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INTRODUCTION
Environmental and physiological control of in

cubation behavior in wild and domesticated birds has 
been under investigation for the past thirty-five 
years. Most of the early literature deals with the 
non-passerines, specifically doves, pigeons and fowl. 
However, recent work has involved the order Passeri
formes. The Redwinged Blackbird (Agelaius phoeniceus) 
of this order is the subject of the present inves
tigation. Changes in prolactin quantities of the 
pituitary at various stages in the reproductive cycle 
are the prime areas of concern.

Most of the previous experiments have involved 
domesticated birds or birds caught in the wild and 
then caged under simulated, natural, environmental 
conditions. While it is advantageous to be able to 
control the variables of the environment, certain 
naturally occurring uncontrollable variables are 
known to influence the internal environment in many 
instances, and are responsible for normal behavior 
in an animal. Hence, an accurate description of 
hormonal influence on behavior requires monitoring 
endocrine correlates to behavior in natural popu
lations .
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Incubation behavior, namely, time spent on the 
nest from the time the first egg is laid to the 
final day of extended incubation, is influenced by 
exogenous and endogenous conditions. Several exog
enous factors which, in part, determine the incu
bation behavior of a particular female are: ambient
temperature; time of day; nesting site (whether it 
is isolated or in a dense nesting colony); first, 
second or third nest built by the bird; occurrence 
and type of predators; the age of the female building 
the nest; presence of the male; and food and water 
availability.

Endogenous control of incubation behavior was 
first postulated by Lienhart (1927). He noted that 
subcutaneously injected doses of serum from incu
bating hens into non-incubating hens exposed to eggs, 
induced incubation behavior in recipient birds after 
a period of hours. The incubation behavior described 
included clucking and sitting on the eggs. In one 
instance a hen incubated for the entire 21 days and 
successfully reared the young. No apparent effect 
on incubation behavior was witnessed when the same 
procedure was employed with serum from non-incubating
hens .
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Riddle, Bates and Lahr (1935) were the first to 
use a newly found pituitary protein (prolactin) that 
stimulated the crop sacs of pigeons, influenced 
mammary secretion and exercised a strong antigonadal 
response. Hens in laying and non-laying conditions 
were injected intramusculary with pituitary extracts 
of prolactin, unseparated follicle stimulating 
hormone (FSH) and leuteinizing hormone (LH); hens 
exhibited broodiness by clucking and persistent 
incubation or nesting. Nearly all laying hens in
cubated eggs when injected with prolactin. While 
hens treated with combined FSH and LH showed no 
incubation behavior, it was noticed that combined 
FSH-LH and prolactin treatment stopped egg production. 
Clucking and nesting were observed in the non-laying 
hens, but this behavior did not persist for any 
length of time. The results of Riddle and collabor
ators were the first clear evidence for the induction 
of broodiness by an anterior pituitary substance.

Though exogenous prolactin may cause the laying 
hen to become partially or temporarily broody prior 
to the time it develops ova, ovulates and lays eggs, 
persistent broodiness ensues only when the quantity 
and duration of injections have repressed her ovary
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and stopped the growth and production of ova (Riddle 
e_t a_l. , 1935). The antigonadal effect of prolactin 
is thought to result from selective inhibition of 
the release of follicle-stimulating hormone and/or 
inhibition of FSH action. This assumption is based 
on the findings that FSH can restore the size of the 
gonads of prolactin-treated birds (Bates e_t a_l. ,
1937 ; Nalbandov, 1945 ; Meier, 1969). Riddle e_t al . 
(1935) found that FSH also stopped egg production 
but did not induce incubation behavior and the 
authors concluded that the mere blocking of egg 
production and ovulation does not necessarily result 
in the onset of incubation behavior.

Several investigators, using various bioassay 
methods, have reported increased amounts of prolactin 
contained in the anterior pituitary of many birds 
at the beginning, or very early in incubation; the 
prolactin increase is reported in comparison to 
prolactin content of non-breeding birds' pituitaries 
(Saeki and Tanabe, 1954, 1955; Breitenbach and Meyer, 
1959; Schooley and Riddle, 1938; Nakajo and Tanaka, 
1956 ; Nicoll et_ ¿rl. , 1967 ; Höhn, 1962).

Saeki and Tanabe (1954), utilizing the pigeon 
crop sac bioassay of Reece and Turner (1937),
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investigated pituitary prolactin content of fowl 
during nesting and rearing of chicks in the broody 
period. Relatively high values of pituitary pro
lactin were recorded for incubating hens for as long 
as nesting lasted. Laying hens' pituitary content 
of prolactin was lower than incubating hens. The 
quantity of prolactin in the pituitary after hatching 
of the eggs was comparable to the levels of prolactin 
contained in the laying hens' pituitary.

Breitenbach and Meyer (1959) calculated pitui
tary prolactin content in the Ringed-necked Pheasant 
(Phas ianus colchicus) from laying, non-laying and 
incubating stages and care of young. A pigeon crop 
sac bioassay method was used to detect the levels of 
prolactin. They found that pituitary prolactin 
content was much higher during early incubation than 
levels observed in laying birds. Peak prolactin 
levels were noted during mid-incubation (days 8-12). 
Prolactin content declined rapidly during the latter 
portion of incubation. Breitenbach and Meyer pos
tulated that the onset of prolactin production and 
secretion were due to many circumstances. They sug
gested that: the accumulating ovulated follicles
in the ovary and increasing amounts of a substance,
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possibly progesterone, could initiate prolactin 
secretion; external stimulation supplied by the nest 
and accumulating eggs of the clutch may influence 
the release and increased production of prolactin; 
the secretion of prolactin in turn may inhibit FSH 
production and indirectly estrogen output. They 
decided that the influences of prolactin are ex
pressed in broody behavior of the hen in relation 
to the nest and ultimately to the chicks.

Nicoll, Pfeiffer and Fevold (1967) demonstrated 
quantitative changes in the levels of pituitary 
prolactin in male and female Wilson's Phalaropes 
(Steganopus tricolor) . In this species , the male 
does the incubating and caring for the young. During 
incubation, the prolactin content of the male's 
pituitary was substantially greater than that of the 
female. The authors believed that the differences 
in the quantity of prolactin secreted by the pitu
itary of the male and female Phalaropes may be 
largely responsible for the reversal of sexual roles 
in this species.

H8hn (1962) reported that the pituitary pro
lactin content of the female Redwing was much higher 
throughout the breeding season than in the non-
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breeding season. The author, however, did not 
indicate the reproductive stage of the breeding 
bird. Such data make estimates of the time of 
onset of prolactin secretion impossible.

