significantly decreased amount of brooding and £
N )
received by the squaﬁ§‘9 the high dose group could account for the

substantial reduction of young fledged by this group compared to

controls. - ! ) v

Fox et al (1978) reported decreased fledging success by
the herring gulls in Lake Ontario compazed to herring gulls in the
other Great Lakes %ug& in the Maritimes. They attributed this to

12

th_e.decreased parental attentiveness that they observed. -

Our study inllicates that the decreased parental attentiveness
. - N :7

to chicks and the decreased fledging'success reported by Fox ég: 1

.
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Al

(1978} could be attributed to contamination of gdults Qithvthe same

toxic chemicals.

A performance index- the total number of viable epgs or

chicks per nest during the first 39 days post-pairing—w;s used to
summarize overall reproductive performance of treatment Broups. .
Analysis of variance Ehowed that treated ring doves performed poorly
compared to contrxol doves and the doves with the highest contaminant ‘
load performed more poorly than the less coﬁtaminated doves, that is
to say, a dose-related effect on £he pgrformance index was shown.
Keith (1978) used a similar performance index to test repréductive
performance of ring doves contaminated with DDE and subjected to

food stress.ﬁ~ He reported that ring doves fed 100 ppm DDE in their '

food and mnot subjected to food stress had, a lower performance index

than clean birds. As Keith (1978) used only one dose level of DDE

" he was unable to demonstrate a dose-related effect on performance

index. He reportsﬂa performance index of 45.0 % 22.4 for DDE con-
taminated doves and 66.5 # 5.3 for controls. The performance index's
in Keith's study are higher EEEP :ﬁose reportgi in Table 11 02 this
report. Keith's indexes however, were calculated uéing only data
from pairs that suecessfully fledged young. The performance indexes

in Table 11 include data from all”pairs in our study, iﬁcluding those

that failed to lay eggs or fledg:é'dachicks. »

. Our research on ring doves has also shown that treated

doves showed ;ignificantly less courtghip behavior than controls ]
during the first week post-pairing. The time spent in male winé—tip

flipping di plays however, was the game for high-dose treated birds

o

ar [l

a® for ®ntrols and low dose treated males actually-showed
IS - -

i
L
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significantly more wing—tip-£flipping than contreols. . ~
Male wing—tib-flipping is one of the eariiest courtship ) Lgx
displays after pairing and maleg usually progress from this behavior r'\\\
to nest-bullding behavier in response to female wing-tip-flipping

displays, The fact that treated %emalea did significantly less wing-
tip~flipping than controls probably accounts for the low scores of

1 t
observation that nest build ng was @elayed in the treated groups

»

the treated groups during {he first week post-pairdng and for the. ™

cowpared to controls.

N - . -

. . ,
Peakall and Peakall (1973) in their study of incubating
ring doves contaminated wikh PCB's, concludéd that reproduct ive
success was dependant on th}‘Ebntamination of the female while

exposure of the male was not imﬁartant. Our courtship behavior

observations would seem to agree with this ae female courtghip

s
Pl

behavicr was shown to be affected by treatment but initial male 4

courtghip behavior was not. . >

. Ea -
* Decreased femzle responsiveness to male courtship was !

-probably/fgjfresult of low levels of circulating estrogens.” Estrogen

levels usually increase with male courtship and stimulate wing-tip-
4

éiipping in female ring doves (Cheng, 1978). Lower than control
levels of estrogens in treated doves during the first waek-post—
N

palring found in this study could account for the &ecneased
-, _ .

reBponjzyeness of the treated females to male céurtship Testostergne

levels An treated males were also significantly 1ow@E’EEZ§TETﬁﬂ\ \\‘

control(dOVes during the first week post-pairing. This does not i)

seem to, have affected'their wing-tip~flipping disg&gys. Cheng (1978)
s N . . ‘

©



. treated daily with

w3 :

hed -

however, has shown that male wihg-tip-flipping is an estrogen induced
+*
effect.

Delays in initiating neggf:uilding and incubation have been
observed in many species of birds exposed to DDE or PCB's in
experimental set ups (Peakall and P "11,'1975; Peakall, 1970(a);
Keith, 1978; Farve, 1978; Ritchie a:EE;éterle, 1579). fhese authors
have suggested ;hat delays in onset of nest.buildihg and incubation

cgﬁ cause ser%ous consequences for contaminatTf birds in tl TWild

where envirgnmental conditions are suitablé for chick rearing for only

a specific time-period.

