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OBSERVATIONS ON THE LFFECT OF ENVIRONMENTAL TEMPERATURE ON
BODY TEMPERATURE, GROWTH, AND wEIGHT OF THE SPLEEN, COMB AND ENDOCRINE
GLANDS OF CHICKEES,
Part I, Thyroid Weight and Funetion As Influenced
by Environmental Tewperature.
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correlation to othera, the question might be raised whether any
relationship exists at all. Data recently obtained as & result of a
study of the effeots of environmental tempersturs on the endocrine
glands may serve to clarify this guestion.

In these experiments, seven to ten wesk-old Hew Hampshire
cooker¢ls were kept at environmental temperatures of hSQ or 8o° F.
Thyroid function at sach temperaturs was messursd by one or more of
the following techniques: l. "resting® setabtwlism was determined; 2.
a biological assay of thyroxin seurstion rate was made on the birds!
contemporarieas or 3. height of the epithelial ¢ells of the thyroid
was measured with a screw micrometer following seetion of the f{ixed
glands. At the end of the experimental period, usually three weeks,
the birds were sacrificed and their thyroids weighed o provide
information on the possible relatlonship between thyroid weight and
funation.

3.



k.

Review of the Literature

Although Barelli (1932) concluded that, in contrast to that
of mammals, the thyroid of birds does not act in head regulation and
Iee and Lee (1937) found that thyreidectomised geese adapted to a
sold environment, it is generally acoepbted that the thyroid plays an
important role in regulating the metabolic processes, When the ¢hick
is subjected to 2 cold environment, it responds by increasing oxygen
consumption {Kleiber and Dougherty, 173h, end Winchester and Xlaiber,
1938). In other species (Miller, 1939), this response is sssociated
with histological evidenoce of inoressed thyroid activity and it is
assumed that the chick's metabolic response is mediated through the
thyroid,

Winchester (1940) desonstrated a seasomal variation in heat
production of the fowl with the high point ocourring in February or
March and the low point in the late summer. At the time of the greatsst
heat production, the thyrotropie hormone content of the hen's pituitary
was alge maximum, This lmplies that the thyroid gland through the
secretion of thyroxine has a direct effect on heat production, espe-
eislly sinoe ¥iller (1938) has previcusly demonstrated that exogenous
thyratrople stimuletion of the thyroid inoresses the metabolic rate
of the sparrow. korgover, leblond, Groes, Peavock, and Evans (15hh),
and Schachner, Gierlach, and Xrebs (1949) have shown an increase in
fixation of radicactlve iodine by the thyrolds of rats exposed to
low temperatures, The work of Macbeth and Noble (1949) supplies
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6.

by histologleal evidencs of high epithelium and small follicles,
osours in winter and 1s associated with a high basal metabollc rate.
Cruickehank (1929) observed that the fowl's thyroid is 3% pere
cent smaller from April to July than from January to ¥arsh and that
the iodine content of the gland tends to vary directly with seasonal
variations in weight, Podhradsky (1933) and Galpin (1938) further
confirmed these geasonal varistions in thyroid waight of the chicken.,

A definitive experiment demonstrating the calorigenic action
of the thyroid was performed by Dempssy and Astwood (1943)., By means
of an ingenious technigue which permits an estimaile of the apparent
seeretion rate of the gland, they showed thait rats held at an environe
mental temperature of 35° C, sscreted the equivalent of 1.7 gamma
thyroxin per day as compared with 5,2 gamma for rats held at reom
temperature and 9.5 gamma for rats held at 1° ¢,

It may be concluded fyrom this evidence that the thyroid is
& major factor in regulating heat production and that the functional
activity of ths gland is greatest during perlods of lntreased heat
production. Also, the heavier thyroid glands observed in periods of
known increased function {wintertime) sugpest a direct relationship
between activity of the gland and its welght,

Somwe investigators, however, do not agrese with thls concept,
Galpin (1938) interpreted her data as an indication of thyroid rfunction
being inversely related to its mass, and both Podhredsky (1933) and
Elterich (1936), from studies on the pigeon, also postulated an in-



verse relationship between sesrsiory activity and weight of the gland.
Although Riddle has postulated a positive relationship between thyroid
weight and funetion; he developed by selection races of doves characw
terised by light thyroids which apparently had higher metabelic rates
than races with heavy thyroids (Riddle, 1947). Stockard and Vieari
(1941) studied the comparative amount of thyroid tissus in several
reeds of dogs. They concluded that "the gross proportional smount
of thyroid is not an laoportant factor §_ determining either degree
or quality of thyroid funedtion.® Apparently only one study has been
reported iu which chickens were maintained in controlled warm aend cool
environments. Alles and Lutherman (140) beld pullets at 6% C. and
21° to 24,5° C, for approximately nine weeks and found that thyroid
weight was not affected by the treatment.

Because of these conflicting viewpoints, it appsarved desire
able to present further data on the relationship betwean thyroid
walght and function,

7.



B.

Experimental
Data were oblained on New Hampshire suekerels, from seven

to eleven weaks of sge, held in either a cocl or a warm environment.
The cool environment was provided by & "walkein® type r&frigaraw;-
operated at approximately LS® F. with a relative humidity of 70 percent.
The wara environment was furnished by a windowless room heated by
steam. Thermostatiocally controlled slectric heaters were used to
facilitate a wmore precise regulation but the tewperature of this room
was somewhat variable, ranging from Th® to 88° ¥,, with a mean of 80° F,
Relative humidity of the warm environment was approximately ki percent,

The birde were kept in a conventional broileregrowing bate
tery equipped with wire screen floors. The Maryland Experiwment Station
all-purpose wash and fresh water were kept before the birds at all times.
iights were on contdruously.