Indirect evidence of pituitary prolactin pro
duction has been reported by investigators using 
pituitary cytological assays (Schooley and Riddle, 
1938 ; Payne, 1942 , 1943 ; Yasuda, 1953 ; Tixier-Vidal , 
1963; Wingstrand, 1951).

Acidophils are responsible for prolactin secre
tion, while the basophils are responsible for the 
secretion of the gonadotrophins. The localization 
of the prolactin secretory cell in the anterior 
pituitary of birds was demonstrated by Rahn and 
Painter (1941). Two cytologically distinct regions 
were observed within the pars distalis of eighteen 
different species of birds, representing seven orders 
and twelve families. In all cases observed, the pro
lactin secretory cell (a deeply staining, coarsely 
granular acidophil) was restricted to the caudal 
lobe.

Yasuda (1953) described the cytological and his
tological changes that occur in the anterior pitu
itary of broody fowl and determined the cytological
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site responsible for the secretion of the hormone 
which induces broodiness. Pituitaries of broody 
hens showed a marked transition by the fifth day of 
the broody period, since acidophils of the caudal 
lobe increased in secretory granules. At the begin
ning of the broody period, the acidophils were round 
or oval in shape and bordered on blood vessels, 
showing a cluster in contact with the blood sinus 
and its branches. In the middle of the broody 
period, the acidophils of the caudal lobe increased 
in number and size and became somewhat elongate. 
During the last period of broodiness, the nuclei of 
the acidophils were smaller with fewer cytoplasmic 
granules. Changes in basophils during the broody 
period were conspicuous. When broodiness began, 
the basophils reverted to the chromophobic form 
with large, clear, cytologically typical resting 
nuclei.

To determine if the cytological changes in the 
caudal lobe of the broody hen were associated with 
increased amounts of prolactin production, Nakajo 
and Tanaka (1956) divided the anterior pituitary 
of Nagoya hens into the two respective lobes, caudal 
and cephalic. Prolactin content of each lobe
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at days 3, 5, 7, 15, 16 and 19 of broodiness was 
measured by a pigeon crop sac bioassay. Results 
showed that in the non-broody hen, the caudal lobe 
had less prolactin content than the cephalic lobe. 
However, in the broody hen, the caudal lobe contained 
as much prolactin as that of the cephalic lobe. It 
was therefore concluded that expression of broodiness 
was closely associated with the increase or decrease 
in the content of prolactin in the anterior pitu
itary. These changes of prolactin content occurred 
mainly in the caudal lobe.

Schooley and Riddle (1938) reported that baso
philic cells showed increased activity in the adult 
adenohypophysis of both sexes of doves and pigeons 
throughout the whole of the copulatory period.
During this interval, output of the gonadotrophins 
FSH and LH reached an all time maximum, lasting 6-8 
days during growth and ovulation of ova. Through
out this time, in both sexes there was visible 
evidence of minimum acidophilic secretory activity. 
Implants of such pituitaries over crop sacs of 
pigeons indicated a minimum content of prolactin.
When two ova reached their maximum size and were 
shed from the ovary, the basophils showed changes
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In their granulation, mitochondria and Golgi ap
paratus. This cell was reported as a post secretory 
basophil that appeared in females after the second 
ovulation; in the pigeon the second ovulation would 
normally correspond to the last egg laid. FSH and 
LH content of such pituitaries was then much reduced. 
In contrast, the acidophils showed a relative in
crease in number together with a type of granulation 
regarded as characteristic of active secretion. 
Schooley and Riddle interpreted the correlation 
between cytological and physiological data as in
dicating that prolactin is secreted by the acido
phils. They also concluded that prolactin is the 
key to the stop and £o mechanism separating the 
sexual phase from the incubation phase of the re
productive cycle of doves and pigeons.

Lehrman and Brody (1961) do not concur with 
the contention of Schooley and Riddle that prolactin 
plays a significant role in the initiation of in
cubation in birds. Their work with Ring Doves 
(Streptopelia risoria) determined that injections 
of exogenous prolactin are relatively ineffective in 
initiating incubation behavior when compared with
injections of progesterone. Changes in the weight



and histology of the doves' crop sac (which like the 
pigeons' is a highly specific indicator of the 
presence of prolactin) were determined to occur not 
before but after the beginning of incubation. If 
prolactin were the main inducer of incubation be
havior, then increases in crop sac weight should be 
associated with the onset of incubation. Also, 
treatments which induce incubation behavior (such 
as progesterone injections which yielded 95-100% 
incubation behavior) should also induce increases 
in crop sac weight. Neither of these conditions 
occur in the Ring Dove. Crops of Ring Doves just 
beginning to incubate were found to be no heavier 
than those of doves seven days earlier in the cycle.

Amounts of injected prolactin that induced a 
significant increase in crop sac weight, were too 
small to have any effect on incubation behavior.
This finding strongly suggests that if endogenous 
prolactin were the hormonal initiator of incubation 
behavior, prolactin levels should be so only in 
quantities sufficient to cause increases in crop 
sac weight. Lehrman and Brody concluded that par
ticipation in incubation behavior itself elicited 
prolactin secretion, since it was found that the

11
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crops of male doves could be maintained as a result 
of merely seeing the female incubate.

Saeki and Tanabe (1955) reported that the pro
lactin content of the anterior pituitary of hens 
was substantially higher just after the beginning 
of incubation when compared to laying hens. Pro
lactin content remained high until the eggs hatched. 
Hens provided with infertile eggs continued to in
cubate them for longer than twice the normal incu
bation period. Pituitary prolactin content of hens 
in extended incubation remained high during the 
entire period.

It is known that prolactin is involved in the 
developing and maintenance of a brood patch in most 
birds (Bailey, 1952); the brood patch facilitates 
heat transfer from the incubating bird to the eggs. 
Since pituitary prolactin does not reach a sub
stantial level until after all the eggs are laid, 
the lack of hormone necessary for full development 
of the brood patch and accompanying control of 
incubation behavior could be advantageous to the 
bird. Incubation of large clutches immediately 
could result in the young hatched first suffering 
from food deprivation, neglect and a lowered chance



of survival in some species.
It is important to note that Lehrman and Brody 

experiments were performed on the dove and pigeon. 
Since the crop sac response has been found in only 
the Columbiformes, it is possible that incubation 
in the dove and pigeon may be under the control of 
some other hormone than prolactin or may represent 
a synergistic control of several hormones. Also, 
since Lehrman and Brody's experiments, better micro 
techniques have evolved in the area of the crop 
sac bioassay, enabling the investigator to measure 
prolactin response not visually detectable.