Two mechanisms have, been proposed in the literature to
' o
account for delays in onset of nesting and incubation, and abnormal

paréntal behavior in birds contaminated with PCB's or DDE. Peakall

(1970(b)) proposed that pesticide induced increases in hepatic enzymes

hY

destroy circulating steroi sy This leads to delay in attaining

threshold levels necessary to stimulate breeding pravior, ovulation

and parental attentivemess.

Peakall (1970(a)) showed that ring doves

?ﬁ;;e a Bignificantly‘lo;er estradicl ™
level in their blood and a much higher level.gﬁ'ﬁepatic enzyme
activity. The_abnormal delays in breeding and parental behavior

be readilyrexplained in terms of altered hormone concedtrations

resulting from hepatic enzyme induction. Riseborough gE_zltLQG&

have shown that PCB's are even more powerful inducers of hepatic '

- enzymes in birds than DDT. Most recently Richie and Peterle (1979)

have shown that DDT-contaminated doves failed to show the strong LH
surge omn the 4th § post—pairin hat wag exhibited by. tha control
birds. : The LH has been shown to & imulate ovulation in female ringﬁ

L / N

M
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doves (Cheng.1978). A lack of thigs surge on the 4th day post-pairing
. ‘
suggests that this is the cause of ovulation delay exhibited by DDT

contaminated doves.

Levels of testosterone in plasma from males in both
treatment groups were significantly lower than control levels for

the pre-breeding and fourth day post-pairing samples. However, I

~ .

.y
treated males showed no significant difference from control males in -

plasma testosterone levelg at the time of mid-courtship bleeds. Thus,
. . ]

we have observed that pestl \ge—related initial reduction in <

testosterone level was overcome by the time the treated doves

reached miﬁ—courtship. Testoaterone levels in male ring doves

-

lncrease upon exposure to female ring doves (Chéng,!r978). We
observed that pestic ﬁe-induced reduction of testosterone levels?ig_;>\
the treated male doves) was eventually overcome by exposure to the

2
females but as female courtship behavior was reduced. by the toxic

-

chemical treatment a combination of endocrine and behavior effects
resulted in the prolonged courtship pericds observed in the treated
groups. Haigele and Hudson (1977) reported that ring dSEﬁB dosed

with 10 and 50 ppm DDE displayed reduced total courtghip activity

1

compared to controls. Theirs was strictly a behavioral study aan*-

13

.. - N ]

no attempt was made to measure endocrine levelsg durin%\i&e stud‘l

They concluded that hoth;dbsq levelg of the p,p'-DDE diet did cause
N

a Bignificant reduction in cour tghip behavior during their

-

pbservation period and speculated that thig reflected dg;reased (3
.——-/\"f‘ /

/

estrogen' and androgen levels. K ) e . !/ - o«

J
= J

Eptrogen levels in plasma from Bleefls I an/,Ii’from g

treated’f" le doves were gignificantly lower th levels in female)
N

\—J - g "
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controls. Estrogens facilitate pre-sitting courtshiﬁ behavior in-

female ring doves &Pd increage with male courtship (Cheng, 1978).

5

Peakall (1975) reports that researchers have shoﬁn that
lO)ppm DDE-desed ring doves had lower estradiol levels than controls
and that PCB-treated pigeons had lower circulating estradiol levels

than controls. Our results agree with these findings. : }

w . - ar
Androgens in male ring doves and estrogens in female ring

doves prime and increase the numbers of progestin receptors available.

+

The céEEined actions of the two hormones with progesterone lead to 9
the behaviors of nest building and incubation' (Cheng, 1978). The
decreased levels of androgens and estrogens, during the courtship

\..,
period in the treated doves, combined with the progesterone and

could explain the delays in nest building’ and onset of incubation

reported in this study.