In trial 1, L8 seven-week-old cockersls were divided into
two lots of 2 each accarding to body weight. One lot was placed in
the oool environment and the other was placed in the warm envirommsnt,
At the end of three weels, one-half of the birds in each lot was sacri~
ficed by desangulination, the thyrcids dissected out, and the weight of
the paired thyroids from esch bird estimated to 0,1 wg. on a Rollerw
8mith balance. The remeining birds of each group were exanined one
woek later. Immediately after weighing, the glands were fixed in 10
persent neutralized formalin, embedded in paraffin, sectioned at § microns
and stained with hemotoxylin and eosin. ‘Yicrosvopls examination of the



9

slides was mede according to the method of Raweon and Starr (1938) as
modified w Dvoskin {1947).  The former made an extensive review of the
possible methods of evaluating thyroid activity in an effort to develop
an objective assay of the thyrotropie principle and concluded that obi-
thelial cell helight was the most satisfaclory measure of thyreid aetivity.
In Dvoskin's modification, a sorew micrometer is used to Getermine the
height of a distinetly outlined cell in each of 25 sucvessive cross
sections of follioles through the mid-portion of the gland, A large
nusber of observations i3 necessary beeguse of the variastion in cell
height found within each gland. 5

On the day prior to the sacrifice of the birds, they were
fasted for 14 hours and their resting metsbolism determined in the
closed~cirenit respiratory apparatus shown in Figure 1. lHetabolism
tests were made during the daylight hours for a period of 30 minutes.
Oxygen consumption was calenlated from the most regular portion of
the graph in the final 10 minuies of the determination and was expressed
in cubic centimeters of oxygen per hour per kilogram of body weight,
Birds from the warm and cool environments were run alternately to
equalize length of the fasting period, Temperature within the chamber
ranged from 2 to 26° ¢ which is within the gone of thermal neutrality
for the chicken (Barott amnd Pringle, 1941).

The estimate of the ampunt of thyroxin secrsted by birds
held at the different snvironmental temperatures was obtained by the
mothod developed by Dempsey and Astwood (1343) and later applied to
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Results and Diseussion

48 shown in Table 1, birde kept at differsnt environmental
temperatures for three or four weeks had gignificantly different
metabolic rates. OSince birds held ab the lower temperature had
heavier thyroids as well as higher oxygen consumption, this iz evi-
dence of a positive correlation betwsen thyreid welght and function.
Sloresver, microscople messurement of the thyroid secretory epithelium
revesled thad acinar cell helght was significantly higher in the birds
with the higher metabolie rate. Hean eell height of thyrolds from
birds kept in the cool environment was S.44 + .1k wicrons as compared
with 3,45 1+ .09 microns for the thyroids of birds kept in the warm
environment. In subseguent trials at 45° and B0° ¥.y mean thyroid
weight was congistently heavier in birds kept in the cosl environment
but these data are omitted for the sake of brevity. It is of interest
o note, however, that in no cese was the difference statistically
significant.

The wost definitive index of thyrold activity used in these
studies was the determination of tﬁyrmx&n secretion rate by the
thiouracil-thyroxin vechnique. These date are plotted in Fipure 2.
It will be noted that the thyroxin secretion rate was 15 gamas per
bird per duy for ihe birds kept in the cool environment and Qo8 pavma
per tird per day for the birds kept in the warm suvironment. At the
slightly waraer and cooler temperatures used for this test, a greater

difference was obtained in mean thyroid weight. The difference in

13



1.

Table 1. The effect of warm or cool environment on the
thyroid weight and basal wetabolism of Hew Hampshire

cookerels seven weeks old

Trial 1 (Beginning 10/23/L8)

Thyroid Metabolic rate,
Treatment Yo. birds weight, 1 ec. of Upfkg.
WIS e per houy
us® F. for three weeks 12 87.2 £ 6.7 1720 £ 77w
80° F. for three weoks 12 71l + L8 WST + i1
4% F. for four weeks 10 108.8 + 8.4 154k + L3wn
80° P, for four wesks 12 88.8 t 6.2 12k + 38

#¢ Highly significant differsnce in metabolic rate between birds held

at L5° and 80° 7.
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Figure 3* Fhoiomlurographs of thyroids from birds held at different
environmental temperatures* In contrast to the results obtained when
temperatures of 1*3® and 60° F were used, differences in epithelial cell
height and in siae of the vesicles were readily diseeroabla when the
Hcool temperature was reduced to 3® F and the "warm® temperature was
increased to 90° F* Photos A and. 8 are of a thyroid section obtained
from a bird held in the ‘wamm*l environment* Photos C and P are of a
thyroid section obtained from a bird held in the wcooln environment*

A and C X 100 and B and 0 X 625*
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amount of ecolloid present and in epithelial cel) height wasz apparent
upon a casual inspection of the sections of the sections made from these
glands (Pigure 1), Yoreover, thyroid enlargement following thiouracil
feeding was more marked in birds held in the cool environmment. This
refleats the increased stimilation of the thyrnid which ceours in

coel envirpnments as a result of inereased secretion of thyrotropin

by the pituitary and is 4in itself a messure of thyroid activiiy.

These data are s followse

Bavironmental temperature

fonl Harm
Mean absolute thyroid weight of
untreated control birds, mgs, 59.6 1 3.7 3.2 1 9.6
¥ean absolute thyroid weight of birds
fed 0.1 percent thiourscil, mps. 176.3+ 21.8 105.6 + 26.4

Unilateral thyroldectomy resulied in & compensatory hypers
trophy of the remsining gland, These data are as follows:

Enviromeental temperature

Cool Hars
Yean absolate thyroid weight of unie _
iaterally thyroidectomized birds, mgs. 9.9 1 8.1 5.2+ 7.8
¥ean absolute paired thyroid weight of
intast control birds, mgs. B6uh + 1148 5146 £ 6.5

After thres waeks' exposure to the experimental tompers-
tures, the remaining thyrold gland of unilaterally thyrodectomiged
birds weighed approximately the same se the paired thyrolds of une
opsrated birds and the difference in weight due to environmental
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Takle 3., The effect of inocubatlon termperature on the thyroid
weight of chicks

Feroesnt Hatching av. body Ay, thyroid
Teaparature No. chicks hatohae tine, wadght, welght,
bility days gms, BmEs.
102.2° ¥, 38 (hatched) 30 20 WOWBk + W57 2194 .15
o6 80 E 8 (hatched) 6.5 2l L3.25 + 1,028 7.38 1 .O9us
F,
’ ( 9 (pipped)  ___ (25 LSO f J93ms 5,801 .B9ee
1.