STATEMENT OF PROBLEM
This investigation was undertaken to quantitate 

the pituitary prolactin levels of the Redwinged 
Blackbird female at designated stages in the repro
ductive cycle, including extended incubation. Changes 
in prolactin content of the pituitary, compared to 
the levels measurable in non-breeding females, were 
expected throughout the different stages of repro
duction. The expected changes in pituitary prolactin 
content and secretion (reflected by assay data, 
anatomical changes in the gonads, and incubation 
constancies of the female Redwing) were felt to be 
related to the accompanying changes in incubation
behavior.



MATERIALS & METHODS
Collection of Specimens.

Redwinged Blackbird females (Agelaius phoeniceus) 
utilized in the pigeon crop sac bioassay of prolactin 
content of the adenohypophysis, were collected during 
the months from March to August, 1969 in the area of 
Waterloo, Nebraska which is located in the eastern 
part of the state. Redwing females were also col
lected by Dr. Holcomb in the summer of 1967 and 1968 
in Wooster, Ohio and Waterloo, Nebraska. The pitui- 
taries of these birds were serially sectioned for 
cytological assay.

Birds were collected at various stages charac
terized by a certain designated point in the repro
ductive cycle. These stages correspond to:

(1) Spring arrival
(2) Paired
(3) Nest building
(4) Complete nest
(5) Egg laying (days 1-2)
(6) Egg laying (days 3-4)
(7) Incubation (days 1-3)
(8) (days 4-6)
(9) (days 7-9)

(10) (days 10-12)
(11) (days 13-15)*
(12) (days 16-18)*
(13) (days 19-21)*

* Extended incubation
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Redwings nest primarily in marshy areas. The 
area around Waterloo, Nebraska consisted of approxi
mately 20 acres and was surrounded on all sides by 
highway. The artificially created lowlands col
lected ample water to support the growth of the pre
dominant vegetation of cattails (Typha spp . ) . Nests 
were found primarily in the abundant cattails, but 
as the season progressed also in Willows (Salix spp.) 
and Dogwoods (Cornus spp.).

Nests were checked every morning for progess and 
new nests were marked with a numbered cloth tag 
secured to the vegetation approximately 3-4 feet 
away from the nest site. A daily file was kept on 
all nests and their progress. To determine if an 
incubating bird's nest was still active, eggs were 
placed to the lips of the investigator to check for 
warmth. Nests were checked between the hours of 
5:30-9:00 A.M. while the air was still cool.

Approximately 275 Redwing and numerous Robin 
(Turdus migratorius) and Common Grackle (Quiscalus 
quiscula) nests were found during the summer of 1969. 
This figure does not represent an accurate nest 
density for this area, for only a few female Redwings 
were allowed to hatch and raise young. All other
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nests were controlled by placing plaster of paris 
artificial eggs (molded and painted to the speci
fications of normal Redwing eggs) in the nest a 
few days after the last egg laid. This offered a 
method of extending incubation from the normal 11 
day period up to 22 days.

Birds were collected between the hours of 5:30- 
9:00 A.M., Central Daylight Time. A twelve gauge 
shotgun with number nine bird shot was employed.
This was the only feasible method of collection and 
all but a few birds were suitable for pituitary 
removal. Care was taken to collect all birds between 
the same morning hours to rule out any possible 
change in prolactin secretion or storage due to 
fluctuations in activity of the pituitary gland.

Anterior pituitaries utilized in the bioassay 
were removed in the field and immersed in acetone 
immediately after sacrifice. Pituitaries were kept 
in the acetone for a period of 3-5 hours until they 
could be placed in a vacuum desiccator in the labor
atory. A temporary laboratory was set up in the 
field adjacent to the point of collection of the 
birds to take various organ weights. Total weight 
to the nearest 0.1 gram and ovary and oviduct weight
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to the nearest 0.1 milligram were taken. These 
organs along with a central portion of the brood 
patch were stored in formaldehyde and then 70% alcohol 
for later study. Acetone dried pituitaries were 
weighed to the nearest 0.01 milligram.

Pituitaries employed in the cytological assay 
were removed from the bird at the campus laboratory, 
immersed in a fixative of mercuric chloride, dis
tilled water, chrome alum and 40% formalin, and kept 
overnight. They were then run through the usual 
graded alcohols and embedded in paraffin and stored 
until sectioned.
Pigeon Crop Sac Bioassay.

The pigeon crop sac bioassay modified by Nicoll 
(1967) was employed. Six to eight week old Silver 
King pigeons from the Palmetto Pigeon Plant, Sumter, 
South Carolina were used in this experiment. Two or 
three pituitaries from each stage were pooled, homo- 
genated and suspended in 0.5 ml of physiological 
saline. Pigeons were sensitized 24 hours prior to 
the local prolactin and pituitary suspension injec
tions by a single, systemic, subcutaneous injection 
of 1.0 ml of ovine prolactin (concentration of 2.7 
International Units (I.U.)). This primer dose was
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administered in the area between the right leg and 
lower ventral apterium.

The centrally located cutaneous injection site 
over one of the crop sacs of all pigeons was marked 
with red ink at the time of the first injection.
This marking procedure insured that subsequent in
jections would be administered at the same location. 
Four injections with a volume of 0.1 ml each were 
administered over a period of two days. The first 
injection was administered at 9:00 A.M. and the 
second at 5:00 P.M. The last two injections were 
given on the following day at the same respective 
times. The injections were administered over the 
crop sac in a circular fashion, each injection 45° 
clockwise from the previous one. This is important, 
since the injection must not be made into the center 
of the crop sac but rather in the area between the 
dermis and the crop. The circular method of adminis
tering the injections about a fixed point, allowed 
for maximum proliferation of the pituitary homogenate.

Twenty hours after the last injection, all 
pigeons were sacrificed by decapitation. Feathers 
were stripped from the breast region exposing both 
hemicrops. A 20 gauge needle was inserted through
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the externally marked injection site and the un
injected contralateral hemicrop. These holes were 
used to locate the injection site on the under
lying crop tissue in the absence of visible stimu
lation. The crop sac was peeled away from the breast 
of the pigeon and halved at the midline. Each hemi
crop was placed over the top of the plexiglass 
cylinder apparatus (Nicoll, 1967), so that the visible 
stimulated area or that marked by the needle hole 
was centered over the porous stainless steel plate 
(4 cm diameter). The uninjected hemicrop served 
as a control to quantitate prolactin response in the 
form of weight increase in the injected hemicrop.