Decreased levels of androgene~and estropgens measured during
oo 15 o
-Eﬁ“the pre-breeding and mid courtship phases in treated doves and tl

trend towards increased liver weights in the dosed birds, provide -

-

evidence that hepatic-enzyme induction and subsequent reduction of

" circulating steroids may be the mode of Mction of the toxic chemical

~
N -

pix's effects on the behavior of adulf r ng doves\ Hormone levels .

reported for -control birds during this study are lower than those -
- . - ™~
: 1
reported for ring doves'in other studies (Silver, Reboulleau and

Lehrman, 1974; Silver, 1978; Cheng and Follet, 1976). Thig is

probably the result of collection and éeparatioh of the blood sampleé

a

in microtainers. Inzgnother study, using ring dove blood collected
4 . A ) .

"

.\ and Bep-aratedi in heparanized tubes we obtaiped'higher hormone recovery'\
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levels than for the same blood collected and separated in micfo-

.
’

tainers.

Another mechanism to explain pesticide-induced changes in
reproductive hormone levels has been proposed by D.J. Jef!;'ies (1967).
He observed delayed ovulation caused by doses of 75 tc 1200 ppm p,p' -

DDT in Béhgalese Finch (Lonchura atriata) and proposed that the site

of action of DDT was probably the pituitary or hypothalmus. He ©
suggests that DDT has an estrogen-like action on the hypothalmus
that results in inhibition of FSH, LH and Prolactin secretion by the

pituitary gland.

. - Jefferies, French and Osborne (1971) fed 3-36 ppm DDT to
”—"—"““”’—’/“;’g:;ups of homing pigeons (Columba livia) and observed that the low

doage b;rds showed signs of hyperthyroidism while the high doagg birds
showed signg of hypothyfoidism. They also found increased liver
welghts i; the DDT—fregted birds. They proposed two posasible
echanis or the observed hype;fh&ro;;I;;? 1) DDf diredtly
stimulates the pituit ly.or thyroid glands to produce more thyroid
ésimulafing hormone oé\thyroxiﬁ or 2) a low level of circulating
thyroxine, caused by increased liver enzyme activity, stimulates the

production of thyroid stimulating hormone by tae pltuitary.

Jefferies (1975)‘propc;es that PCB's and other organo-
chlorines cause hypcthyroidism ih'contaminated Sirds. - He proposes
that.DDE inigially stimulétea the pitﬁitary or thyroid gland to
prodice thyro{d Btimulating hormone and thyroxin but then DDg

N /

competes with- thyroxine for thyroxine gerum proteins thus &eading-

to symptoms of hypothyroidism. He also proposes that PCB' ; cause

4
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hypothyroidiem via pituitary inhibition of thyroid ahtivity.

We have found increased thyroxin levels in the treated ffves
in this study and a trend toward increased liver welghts in the
treated/hoves. We feel‘that this evidence supports tﬂe idea that
pesticides induce increased hepatic enzyme %ctivity. The highé;"

thyroxine levels of the treated birds im our stud may have been the
Qe ¢ )
result of 'stimulation of the pltuitary secretion of TSH in response

to the destruction of circulating thyrexin by hepatic enzymes.
’ . C\-—/

The thyr&&ine findings along with changes in stercid
hormongs in the treated groups provide additional support that PCB'B

and other organochlorines may cause behavioral changes in ring doves via
N 1

jhepat:ic enzyme induction and the consequent reduction of circulating

horumones.

This study indicates tg;t 1) the poor ré;EBductive

performance reported in many species of birds contaminated with

PCB's, DDE or combinations of PCB's and other organochlorines are the
'result 9fltoxic chemically induced changes in behavior of breeding

adults and 2) reproductive performance of contaminated populatipns

will {mprove if Tevels of toxic chemicals in the adults decline.

©

' . .
Norstrom et al. (1978) reports that-levels of PCBls and

organochlorines in the tissues of herring gullg in Lake Ontario are

‘now lower than levelg found during the éariy 70's (when Gilbertson

. .

and Fox made théif'bbservations). Reproductive performance of

herring gulls in Lake Ontario.has been improving since 1975 (Pezkall

’

- et al., 1678; Weseloh et al., ¥979).

> - -

’ The results ﬁreseéﬁ?