Days after setting of the eggs that observations on body and thyrold weight were
made.

# Significantly greater than value for group incubated at the higher temperature
& percent levelss 1 percent level

#% Highly significantly longer than thoss in group incubated at the higher tempera-
ture., Difference bLetween thyroid welghis of chicks that hatched and those that
pipped from the group incubated at the lower temperature is not significant.
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of the ®normal® thyroid weights of chicks. For example, Sheeler and
Hoffmunn (1948a) and NeCartney and Shaffner (1949) reportsd normal
weighte of approximately L to & mgs. for psired thyroida as compared
with 10 mgs. reported by Booker and Sturkie (1949). IV seems possi-
ble that variations such as these may merely reflect differennes in
incubation temperatures.

There were differsnces in the histologlcal appearance of
the thyroids of the chicks hatched at the two temperatures that were
comparable with thoss observed in the thyroids of older birds held
at different environmental tesparatures. The thyroids from chicks
hatched in the "evol" incubstor exhiblted somewhal less &oliaiﬂ and
a cuboidal epithelium, This is somewhat confusing because thyroids
from normal chicks (eggs incubated at 9$9.5° ¥) show little colloid
and, thsrefore, one might expect to obialn a hyperplasiic gland deveid
of collold as a result of lowersd incubation temperature. Instead,
most of the change from the norsal histological pleture wag observed
in the zlands from chicks hatched in the incubator operated at the
higher tezperature., While there was no warked lncrease in collold,
the acinar epithelium was extremely flat which is evidence of reduced
thyrotropic stimulation of the gland. Apparently it is easler to pro-
duce histologicsl evidense of & reductlon in stimulation a8 a result
of increased temperature than evidence of an incressed stimulation as
a result of reduced temperature when elither the developing eubryo or

seven-week-old cockerels are used as experimental saierial.

22.
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thyroid histology has some confusing aspects. Indeed, Hlein (1935)
proposed that the amount of colloid in & non-goitsrous thyroid be used
a8 an assay of thyrotropin. The fact is that there is insufficient
variation in temperature in the temperate gone, under normal condi~
tinns of heusing, to produce warked hyperplasias end hypertrophy in
the active gland, Crulckshank (1929) did not find & seasonsl varie-
tion in the histological structure of the thyroids of laying or none
laying hens. She found that the thyroids of msture birds had large,
solloid-distended vesicles with a flsttened opithelium. We must cone
clude, therefors, with Rawson and Jtarr (1938) that the awount of
colloid is not an objective measure of thyroid function,

The work of Miller (1939) serves to further clarify this
point. 3She made a comprshensive laboratory study of the effect of
envirommental temperature on the thyroid histelogy of the sparrow and
found ¢that drastic changes in temperature were reguired o produce &
marked hyperplasia. Aslthough respense to stimulation varied in dife
ferent birds, appreciable quantitiés of eollold were present in the
glands shen birds were held at moderately cold lemperatures such as
have besn used in the present study. When sparrows were held at tew=
peratures close to 0% F., little or no eollold wae preasnt and the
histologleal picture was remarkably akin to that found nowadays as a
result of thiouraecil treatment. Consequently, one would expect
Podhradsiky and £lterich to find considerable colloid in the thyroids,

since they observed birds at only woderately cold temperatures.

2k,
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It is probable that the tremendous potentlal capasity of the
thyrold to seorede thyroxin 13 not taxed by moderatsly oold lemperatures.
Hence, much sollold can be present in an actively fenchioning gland.
Purthermore, it is notl improbable that colloid storage may De ine
crgased by fluetuation in savironmantsl tesperature caussd by changes
in the weather which would serve to produce irregular periods of stlme
ulation, In any case, it i olser that very low snvivonmental tempore
atures are necassary to complately deplete the colleid and produce a
hyperplastic gland,

Stockard and Yieari's view that “the gross amound of gland
doas noi determine Junction® may be erltieized bocause they Were Cobw
paring dogs of normal and anomalous stature. The achondroplastic
bulldog ecan hardly be sxpected to present & normal relatlonship hetween
thyroid weizht and body weight. IV is also possibles that the inherent
variabiliny of thyroid welght within the lisited nusber of animals obw
served may have tended to ¢bscore a relatisnshlip betwsen thyrold weight
and funection,

Although the present data demdnstrais the positive correls-
tion vetween thyrold weipht and function, & word of cautiom 15 necese
sary in regard o the inclseorisminate uee of thyroid weight @8 an index
of functional activity in the fewl, Thyroide, widoh mumt be ¢onsidered
noraal from a histologicel viewpoint, have an inherently great vards-
bility in weipht {(coefficient of variability was 25 to 30 psreent for

the present datae) aand this may tond Lo obsoure real differences in
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Sumnary

The relationship between thyrold weight and funetion was
studied by subjecting seven-waek-old New Hampshire cockerels to either
& warm or a cool environmemtal temperature for three weeks, Birds
held in the cool temperature had a significantly higher oxygen con-
sumption and heavier thyrolid glands., Thyroxin secretion rate as deter-
mined by the thyroxin-thiouracil technique was 15 gamma per day in the
eool environment and 9.5 gamma per dsy in the warm environwent. Histow
logical sections of the gland revealed that the acinar cells were higher
in the glande from birds maintained in the cool enviroament than from
those in the warm environment. This difference was considerably more
noticeable when the temperatures were 38° and 90° F. than when the temper-
atures were 45° and 80° F.