The submucosal layer of the hemicrop was placed 
in contact with the steel plate, with the mucosal 
epithelium facing upward. The tissue was manually 
pulled down along the sides of the plexiglass 
cylinder, then a spring steel clamp was mounted on 
the cylinder over the crop sac about 1.0 cm below 
the top in such a way to hold the crop tissue firmly 
against the side of the cylinder. A rubber band 
from the B. F. Goodrich Company measuring 1/8" wide, 
1/32" thick and a circumference of 3" was placed 
around the bottom of the cylinder, connected to the
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hooks on the ring clamp and wound from the screws at 
the base of the cylinder. The tension exerted by 
the rubber band pulled the ring clamp and crop tissue 
downward until the tension of the band equalled the 
tension on the tissue. This insured a uniform stretch 
exerted on each hemicrop. The interior of the plexi
glass cylinder was evacuated. The reduced pressure 
within the cylinder caused the crop tissue to be held 
firmly in place across the porous steel plate, thus 
reducing the chance of tearing the tissue when 
scraping the mucosal epithelium. To quantify the 
crop sac responses to prolactin, the mucosal epi
thelium lying within the perimeter of the steel disc 
was scraped from the underlying submucosal layer. 
Scraping was done with the use of semi-curved forceps 
(points closed), by short, gentle but firm strokes 
moving from the periphery of the steel disc toward 
the center. This step must be done carefully so as 
not to tear the tissue. This method of removing 
mucosal epithelium was histologically checked by 
Nicoll (1967) and reported to remove most all of 
the tissue. The scraped mucosal epithelium was
removed and transferred to a small piece of previously2weighed aluminum foil (about 3 cm ). The epithelium
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and foil were placed in a drying oven set at 110° C
for 48 hours. The foil and tissue were then removed
and weighed to the nearest 0.001 mg. The initial
weight of the foil was subtracted from the total
weight of the foil and tissue. The obtained value,
less the weight of the control hemicrop, represented
the weight increase. The weight increase of tissue
was expressed as a percent increase ŵt. increase ^

control wt.
100) .

A dose response curve was plotted with known 
total amounts of ovine prolactin dissolved in 1.0 ml 
of physiological saline. A total volume of 0.4 ml 
of the prolactin suspension was administered in four 
separate injections (same procedure as described for 
pituitary suspension injections). The total amount 
of prolactin administered corresponded to: 0.10 yg ,
0.20 yg, 0.26 yg, 0.40 yg, 0.43 yg, 0.72 yg, 1.44 yg, 
2.00 yg, 2.44 yg. One microgram of prolactin cor
responded to 2.77 x 10-  ̂ I.U. Pituitary prolactin 
content was expressed as yg per mg of dried pituitary 
weight and yg per pituitary.
Cytological Assay.

Anterior pituitaries embedded in paraffin were 
serially sectioned at 5 microns. Because of the



extremely small size of the Redwing pituitary, it 
was difficult to orient the gland in order to obtain 
the desired sagittal section.
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Modified Martin's Hematoxylin tri-chrome tech
nique (Goldberg and Chaikoff, 1952) was employed, 
consisting of the following steps:

(1) Xylol - 5 min.
(2) Xylol - 2 min.
(3) 100% ethyl ale. - 1 min.
(4) 95% ethyl ale. - 1 min.
(5) 70% ethyl ale. - 1 min.
(6) Dist . H2 O - 1 min.
(7) Harris Hematoxylin - 5-8 min.
(8) Differentiate in 0.5% HNO^, wash in running 

tap H 2 O - 10 min.
(9) Immerse in acid-fuchsin-Orange G (20-30 sec.)

acid-fuchsin......... 1 gram
Orange G............. 0.4 gram
glacial acetic acid...3 ml 
distilled H2 O........30 ml

(10) Rinse in distilled H2 O - 1 min.( I D Immerse in 2% acid phosphomolybdic - 5 min.
(12) Rinse in dist. H 2 O - 1 min.
(13) Immerse in 1% aniline blue in 2% acetic 

acid - 20-25 sec.
(14) Rinse in dist. H2 O - 1 min.
(15) Differentiate in 90% ethyl ale. - dip



(16) Dip in 100% ethyl ale.
(17) Xylol - 1 min.
(18) Xylol - 2-5 min.
(19) Xylol - 30 min.
(20) Mount in permount
Acidophils stained by this method appeared round 

oval, polygonal or stellate. The fine granules 
stained orange to red. There was a single round to 
oval nucleus with a single fuchsinophilic nucleolus 
with coarse chromatin granules. Basophils were large 
irregular to polygonal shape with a distinct cell 
boundary. The coarse granules stained a light blue 
and tended to clump at the periphery of the cell.
The nucleus was irregular in shape with 1-3 fushsino- 
philic nucleoli. Chromophobes were agranular, with 
the cytoplasm not stained. They were irregular in 
shape with an oval nucleus and seldom possessing any 
nucleoli.

Change in acidophil activity in the caudal lobe 
was monitored in each stage, by counting 1000 cells 
per pituitary and expressing the number of acidophils 
as a percentage of the total.

The region of the caudal lobe was subjectively 
located for each section counted. A grid was used to
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facilitate counting and was placed randomly in the 
caudal lobe in 2 positions in each of the three 
sections counted. Counting was done under oil at 
1000 magnification. Once the first section was 
counted, a section was skipped between the second 
and again between the third in order to rule out 
any overlapping of cell counts. All secretory cells 
lying within or touching the alternating lines of 
the grid were counted. Only dark staining acido
phils were counted. It is clear that both types of 
acidophils, light staining and dark staining, existed 
in the anterior pituitary of the Redwinged Blackbird. 
Light staining acidophils were primarily restricted 
to the cephalic lobe and whenever witnessed in the 
caudal lobe were not counted as an acidophil, but 
placed in the category with the other secretory 
cells. To aid in the counting, a green light filter 
was used. This accented the orange granules of the 
dark staining acidophils, with the blue granules of 
the basophil not showing through. No attempt was 
made to distinguish between basophils and chromo
phobes, since activity was expressed as changes in 
acidophil numbers against all other cells counted.
The change in dark staining acidophil activity per



reproductive stage was interpreted as a change in 
activity of the pituitary with production of pro
lactin.



JUSTIFICATION OF METHODS
Several quantitative methods are available for 

measurement of endogenous prolactin. Recent methods 
include the immunochemical studies of serum samples 
(Emmart, Spicer and Bates, 1963; Emmart, Bates, 
Condliffe and Turner, 1963 ; Takizawa eĵ  aJL. , 1968), 
localization of prolactin in the pituitary using a 
fluorescent antiprolactin globulin (Emmart, Bates 
and Turner, 1964; Emmart, Pickford and Wilhelmi, 
1966; Emmart and Mossakowski, 1967), and an analysis 
of prolactin by disc electrophoresis (Yanai and 
Nagasawa, 1969). Classically, two prominent methods 
of measuring pituitary prolactin content are the 
pigeon crop sac bioassay and the pituitary cyto- 
logical assay. The latter measures fluctuations in 
cell types in the cephalic and caudal lobe of the 
anterior pituitary. These methods were employed in 
the analysis of prolactin in this investigation 
because of the greater ease of operation and the 
relative cost of these assays when compared with the 
other available methods.