L4

here provide evidence that behavioral}
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abnormalities observed in-the early 70's in herring gulls in Lake
Ontario were probably the result of PCB and other organochlorine-

induced endocrine dysfﬁnction in the breeding adults,

Eggshell thinning caused by DDT and its metabolites has
fw been associated with reproductive failures in many avian species
\\ﬁfng doves exposed to 5 ppm or less of DDE in their diets do not
show a significant decrease in eggshell thickness (Peakall 1975).
Tgt highest dose group in this studv contained 5 ppm in their diet
and failed to show any signs of thin shells or egg breakage. PCB's
have not been associated .with the phenomenon of eggshell thinning in

birds (Peakall, 1971)

This study provides evidence that behavioral abnormalities

in breéﬂing ff;;’;tves are caused by pesticide-induced endocrine

A .
dysfunction. It also suggests that further researci/is’ﬁEbded since

PCB's and organochlorines are widespread’and persistant pollutants

in the environment. The effects of thege chemicals should be

N
s,

explored over several generations. -
. . m
. Ihe fact that these chemicals cause significant effects
1 : :
.on inCUbation ang care- of—vnung behaviors in particular suggests

that thev could cause greatly increased reproductive failures in ' -

. > .

wild binds due to predation, and hatichi g\ijilure especially during . ¢

breeding selason with fluctuating Or emxtreme weather conditions. 5
1 M . 4
. \ . v —

y// " S " While it is danger%gf to extrapol te 0o field conditions
- ‘ : N
4 " on the basis gf laboratory studies, such studie \éo illustrate the

hazards of énvirq&ifntal contaminants and theknegd to reduce the ) ‘

- b - A,
exposure of qildli' to siuch biologically active chemicals. o <

» T “ \“\¢ ‘ -

v
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< , Summary and Conclusions ‘l

ReproductiVe failure in a colony of Lake Ontario herring |
gulls'are~thought:to be the result of behavioral abnormalities in
the adult éulls. It has been proposed that these behavioral
abnormalifies are the result of pollutant induced endocrine

dysfuncgion (Fox et al., 1578).

The present study was undertaken to determine if toxic
chemicals, currently found in the tissues of adult herring gulls
from Lake Ontario would produce_behaviorai abnormalities, decréased

reproductive success and endocrine dysfunction in ring doves in a

DO Y

‘controlled environment.

.

5

Ring doves were fed-a-toxic chemical tix cortaining PCB's,

p,p'fDDE, Mirex and Photomirex. . Treatment resulted in significantly
. _ ) .-
decreased courtship behavior and parental attentiveness. Treated

i
BN

groups had significantly poprer reproductive performance than control

doves and significantly lower leveis of circulating steroids than

v

controls. TreatedTg;}Hﬁ showed trenda towards higher thyroxin levels
N )

and higher liver weightse during.the courtship period than controls.

We have shown that there is a cause and effect relationship
. N
between sub-lethal doses of the toxic chemicals used, and Hehavidral’

abnormalities that were responsible for the poorer reproddctive
. SRR Do _ v
success of the treated ring ‘doves compared to .cont¥ols. e conclude

that the observed behawioral abnormalities were prqbaﬁfﬁuthe‘gesult

.

‘of pollutant-induced hepatic engyme-destructicn df circula;ing‘hormbngs.u

* ’ (.‘ !
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Table 6. Rate of Food Consumption During Isolation Period
Group Mean Rate of Food Consumption in gm/day During Isclation Period
o’ 9 Group mean food censumption
A 12,91+1.99 12.27+0.92% ; 12.59%1.54
B . 11.61%1.35 12.12#1,2% 11,8721.27%
c o 12.92+1.28 13.3421.4 13.12#1.2

statigtically significent at 0.05 -level



-80~

DS |

Table 7. Rate of Pesticide Consumpticn During Isolation Period
1
Group Mean Rate pesticide consumption in mg/kgm body weight/day during isolation period’
DDE PCB Mirex Photomirex
& g Croup 7 9 Group g7 9 Group s’ Q Group
A .0l4 .014 .014 .07 .07 .07 .0026 .0026 .0026 . 0008
B .37 42 + 39 2.2 2.6 2.39 .007 .008 . 0076

.0025

~f



Table 9.
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Weights of Fledged Ring Doves

Grbup

wt. of chicks raised to 14 days(gm)

Median Range n
a5 77-104 13

rd
86 45-112 7

91 78-9% 17
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