In birds that had been unilaterally thyroidectomized and
subjected to the experimental temperstures for three weeks, the remaine
ing thyroid underwent compensatory hypertrophy but the difference be-
tween treatments was of the same magnitede as obtained in intact birds.

%hen birds were deplumed and held at room tesperature for
three weeks, oxygen consumption was increased but there was no ine-
erease in thyroid welght.

The thyroid weight of developing eubryos was modified by
varying the incubation temperature. Thyroids of chicks from eggs ine
cubated at 96,87 ¥, welighed 7.38 mge, as compared with 2,19 mps. when

the incubation temperature was 102.2° ¥, The latter glands showed
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Introduciion

In recent years much attention has been given to climatic
gtress as a factor in the economies of livestoek production., Wulie
properly, this has led te a study of the physiolopgical factors involved
in the adaptations of animals to their environments, Moat of this
vork has been done on mammals and can therefore be applied $o birds
only with some diseretion,

Of the climatic factors, environmental temperature is of major
importance., In the homeothermic organiem body temperature must be
maintained within rather narcow limits, as body tewperature 1s increased
or depressed bayond these limlts by drastic change in the snvironmental
temperature, the efficlency of the arganism& function is Lwpaired, until
finally &z breaking point is reached and the animal dies,

It is recognised that a sone of thermal neutrality exists
within which the difference in body and environmental temperature is
compensated for by the heat produced by the resting metabolism of the
animal, The success with ahich an animal can sdapt to changes veyond
the limits of this none depends on its ablllty to conserve and/or

increase heat production when the change is to lower temperatures and

35.

on ite abllity to dissipate heat when the change is to higher temperatures.

Pecause of the insulation of fur, hair, or feathers and the ability to
increase {ood consumption animals are pgenerally more suscessful in

adapting to oold weather than to heot weathsr. BSome profusly swealing
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gpecies; such as man adapt fairly well to hot weather but non-gweatling
gpecies, such as the fowl,whichean dissipate heat only by increased
respiratory activity and dilation of the superficial blood vessels adapt
very poorly. As the eavironmental temperature rises atove the zone of
thermal neutrality, the fowls temperature must soon begin to rise and
death may occur somstime hefore the temperature of the environnent
becsmes as hich as normal body temperature.

Among the reactions to thermal stiress are changes in the
sndocrine systen, the cardio-vasceular systes and the reproductive
gystem, as well as an affect on growth, In the present study observations
were nade on the effect of differences in enviromaentsl temperature on
growth, weight of the endoerine glands and also pn the weight of the
splenn and comb, Birds wers held at h§° Fo which is congiderably below
the zone of thermal nsublrality and at 80° ¥, which is in the vieinity
of the upper limlit of the neutral zone, It will be recognised that these
differences in environmental tewmperature are nol as severe a3 those
imposed by the slimate of the United States. Therefore, these cbservations
should be apnlicable to those changes which oceur as the organism adapts

{tselfl to elimatic fluctuations in temperatura.



Review of the Literature

The influsnce of eavironmental temperature on endocrine gland
and organ weight hae been studied statistically by Crile and Quiring (19L0).
In a comparison of the relative weight of the parts of tropleal snimsls
with those of northern animals it was shown that brain, thyroid, and
heart weight was consistently heavier in the norihsrn anlsais. Adrenal
weloht was heavier in northern rodents but was lighter in northern
carnivors, Yo differsnce was found in the relative adrenal weight of
tropical and northern ungulates. an inference that thess decresses
in sise are associated with a decrease in function has been made by
Hills (1949) who stated, in a recent review, that a warm environment
by lowering the animals metabolism, causes the sdrenals, thyrolds and
sex slands fo be lase active,

An insrease in adrensl and thyroid woight in response o
a cool environment is consistent with the general adaptation syndrome
proposed by Selye{l?L7). In response to stress (cold in this instance)
Selye would sxpect an inorease in production of corticotropic hormone
which would cause the adrenal contex to enmlarge. Selye (17465) desonatrated
that this hypertrophy (and to a lesser degree hyperplasia) is sufliciently
pronounced to be reflected in a warked increase in adrenal cortex
weight beprinning with the alarm phase of the syndrowe and persisting
through the stage of resistance {adaptation). As a corollary to this
reaction, the testis is expected to underge involutisn as & result of

decrsuased production of gonadotropic hormone by the hypophysis. In
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the female this results in anomaliss of the sexual uycle. The thymus
and other lymphatic organs would also be sxpected to become smaller
which could conceivably result in a reduced weight of the spleen,

In gonfirmation of this theory Ustila (1939) ohserved acdrenal
hypertrophy and testicular involution in éatS'hald at 55 ¢ for 7 to
14 days., The adrenals were 2L percent heavier and the testes 3.9
percent lighter than vontrols. Histological examination of the testues
revealed positive evidence of degenerative changes. The testicular
changes did not ovcur in operated rats in which the pituitary stalk
had been seqtioned, hence Uotila coneluded that cold acted az a stirmlus
thru the pitultary stalk and depressed the production of gonadotropie
hormones. Dempsey and Ustila (1PL0O) observad that the estrous perilods
of female rats exposed to cold (2.5°C) for 25 days were prolonged. This
prolonged diestrous intsrval and decreassd number of corpus luiea
manifested by rats held in the cold suggest that the produetion of
follicle-stimulating horusn: 1s roduced by the cold stimclus. On the
other hand, the prolonged zarnificetion seen in the 3ame animal is
evidence of a reduciion in production of the lutelinising hormone,