Nicoll's (1967) modification of the pigeon crop 
sac bioassay was used. This method made it possible 
to quantitate pituitary prolactin concentrations.
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This new micro-technique ruled out much of the sub
jectivity that plagued the earlier investigators who 
had to rely on the presence of visible stimulated 
areas of crop tissue to measure response to exogenous 
prolactin.

When estimating hormonal secretion rates from 
hormonal content of the pituitary, it is important 
to validate the use of the assays employed. Assuming 
that the pituitary produces and stores the gonado
trophic hormones (including prolactin) regardless 
of the influence of external and internal factors, 
eliminates any inference to secretory rates and the 
accompanying hormonal effects on behavior. However, 
if the concept of an assay of pituitary prolactin 
is accepted as a reflection of production, storage 
and release of prolactin in equilibrium with the 
target tissue (brain, brood patch and ovary), then 
the prolactin content of the pituitary should be 
related to the changes in the target tissues. These 
changes in the target tissues in turn should reflect 
the rate at which the pituitary releases the hormone 
(Nalbandov, 1964). It is possible that at some 
stage in the reproductive cycle (possibly spring 
arrivals) the target tissues are not responsive to



29

prolactin. Low pituitary content could be accom
panied by high prolactin blood levels. This dif
ference in responsiveness to prolactin cannot be 
ascertained from the results of these assays and must 
be determined by an analysis of blood hormonal levels 
of the Redwing. However, due to the small amounts 
of blood in most avian species and the costliness 
of the refined methods for blood serum analysis, it 
may be some time before this method is employed by 
this laboratory.

The results of these two assays, pigeon crop 
sac method and cytological method, do not permit 
one to conclude whether high levels of pituitary 
prolactin should be interpreted as representing 
high levels of prolactin release into the circula
tion, or whether prolactin is released during the 
time that the pituitary levels are falling. However, 
it would appear that large reductions in pituitary 
content of prolactin after peaks, when coupled with 
high acidophil cell numbers for the same stage, 
should imply some release of prolactin into the blood 
circulation during that time (Meier, Burns, and 
Dusseau, 1969).



RESULTS
Results have been broken down Into three cate

gories: Bio-assay data, cytological data and changes
in ovary and oviduct weights and follicle size.
I. Bioassay Method Results.

Pituitary prolactin concentration expressed as 
micrograms per milligram of dried pituitary weight 
for each successive stage in the reproductive cycle 
can be seen in Table 1. When the birds first return 
in the early spring from their southern wintering 
grounds, a small amount of prolactin is contained 
in the pituitary of the female Redwing. In inter
preting prolactin concentration it is important to 
point out that a concentration of 0.1 yg of exogenous 
prolactin is sufficient to cause a 20% weight increase 
in crop sac mucosal epithelium of the pigeon.

Prolactin concentration of the pituitary steadily 
increases with advancement in the reproductive cycle, 
reaching a sustained high at the end of the egg 
laying period and the onset of incubation. For clari
fication, incubation actually begins when the first 
egg is laid, but for the sake of convenience, incuba
tion is said to start at the termination of egg 
laying. A steady drop in prolactin concentration
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of the pituitary after day 3 incubation through the 
days corresponding to normal incubation can be seen, 
reaching a low point at days 10-12. The normal in
cubation period is 11 days for the Redwing.

Pituitary prolactin concentration during extended 
incubation (days 13-18) declines to a low point com
parable to spring arrival. Birds in day 22 of in
cubation must be treated as a separate category, 
since they were collected in early August and their 
gonads were small. It is probable that these birds 
would not have renested.
II. Cytological Results.

The particular means of expressing acidophil 
activity was employed due to the many different 
types of sections obtained in the sectioning process. 
Ideally, cells should have been counted from one 
end of the caudal lobe to the other in 3-4 sections 
with acidophil numbers expressed as a total number 
of cells counted. However, due to the extremely 
small size of the bird pituitary, it is difficult 
to manipulate the tissue so that the desired sagittal 
section can be obtained.

Dark staining acidophil cell numbers rise 
steadily from the spring arrival stage to a peak
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at stage 4-6 of incubation (Table 2). This peak in 
acidophil activity corresponds to the peak in incub
ation constancy (Figure 3). Acetone dried weight 
of the pituitary also increases from the spring 
arrival stage to the onset of incubation. During 
normal and extended incubation, pituitary weight 
remains fairly constant at this increased weight. 
Acidophil numbers level off for the duration of the 
normal incubation period, corresponding to the 
leveling off in incubation constancy for the same 
stages. At days 13-15 of extended incubation there 
is a sharp decline in acidophil cell numbers and 
incubation constancy. This decline continues steadily 
to days 19-21. This stage represents the lowest 
point in incubation constancy since days 1-2 of egg 
laying. Acidophil cell number percentage is the 
lowest since the initiation of actual incubation 
(after the first egg laid).

Correlation between acidophil cell numbers and 
incubation constancy can be seen in Figure 4. The 
curve was divided into two parts, the first cor
responding to the period from days 1-2 egg laying 
to days 4-6 incubation. This period shows a steady 
increase in incubation and acidophil cell numbers,
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peaking at days 4-6 of incubation. The second half 
of the curve (Figure 5) represents a steady decrease 
in acidophil cell numbers and incubation constancy. 
Correlation coefficients for each of these curves are 
fairly high (Figure 4 - 0.722; Figure 5 - 0.799), 
indicating a direct relationship between these two 
measured variables.

Correlation between acidophil cell numbers and 
concentration of prolactin for each stage of the 
reproductive cycle can be seen in Figures 6 and 7. 
Again, the curve was broken into two parts. The 
first half of the curve (Figure 6) represents the 
rise in prolactin content in the pituitary, from the 
spring arrival stage to days 1-3 incubation, accom
panied with a rise in acidophil cell activity. The 
second part of the curve (Figure 7) corresponds to 
the reduction in pituitary prolactin content (which 
possibly can be attributed to increased secretion 
rates) compared to the leveling off of acidophil 
cell numbers in the normal incubation interval.
Figure 7 represents the interval of days 4-18 of 
incubation. In extended incubation (on the same 
curve), pituitary prolactin content further decreases 
along with an appreciable decrease in acidophil cell
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numbers. Again, the data of day 22 have not been 
computed with the other values as the results in 
the bioassay are from two females which probably 
would not have renested as it is probable they were 
at the end of their breeding season. Correlation 
coefficients were computed for each of the curves 
(Figure 6 - 0.372; Figure 7 - 0.610).