In this study, Uotila's uriginal findings of adrenal hypertrophy upon
exposure to cold were confirmed. In a subseguent publleation Dempsey
and Searles (1943) could not confirm the effect of cold in depresaing
the luteinizing hormone concentration but amain demonsirated an inerease

in weight of the adrenals,
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Bernstein (1941) wae unable to correlate those histological
changes in the thyroid and adrenal that vary with the season of the year
and changes in environmental tewperature, nly changes in environmental
temperature drastic enough to aller body temperature of the rats were
effeclive in producing morphologicsl changes in the glands., He concluded
that the adrenal is more sensitive to changes in enwironsentsl temperatures
than the thyroid, It is alse worthy of note that Hartman (1946), who
determined the odrensl weights of 143 specles of hirds, did aot discover
any seasonasl veriations between spring and fall,

Allee and Luthernan (1940) have made one of the few studies on
temperazture In which the fowl wes used as the superimental animal.
Pullets wers held at &° © and 217 ~ 24,87 C begimming at 63 days of age,
After 115123 daym® exposure, the birds were sacrificed and various
obaervalions made, There was no difference in weight of the adrenals
and thyrolds. Uwaries and oviducts fendsd bo be heavier in birds
held at the low temperaturas bub ne difference was siatlistically significant.
Sesides a significant difference in length of bones, the heart way
hegvier on both a relative and an ebsolute bagis in pullets hald ab
the low temperaiure,

In an experimental study of ths sfiect of savironmental
temperature on thyroid weight, Hoffmann and Shalfner (1250) found that
growing birds held in a cool eavironmeni bad consloteatly heavier
thyroids than birds held in a wara sovironment end that this inerease in

welight was assoclisted with an increase in function.



Buckner, I,cro and Martin (1932, 1933) reported that chickens
reared in batteries grew larger combs but had smaller testes than
chickens reared on range, They attributed this difference to the
effect of sunlight which apparently increased testes sisze and resduced
comb growth, Doms (1930), and Nikolaiczuk and Maw {(19L2) observed the
same effect. However, Lamoreaux (1943}, who made s carefully controlled
study of the effect of artificial light on comb size and subjected
his data to statistical analysis, found no significant difference in
either comb or teates weight hetween White Leghorn cockerels that had
been subjected to 3.7Y% or 14.25 hours of light daily. In these data
both the aversge weight of comb and testes werc heavier in the birds
subjected to the longer perioed of illumination. It is advisable to
note that the differences observed by the earlier workers were smell,
the number of observations made were limited, and, in one case at least,
{%ckner, Insko and Martin 1932, 1933), the difference in body weight
between groups was too large to give a clear picture of the effect of
the environment on testes or comb size. loreover, temperature was
not controlled in these experimenta,

Lamoreux {1943) demonstrated that environmental temperature
inflnences testes walght and comb size of growing cockerels. White
Leghorn ecnekerels, 32 days of age were exposed to environmental tenperatures
of 95° ¥, and 36° F, for & period of eight weeks, A3 a result, testes

walsht of the birds held in the warm environwent was 100 percent



heavier and comb size, (product of length X height) was 300 percent
greatar,

It has been pointed out that the spleen should decrease in
woeight as a reaction to the general adaption syndrome presumably
becauss the increased production of corticoids by the adrenal cortex
ecauses nuclear pyvknosis and hence dissolution of thymocytes of the
lymphatic system. This effect might be sxpected to be accentuated
when cold is used as the siress pince cold is kmown to produce
anhydremia of the blood, But according to Barbour and Hamilton
(192h, 1925),(Hanilton and Barbour 1925), this increased concentration
iz due o loss of fluld to the akdn and underlying tissues and nuscles
and there is no evidence thal cold drives bloecd aqlls out of the splenic
reservoir. In fact, Hervath (1941) reported that apleen weight
increased in dogs and cats exposed to winter temperatures. (but not
in rabbita).

Any rationaligation of the probable effect of cold on spleen
weight in birds is lmpossible because the function of the spleen 18
apparently unknown. Harmon, Ogden and Cook (1932) and Harman (1936)
demonstrated a splenic reserve of hemoglobin in the fowl Lut
Sturkie (1943) who made a most comprehensive study of the problem
was wnable to confirm their results, It is well nown that aplenectomized

birds (as well as mammals) are a8 viable as their intact contemporaries.
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Experimenial

The sexperimental environwents were provided by & “walk~in®
type refrigerator operated at approximately hﬁo Fo and a windowless
room heated by stsam to a temperature of 50° F. Relative humidity of
the cool environment averaged 70 parcent and, of warm environment,

Ll percent. New Hampshire cockerels, seven~waeks of age were held in
these environments for a period of three weeks except as noted. The
birds were kept in a conventional broiler-growing battery eguipped with
wire screen floors. The ¥aryland Station all-purpose mash and fresh
water were fed ad. lib., 4&rtificial illumination was provided 2l hours
psr day.

In trials 1 and 2, 2L cockerels were divided into two lots
of 12 birds eash aceording te body weight. The expariment wag terminated
at the end of three weeks In trial 1 and at the end of fLour weeks in
trial 2, At the end of the expuriment the birds were weighed and then
sacrificed by desanguination, The pituitary, testes and adrenals were
dissected out and their weight estimated to O.1 mg. on a Rollar«Smith
balance. In some cases it was necessary to weigh the testes on a gram
scale, The comb was cut off close to the head snd weighed.

Immediately after weighing, the testes were fixed in bouins.
The testes wers subsequently embedded in paraffin, sectioned at 5 microns
and stained with hemotoxylin, ¥icroscopic examinstion of the testes

was made to determine the degree of maturation.
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In trisl 3, 24 cockerels were used in each group and the
experimental period was three weeks., Pltultary weights were not obtained
in this trial but instead the spleen was weighed, Morning rectal
temperature was obtained by means of a clinicsl thermometer bieweekly and
on one occasion comb and rectal temperatures were obtained by means
of a thermocouple. The procedure susgested by lLamorsaux and Hutt (1939)
was used, The cliniecal thermometer was inserted into the closca to
a constant depth as indicated by a piece of achesive tape on the
ther=omater, Xinety seconds was sllowed for each determination before
the reading was made. The thermocouple detervdnations of rectal
temperature were subject to grester gtandard errors than thoss made
by means of a clindeal thermometar., They are therefore omitted from
the data. Thermocouple determinations of comb temperaturs wers made
by holding the soldered wires sgalnst the cont and are the scle source
of comb temperature data,

A hiatogram was mede of comb snd testls welightis. Jhen thisg
rovealed that some cther factors were invelved in the elfeect of temperature
on comb weight besides size of the testis, the linear regression
coefficient of testis welight on comb weight was culeulated for birds
held in each experimental enviromsent.

In trial L, 22 %hite Hook cockersls, 1L months of age were
divided by weight and comb ares {Jones and lLanoresux, 1943 have shown
that the product of greateat length times height has the highest co-

efficient of correlation with comb weight of all possible measuremsnts,.)



into two groups of 11 birds sach, Becsuse the size of the birds
precluded the use of the refrigerator, the birds to be subjected to the
o000l environment were placed in a range shelter and the others were
placed in a brooder house which was heated by a ccal brooder stove.
Daily variations in temperature were recordsd by & bygrothermopraph over
the thres wesk period, from Febrpary 28 to March 21, There was
sonsiderable daily varistion in temperature but the mean Lemperature
in the range shelter was 50° F, with a range of 22 to 74° while the
mean temperature in the brooder house was 77° F. with a range of Lb to 1057,
in order to study the modus gperandl of testicular hypertrophy
a3 a response to warm eavironmental temperaturs, twenty five-week=old
Sew Hampshire cochersls were divided into four groups of five birds
each. The birds in two of these groups were subjested to the cool
snvironmental temperatures an birds in the remaining two groups were
subjected to the wara temperature. The birds of one group in each
environment were treated daily with 50 rat unite of gonadotropie
hormanel injected suboutaniously in the loose skin on the right alde
of the neck Jusi anterior to the clavicles., After thres weeks treatment,
the birds were sacrificed and weights obtained of their paired mattles

and testes,

1. A product derived from the serum of pregnant mares wmanufactures

by Cutter lLavoratories, ferkeles, California and sold under the trade
name Conadin, CGonadin resembles very closely the action of the

anterisr pituitary gonadotropie hormones having both folliele siimulating
and luteinizing properties,
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Hattles were used as a weasure of the effect of testicular activity on
the secondary sexual churacters because all birds had been dubbed o
provide data on the effect of dubbing on testleular hypsrirophy. This
aspect of the problem will be reported elsewhere,

A dosage of 50 rat units of pgonadotrophic hormone per birds
por day was used because the 200 unit dosege used by Asmundson and Wolle
(1935) seemed excessive when compared with recommended dosages for
mammals and becanse Shoffmer and Smyth (17Ll) were suocessful in
hastening semen production of sexuvally immature or sexually inactive
%hite Plywouth Rock and White Leghorn cockerels by administering 200
rat units of pregnant mare's serum over a three day perioed. It
therefore seemed probable that a daily dosage of 50 rat units might
more closely approximate the physlologieally correct dosage.

Asmundson and Wolfe (1735) observed a small but definite
increase in tha size of the ovary of {emales as vell as a marked
increase in size of the tesies of males when pregnant mare's serum
was injected into sexually-ismature White lLeghorns, Comb response
wag comparable in both sexes. dince it seemed probable that the
testicular hypertrophy observed in immature male fowl in the present
study was the result of increased production of gonadotrople hormone
by the anterlor pitultary, immature Few iawpshire pullets were also
subjected to the experimental envirommental tewperabtures. Twenbty-
eight six-week-old pulleta were divided at random into twp groups
of 1L birds each and held in either a warm or a cool environsment
for three weeks. The birds were then sacrificed and their combs and

ovaries welighed,



L6,

Results and Discussion

Birde held in the cool environment apparently bLecams readily
adjusted and presented the same appearance as birds held in the warm
envirooment except that their cowmbe were somewhat yellowish in appsarance
anG were coversd by a shite fugs. In contrast, birds held in the warm
ervironment had combs which were bright red and like velwet to the
touch,

dn overall swmmary of the effects of sowlronmental temperature
on body weight, comb welght and welght of certain endoorine glands is
presented in Table 1. Hody weight wae significsnily heovier for birds
held in the warm room but this was true only in trial 3. Failure of
the environmental temperature to affest body welght in triasl 1 and 2
and in subsequent triala lead to the conclusion that body wedight and,
presuasably, rate of gain wers noi alfected by the temperatures of 45 or
80° F.

It will bs noted that pitultary, sdrenal,; and spleen waiphis
were also unaffected by holding birds for three weeks in a cool 03 &
warm environment, Averase walght of the adrenals was consistently
heavisr in those birds kept in the cool emwvironment and this is in
kesping with the results obtained by Uotila (193%) and leapsey and
Totdla (I5L0) in the rat. Failure to obiain significaent differences
in the present study may have been due to ihe inhevenitly veriable nature
of the chicken ap compured with the highly inbred and rather unifors

rate
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Table 2. The effect of different environmental temperatures on comb

and testes weight and on gain in body weight of adult Uhite

Rock breeding males,

H3o. of Birds

Average galn in weighi{lbe.)
Body welght {1lbaw,)

Testes weight {(gms.)

Comb weight (gms.)