As the reproductive cycle lengthens, the staining 
affinity of the acidophils greatly increases. The 
nuclei become larger with the cytoplasmic granules 
more distinct and staining a darker red. The most 
intensely staining acidophils are present in the 
period of mid-incubation, days 4-6. Mid-incubation 
here refers to the middle of the normal incubation 
interval for the Redwing. As the production of 
prolactin increases, it is probable that the prolactin 
secretory cell becomes more efficient. This increase 
in production and secretion alters the pH of the 
secretory cell, resulting in a change in the staining 
properties.

Pituitaries seemingly become more vascular with 
acidophils often bordering on the blood sinuses as 
acidophil cell numbers reach a peak. Acidophils 
appear more prevalent at the periphery of the
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pituitary in many females, especially in those birds 
with a small acidophil cell percentage.

A distinct division between the caudal and 
cephalic lobes can be seen easily, especially in 
those females showing high acidophil activity. 
Reference is made to the picture for the charac
teristic appearance of the dark staining acidophil 
in the caudal lobe.
III. Ovary and Oviduct Weights and Follicle Size.

Data for ovary and oviduct weights have been 
normalized for variance in total body weight of 
the female Redwing. These organ to body weight 
ratios can be seen in Figure 2. Mean size of the 
four largest ovarian follicles to the nearest 0.1 mm 
can also be seen in Figure 2.

There is a steady increase in ovary and oviduct 
weights and follicle size from the spring arrival 
stage to the end of egg laying. Ovary weight, as 
expected, follows changes in follicle size. Ovary 
weight and follicle size reach a peak at the complete 
nest stage and days 1-2 egg laying. Ovary weight 
and follicle size decrease after days 1-2 egg laying, 
resulting from the shedding of the mature follicles 
as egg laying proceeds.
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Oviduct weight reaches a peak at days 3-4 egg 
laying, while estrogen levels probably are high. 
Termination of egg laying and onset of incubation 
bring sharp decreases in all three measured vari
ables, ovary and oviduct weight and follicle size, 
which continues through normal incubation. During 
this period, it is probable that FSH secretion is 
being inhibited by prolactin secretion, resulting 
in the weight and size decrease of the gonads.

At the beginning of extended incubation, days 
13-15 , ovarian weights and follicle size increase 
but not to the degree of the increase in oviduct 
weight for this same interval. The increase con
tinues throughout extended incubation, reaching a
peak at days 19-21.



DISCUSSION
Prolactin has been thought to control incubation 

in some birds because it sometimes facilitates such 
responses. There is evidence of a high rate of pro
lactin secretion throughout incubation (Eisner, 1960).

Secretory rates of prolactin in the Redwinged 
Blackbird during incubation have not been reported. 
Previous note of high pituitary prolactin content in 
the Redwing female during incubation was observed 
by Hühn (1962). The present investigation shows 
changes in the pituitary prolactin content of the 
Redwing female throughout the reproductive cycle. 
Secretory rates of prolactin for this study can only 
be inferred. This was possible by evaluating the 
changes in target tissue response to prolactin (see 
Justification of Methods).

When the birds return to their breeding grounds 
in the spring, a small amount of prolactin content 
and acidophil activity is measurable. This spring 
pituitary content of prolactin is interpreted as 
production and storage of prolactin rather than 
secretion. Production and storage, indicated by 
acidophil activity and pituitary prolactin content, 
increase reaching a sustained high level at the end
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of egg laying and beginning of incubation. Accepting 
the methods employed, the target tissues do not 
reflect any appreciable secretion of prolactin by 
the pituitary during this period of increased pro
lactin production. It is possible (but not detect
able by the methods employed) that prolactin levels 
of the pituitary prior to incubation do not merely 
reflect storage values, but also secretion rates. 
Prolactin may be secreted at this time, but the 
target tissues are not responsive to the hormone.
It is probable however, that the rising estrogen 
levels from the growing ovary prior to termination 
of egg laying inhibit prolactin secretion (Meites 
and Turner, 1948). The extent to which prolactin 
is secreted during the reproductive cycle in the 
Redwing will have to remain speculative until blood 
serum levels are tested.

Prolactin is known to be instrumental in the 
production and maintenance of the brood patch in 
many birds (Bailey, 1952). If prolactin-brood 
patch relationships are the same in the Redwing 
as in many birds, then the Redwing brood patch not 
becoming fully defeathered and developed until early 
incubation (Holcomb, unpub.) would suggest that
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prolactin secretion is not appreciable until actual 
incubation begins (after egg laying).

What factors are responsible for prolactin 
release at the beginning of incubation? Nicoll and 
Meites (1962 , 1963) reported in their in. vitro 
studies on rat pituitaries that prolactin secretion 
by the anterior pituitary can be stimulated in the 
absence of any hypothalamic or neurohypophyseal 
control. Estrogen or thyroid hormones acting directly 
on adenohypophyseal cells induced prolactin pro
duction. Possibly, some sort of modification of 
this mechanism exists in the Redwing. Prolactin 
secretion from the pituitary might be triggered at 
the end of egg laying from the changes in estrogen 
and/or progesterone levels. Prolactin secretion 
in turn may inhibit FSH release and indirectly stop 
egg laying (Eisner, 1958). Prolactin production 
and secretion seem to increase at the beginning of 
incubation and the period of mid-incubation (days 4-6). 
Acidophil activity is maximum at mid-incubation with 
pituitary prolactin content declining; acidophil cell 
numbers do not reflect prolactin secretory rates, 
merely production or storage. Ovary, oviduct and 
follicle size are on the decline at this stage.
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The antigonadal effect of prolactin has been shown 
in many birds, and may exist in the Redwing (for a 
review see Lehrman, 1961).

Corresponding to the high production of pro
lactin (determined by the high acidophil activity 
during mid-incubation) is a peak in incubation 
constancy. Throughout the remainder of normal in
cubation, prolactin secretion appears to remain 
high. During this period, pituitary prolactin 
content declines steadily to a low point at days 
10-12 of incubation with the gonads continuing to 
atrophy; these changes reflect an intensive secretion 
of prolactin. Acidophil cell numbers remain high 
during this entire interval, continuing to produce 
prolactin at a high rate.

When extended incubation begins, there is a 
decline in incubation constancy, acidophil cell 
numbers and pituitary prolactin content. The ovaries, 
follicles and oviduct show an increase in weight.
At this point, pituitary prolactin levels are low, 
but probably not due to intensive secretion. Acido
phil cell numbers show a decrease in production of 
prolactin. The decrease in prolactin secretion is 
reflected by the change in the gonads. During this
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extended incubation interval, the gonads increase, 
reflecting an increase in FSH secretion. Prolactin 
is either not present in sufficient amounts to in
hibit FSH release and/or action, or the target tissues 
are no longer responsive to prolactin influence.
The brood patch at this time is on the decline, with 
edema disappearing (Holcomb, unpub.). The brood 
patch may be regressing due to insufficient circu
lating amounts of prolactin. Estrogen and proges
terone from the growing ovary and oviduct must be 
increasing. Incubation constancy for this interval 
declines to the lowest point at days 19-21 since 
days 1-2 of egg laying.

The decline in pituitary prolactin production, 
content, and secretion; rise in FSH, estrogen and 
progesterone levels; and deteriorating of the brood 
patch, could be a possible internal mechanism sig
naling the female Redwing to abandon infertile 
eggs and renest. Holcomb (1970) reported that 
Redwings will incubate artificial eggs for a mean of 
19.4 days or 7.4 days beyond normal incubation.
Eisner (1969) reported the effects of exogenous pro
lactin, progesterone and estrogen injections during 
extended incubation in the female Bengalese Finch
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(Lonchura striata). She found: 1) prolactin-treated
females behaved no differently than uninjected con
trols in extended incubation; 2) progesterone-injected 
females extended incubation for a shorter period than 
controls; and 3) estrogen treated females signifi
cantly increased the length of extended incubation. 
Eisner suggested that estrogen treatments induced 
a new phase of prolactin secretion which then main
tained incubation for a longer period of time. Eisner's 
results raise the possibility that exogenous estrogen 
had a negative feed-back effect on FSH which caused 
ovaries and follicles to remain small for a longer 
period of time. This small amount of estrogen might 
continue to effect more prolactin release from the 
pituitary for an extended period of time. This 
mechanism may be effective in increasing incubation 
with injections of only small amounts of estrogen.
Large amounts of endogenous estrogen, such as those 
possibly produced in the Redwing female during ex
tended incubation, may be inhibitory to prolactin 
production and release. Meites and Turner (1948) 
reported in their studies on rat pituitari.es that 
small physiological amounts of estrogen stimulated 
prolactin production, while large amounts of estrogen
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proved inhibitory to prolactin production.
From the results of this study, it is apparent 

that there is a real relationship between the es
timated amount of prolactin secreted and the degree 
of incubation. Peak production of prolactin during 
mid-incubation, accompanied with presumed intensive 
prolactin secretion, correspond to peak incubation 
constancy. During the period of maximum production 
and secretion of prolactin, (normal incubation) 
incubation constancy remains high. Throughout ex
tended incubation, prolactin production and presumed 
secretion decrease steadily. This cut-back in pro
lactin production and secretion is accompanied by a 
steady decrease in incubation. Correlation between 
acidophil activity and incubation constancy is high.
A correlation between prolactin production and con
tent (acidophil activity versus pituitary prolactin 
content) is not as high as expected. This low cor
relation is understandable, since acidophil activity 
monitors prolactin production, while pituitary pro
lactin content can either represent storage or re
sidual amounts of hormone after intensive secretion. 
To obtain the desired high correlation, measured cir
culating blood levels of prolactin would have to be
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plotted against incubation constancy.
Though the results of this study show prolactin 

playing a major role in controlling incubation be
havior, the extent to which prolactin alone affects 
incubation is not clear. It is possible that pro
lactin acts synergistically with other hormones, 
such as progesterone, to bring about the incubation 
response and atrophy of the gonads in the Redwing. 
Jones (1969) reported that effects most often at
tributed to injections of exogenous prolactin, were 
dependent on progesterone injections in the California 
Quail (Lophortyx californicus). He found that pro
lactin interrupted but did not halt egg laying, with 
no apparent effect on ovary and oviduct weights and 
follicle size. Progesterone injections stopped egg 
laying and decreased the size and weight of the 
gonads. The evidence of Jones together with the 
evidence of Lehrman and Brody (1961) (who found that 
progesterone controlled incubation in the Ring Dove) 
indicate that endogenous control of incubation be
havior may be species-specific. This raises the 
possibility that coupled with the rise in pituitary 
prolactin levels during incubation, there may be an 
accompanying secretion in progesterone and/or other



hormones. The secretion of these other hormones 
either induces the production of prolactin or augments 
its effect (Eisner, 1960). Caution is needed in at
tributing progesterone to controlling or augmenting 
the incubation response synergistically with prolactin. 
Just as there is evidence that progesterone controls 
incubation in Ring Doves (Lehrman and Brody, 1961) 
and is antigonadal in the California Quail (Jones, 
1969), evidence exists that progesterone is prolactin 
inhibitory in some species. Eisner (1969) found 
that progesterone injections at high levels caused 
a shortening of prolonged incubation in the Bengalese 
Finch. Erickson e_t a_l. (1967) working with the Ring 
Dove and Moltz e_t a_l. (1969) in studies with rats 
suggested that progesterone in the blood acts as an 
"insulating effect" preventing portions of the brain 
known to control maternal behavior from concentrating 
prolactin.

Collection of specimens for this study was done 
during the same morning hours each day. The possi
bility of collecting birds with a variety of phases 
in rhythm of prolactin pituitary content was minimized 
by this procedure. The interval of collection ex
tended from early April to late July. Two females
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were collected in early August. It is important to 
consider the possibility of differences in secretory 
rhythms of prolactin for the female Redwings col
lected in early April, compared to females collected 
in late July. Daily variations of prolactin content 
in the pituitary have been found in the White- 
throated Sparrow (Zonotrichia albicollis) (Meier et 
al. , 1969) , hamster (Kent e_t a_l. , 1964) , and the 
mouse (Clark and Baker, 1964). Meier ejt â l. (1969) 
reported that peak storage values of prolactin in 
the White-throated Sparrow, shift from the rhythm 
phase found in May to a second rhythm phase in 
August. Endogenous prolactin is released during 
the afternoon in birds in the spring migratory con
dition and during the latter half of the night in 
birds in the summer photorefractory condition. 
Injections of exogenous prolactin were reported 
to elicit different physiological responses in the 
two groups. The daily and seasonal variation in the 
phase of the rhythm of pituitary prolactin content 
in the Redwing Blackbird is not known. It must be 
assumed however, that the phase of the rhythm does 
not remain static during the entire breeding season; 
pituitary prolactin is not an immutable phenomenon



but a periodic function with a daily and seasonal 
rhythm phase controlled, in part, by environmental 
conditions.