Proviromnent

Cool
11
32
7.72
1h.2 t 1.9
11.2 ¢ 1.2

i1
«30
T.06
i + 346
W3 £ 2.1

L9,
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It 1s cliear at any rate, that the inherently variable nature
of the fowl was an lmportant factor in the fallure to consistently
obtain statistically significant differences in mean testis weight.
Birds held in a warm environmest had much heavier testes in every
instance, but only in trial 2, when treatment was continued for a
four-week pariod was the difference statistically significant. There
can be no doubt that a real difference in testes sise was uﬁtain@d
(Figure 1) but tewlis weight was so wariable thai the statistical
technique was inadequate to establish the reliability of the data,

Teatieular'hypartrephy was assocliated, as wight be expected,
by a marked increase in comb weight. This difference was highly
significant in every case,

It is clear that increased size of the testes has a marked
sffect on the sisze of the cowb., Ever since the work of Berihold {1849)
it has been known that size of the comb, 3 secondary sex characteristic,
is closely related to the amount of androgen producsd by the testes,
The cond 18 o sensitive te & difference in zadrogen tlier of the blood
that capo. and baby ehick combs are repularly used as dest animals
for the quantative assay of the androgenic agotivity of crysialline

androgens and tissue and urine extracts. (See Frank et al., 19k2).

The site of androgen secretion in the testes has been the
sbiect of some debate, FHreneman {193%5) found a direct relationship

betweon size of the comb and develoment of the seminifercus tubules,
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Pfeiffer and Kirshbaum (1943) reported a comparable relationship in the
sparrow. (n the other hand, sirong evidence that Leydig cells are the
only source of androgen has been reviewed by Durrows (1945). Halbandov,
Yeyver and Mo Shan (1946) studied this problem using hypophysectomised
cocks and found that 1M free preparations of FSH did not couse enlargoment
of the comb while 1LY alone caused an increase in the number of Leydig
cells and ir the proporilon of intertubular connective tissue as well

as erlarpement of the comb., Tabor (1%49) was able to correlate
hrperplasia of interstitial tissue with cord growth and concluded that
the interstitial tissue le the main source of androgen.

The foregoing suggests that the difference in tssies size
obtained in birds held in & warm or cool environment 18 the result of
increased production of gomadotroping in the warm environment or,
conversaly, a decreased production of gonadoironing in the zool environment.

Zondek, Julman and Hlack (1948) found thal, in Palestine
during the spring &nd summer, the hot dry wind say erusze spontaniouns
formation of folllele hawmorrhages in the female rabblt. ‘yperemizalion
of the ovary and follicle results fron inorsased production of IT, whlch
“indicate that L7 outpud may Le increased by warm temperatures., The
conb enlarcassnt abtained in the sresent study is also evidence of
incressed production of LY but since Malbardov, Meyer aud Mg dhas 11%u0)
faund that LY inoreased both comb and testes size and that LI and
gnsll amounte of F3M have a synorglstlce effect, the elfect of

environmental temperaturs on production of FSIT is not yet demonstrated,



Figure 2, Photo microipraphas of teatiouXar tissue fro® birds held in a
war® or cool ttnvironauKit* 1 ISO*
Ax &sr® environment* apensatoaoa*
B. Cool environment. sporrnatoeyfce*
Uost tostes were in this group*
C* Cold environment. spermatogonia* Fary testes “ere in this group.



Histological study of the tessbtes, however, showed that those from birds
held in the warm room showed evidence of sperumatogenesis in every case,
0f the teates from birds held in the cool room, only one showed spermatoe
genesis, the others wers in the apermatooyte or spermatid stage.
Photomiorographe of these dlassues are presented in FPigure 2. This 45
strong evidence that production of FSH ap well ss IH was modified by
environmental tempergture.

It is difficult to draw an inference as Lo the apecifie
effect of tomperature on the production of gonadotropins. The size of
the testes of the birds 10 and 11 weeks old was roughly twice as heavy
as so-called "normal' weichts for Yew Hampehires established by Hoffmann,
Shaffner, Fhesler and Hays (1948) and was considerably larger than the so-
oalled normal welght of the testes at 10 weeks of age a8 reported by
Lamoreaux and Jones (1942) for White Leghorns, and Hapue and Schnetaler
(1937) for Barred Plymouth Rocks. This is suggestive that the warm
environment apparently increased the production of gonadoiroping,

Dempsey and Uotila {(1940) suggested that exposure of the
female rat to cold elther depreased production of PSH or delayed release
of 1. In the present case, testis weight of birds held in the cool
envirohment was comparable with that reported for normel fowl by other
investipators. Thug there is no evidence in the present data that cold
decrezsed the secretlon of the gonadotropic hormones.

The effect of exogenouz ponadotroping on tesbtes welght was

studied by injecting birde held in bhe warn and cool rooms with 50 radt unils



of Gonadin per day for a perlod of three weeks. These dals are presented

in Table 3, The exogenocus hormone stisulated testis growth in birds
held in the cool room but testes of Injected birds held in the warm

room were actually reduced in size, Watbtle weight was significantly
higher for injected gool roow birds bub the ingrease in wattle weight
for injected warm room birds, while appreciable, was not ailgnificant,

These data are evidence that the sxogonous gonadotroping were effective

5L,

in stimalating tsstils and comb growth. The simulianioun depression of testis

weipht and the increase in wattle welght could possibly be the result
of a differential response to ¥SH and LH, Yo explanation 1z at hand
as to why the blrds falied {to reapond to V5,

It will be recalled that Asmundson and Wolfe (193%5) reported
a definite increase in gise of the ovary when pregnant mare's serum
was Injeoted inte sexually immature Fhite lLegherns, If the bestioular
hypertrophy observed in the pressnt siudy was due to the lnareased
production of endogenous gonadotrophing indeced by a wam environmend,
ovarian hypertrophy might slso ocour in females held in & warm room
although it is appreciated that such a response would depend largely
on the agze of the birds and thelr inherent rate of soxusl maturiiy.
Fhen sevensweske-old Yew Hampshire {emales were held in the warm roon

for three weeks, body, comb and ovary weight were as follows:



Tabls 3. The effect of injection of Conadin on testis and wattle weight of cockerels

held at different environmental temperature.