Why then, if the preceeding evidence for shifts 
in the rhythm phase of prolactin content of the 
pituitary holds true for the Redwing, is a single 
point for collection justified in this investigation? 
First of all, the daily rhythm of pituitary prolactin 
content is not known for this species. The measuring 
of pituitary prolactin content throughout the day 
would constitute a thesis in itself. Secondly, the 
seasonal variation would constitute another problem. 
Ideally, all females should have been collected 
during the same part of the breeding season, in this 
case April, May and early June. All females should 
have been collected in the process of building and 
incubating their first nest. This was physically 
impossible, since this study was done on the bird in 
the wild state, and no information was available 
to determine how many times the females had nested. 
The number of specimens needed was critical, and the 
difficulty in collecting females in extended in
cubation made it necessary to continue collection
into early August.
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Even with the variance that may have entered 
into the prolactin content of the pituitary, this 
study remains the most detailed and comprehensive 
investigation of pituitary prolactin content in the 
Redwinged Blackbird or any other passerine thus far. 
Follow-up studies should investigate the daily and 
seasonal shifts in the phase of rhythms in pituitary 
prolactin content for this species. Most importantly, 
prolactin and other hormone levels of the blood should 
be measured, enabling an accurate interpretation of 
pituitary prolactin content.

The effects of injections of exogenous prolactin 
into the Redwinged Blackbird have not been reported. 
Direct effects of prolactin on incubation behavior 
are thus impossible to measure. It is unlikely that 
this will occur, because of the space required for 
nesting Redwings (marshy areas). These birds are 
also territorial, with many females forming strong 
pair bonds with a single male. Moreover, these birds 
cannot be domesticated like the Ring Dove and fowl, 
so that environmentally controlled studies can be 
conducted (Nero, 1955a,b).

The present investigation does not suggest that 
prolactin actually initiates incubation (although it
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may), but rather that prolactin sustains the incu
bation response. Initiation of incubation is probably 
under the control of a combination of environmental 
and physiological conditions arising during egg 
laying. These conditions could be: 1) the sensi
tivity of the brood patch to the nest and accumu
lating eggs of the clutch; 2) peak levels of estrogen 
and progesterone and/or their subsequent decline 
from the developed ovary and oviduct; and 3) the 
stimulation of prolactin secretion inhibiting FSH 
secretion and/or action, thus terminating egg laying.



SUMMARY
Prolactin content of the anterior pituitary of 

pre-breeding, breeding, and post-breeding female 
Redwinged Blackbirds was measured by a bio-assay 
method and a cytological method. Secretory activity 
of prolactin by the pituitary was monitored by 
observing the sequential changes in the target 
tissues (ovary and brood patch). Fluctuations in 
prolactin storage and secretion were interpreted to 
have a direct effect on the incubation response.

When the Redwing females first return in early 
spring, a small amount of prolactin content and 
acidophil activity is measurable. As the birds pass 
through the reproductive cycle, prolactin concen
tration, acidophil activity and incubation constancy 
steadily increase, reaching a peak between days 1-6 
of incubation. Secretion of prolactin is apparently 
not appreciable until after egg laying. At this 
point, the gonads exhibit the characteristic anti- 
gonadal response often attributed to prolactin. 
Atrophy of the gonads continues until extended in
cubation (days 13-21). Beginning with extended 
incubation, ovary, oviduct, and follicle size in
crease. FSH secretion must be high at this time,
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with a decrease in prolactin secretion. Prolactin 
concentration, and acidophil cell activity decrease 
during this extended incubation interval. Incuba
tion constancy is also on the decline throughout this 
period .

Changes in pituitary prolactin content, acidophil 
activity, and changes in the gonads all reflect a 
common trend that is known to accompany incubation 
behavior in some birds. Based on these results, one 
may conclude that prolactin plays an integral part 
in controlling and sustaining incubation behavior 
in the Redwinged Blackbird.
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TABLE 1. BIOASSAY RESULTS 
% Increase Avg. Wt.
in Wt. of (mg) Jig yg
Expt. over Dried Prolactin Prolactin 

Stage____________ Cont.______ Pit ._____ Pit._______ mg .

Spring (6) + 33 0.15 0.01 0.099
Ar r ival
Paired (6) 177 0.17 0.24 1.50
Nest Bldg. (3) 724 0.35 1.09 3.10
Comp. Nest (3) 264 0.30 0.37 1.24
Egg laying

Day 1-2 (3) 279 0.33 0.40 1.20
Day 3-4 (2) 432 0.37 0.95 2.57

Incubation
Day 1-3 (6) 451 0.32 0.66 2.01

4-6 (3) 291 0.30 0.42 1.39
7-9 (6) 364 0.35 0.53 1.50

10-12 (3) 131 0.38 0.17 0.44
13-15 (3) 254 0.36 0.35 0.97
16-18 (3) 111 0.38 0.14 0.36
22* (2) 171 0.30 0.34 1.15

* The birds were shot in August and probably would not
have nested again.

+ Parentheses enclose the total number of pituitaries 
assayed for each stage.

«
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TABLE 2. CYTOLOGICAL ASSAY RESULTS

No . of
Stage__________ Females Acidophils Others % Acidophils

Spring Arrival 5 421 4621 8.34
Paired 5 527 4536 10.40
Nest Bldg. 6 788 4301 15.48
Comp. Nest 4 1087 2951 26.91
Egg Laying 
Day 1-2 5 1424 3620 28.23
Day 3-4 5 1784 3266 35.38

Incubation 
Day 1-3 4 1600 2434 39.66

4-6 7 4046 3091 56.69
7-9 4 1844 2225 45.31

10-12 6 2714 3308 45.06
13-15* 5 1459 3574 28.98
16-18* 4 931 3092 23.14
19-21* 4 999 3061 24.60

* Extended incubation.





Figure 1. Dose response curve. Percent 
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Figure 2. Ovary and oviduct weight corrected for 
total body weight, and follicle size are shown for 
various intervals of the reproductive cycle.
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Figure 3. Incubation constancy and acidophil cell 
number percentages are shown at various intervals of 
the reproductive cycle.
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Figure 4. The regression line for the curve of 
acidophil cell numbers (percentage) versus incubation 
constancy is shown in Figure 4. The graph covers 
the interval from day 1 egg laying to days 4-6 
incubation (correlation coefficient 0.772).
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Figure 5. The regression line for the curve of 
acidophil cell numbers (percentage) versus incubation 
constancy is shown in Figure 5. The graph covers 
the interval from days 7-9 to 19-21 of incubation 
(correlation coefficient, 0.799).
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Figure 6. The regression line for the curve of 
acidophil cell numbers (percentage) versus prolactin 
concentration (micro-grams) is shown in Figure 6.
The graph covers the interval from the spring arrival 
stage to days 1-3 incubation (correlation coefficient, 
0.372) .
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Figure 7. The regression line for the curve of 
acidophil cell numbers (percentage) versus prolactin 
concentration (micro-grams) is shown in Figure 7.
The graph covers the interval from days 4-6 to 16-18 
of incubation (correlation coefficient, 0.610).
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APPENDIX
Picture showing typical dark staining acidophils 

(arrows). This section is from a female Redwing at 
day 3 of incubation; viewed under oil immersion at 
1000 magnification.
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