Environment

1]
. Cool - farm
' Sody wte sattle wt, Testis wt. ' Body wt., dattle wt. Testis wh.
: B B : 2.7 my, Bie
Control '935351 78k t128 0 gps52 ! 952 % 1502 £ 360 2593 ¢ 315
] s
Injected : 43 £ hs 1777 ¢ 199w 128L  B11 : 973 t 5k 22k +500 1350 t 295

## Significantly hicher at the 1 percent levsl than aversge weight of the watiles

of wminjected controls held ia the cool environment,

*Ss
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Bnvironment
o0l warn
Number of birds b 12
Sody welght gus, 886 25 BL7 ¢ 22
Conb welght mys. e 3 L56 + 15w
Ovary weigh; REH,. 369 + 36 N8 + L2

#% Significant at 1 persent level,
Here again a differential reaponse was obtained. Comb weight was
significantly increaged which ls evlidence of inereased output of
LH but no effect of SH was found as shown by dhe fallurs of the
ovary %o respend. Oraphlc preseniation of the data oun comb and testes
weight by means of a histogram showed that those birds having the hesviest
taestes did not necessarlly possess the heaviesl ooubs, [or instance, one
bird whose testes weighed 1750 mg, had a gomb that welghed 10.7 gm.
while another whose testes welghed 10,L00 mp. had & coub that weighed
7.8 ¢m, iorecver, lnspection of the data suggesied that an increase
in testes weight had a proportionately greater effect on comb welght
when birds were held in & warm environment than when they wers held
in the cool. This was shown by the regression equatdions lor lestes
welght on comb welght which are plotted in Flgure 3. It is obvicus thet
the difference in temperature had some effect on comb &l.e other than
ithe effect of the increasing testis size,

The failure to obtain a consistent relatlonship Letween comb
and testis woighte may be explained by assunming thal androgen production

is not closely correlated with testls size. Thus, relatively small
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TESTES WEIGHT GRAMS

COME WE/GH T GRANMS

Pigure 3. Hegression lines showing the effect of teatls welght on coub
welzht,
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testes might have an androgen production comparable to the putput

of larye testes., This view is supported by the work of Tavor (13L9)

who has noted that comb growih is not primerily correlated with testiculsy
walght but with hyperplasia of ths Interstitisl cells. Presumably an
increass in asmount of intertubular tissus would not add greatly to the
overall mass of the testils which could aceount for the lack of consistent
correlation betwean comb weight and testes welpht.

Lamoreux {1943) has proposed a second explanation of the same
phenomenon, Since the conbs of birds held in g ool snvironment have &4
lower temperature than those of birds held in the warm room, (78° F,
as conpared with 98°, Table 4), their low temperature might reduce the
response of the tissues to andropen. The low conb temperature would
alsc reduce the peripheral eirculatlon of blood and thils in itself
mizght result in & reduced response o gndrogen.

4 third means Ly which the comb response to high environmental
temperature might be explained dogs not concern the testes at all.
Yeates, Lee and Hines (1%41) reported that the cosb and watiles of the
fowl sqt as radiators in the dissipation of heat. In a later report,
lee ot al, {1945), it wes conoluded that the combs and watlles are nob
vary important organs for cooling., The possibillty exists, however, that
some comb enlargerent mey occur a8 a general sdaptation to the wam
erwiromments, A sechanise might be postulated whereby an incrgase in
ambient air temperature would ¢ause an increase in the caliber of
the blood vesssls of the comb and this increased vacularity would ach

zs a stimalus for hyperplasia or hypertrophy of the cosb.



lamoreux {1943) found that the average rectal terperaiures of
males wxpossd to £5° ¥, were lower than those of ULirds held in the eold
roum, sAlthough the differences did not exceed one degree, lacoreux wae
af the oplnion that these differences might favor cellular activisy
in the testes of birds in the warm room, ZXiley (1937) showed that
temperature was & factor controlling spermatogenesis in the sparrow
and that maximunm mitotie activity ls found when body temperature is
lowest, between 2 and L a, =, However, Riley (15L0) reported that
diurnal varistions in spermatogenic activity were less merked in the
fowl than in the sparrow and Yacartner (1942} found no evidence that
spernatozenic activity in the fowl was correlated with the dluwrnsl
variation in body temperature.

t seems doubtful therelore thal the lower body temperature
observzd by lamoreux In bimds held in a warm ensvironment could aseount
for the testicular hypertrophy ohlained, In the present study reotal

Leaperature was sipnificantly higher in birds exposed Lo the ware

envirunvent,(Table L), Laroreur and Matt (1939) have shown that Semperature

determinations in the Iowl are sublect to geveral errors including the
emound of coolling of the tissucs by the thersometer, An albenpl was
made to avold this error by ddpsing the thermometer In a besker of warm
water Just prior to insertlon inie the cloaca., ‘'wwever, a potential
source of error still exlats when readings are nade under so great &
difference in ambient air tempersture as used in the present study and

it is doubtful 1f the data warrants any opecisl Interpretation,
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e,

At the time ol killling, rectal itemperaturss of blrds Lfron both
snvironsents was essentlally the same (Table L) This 1s o be sapected
since the Lirdas from the cool eanvironsent had been hold al room temperature
for 30 to L5 winutes belodre the roadings were taken, Thelr lemperature
wigyht be expected to rise slightly because thelr metabollc raba,
adapted to the coel anvironment would be relatively hizh, and imsediate
adjustnent of the cheniecal processes in heal produstion could hardly

be anticinated.
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Table 4, The effect of environmental temperature on comb and rectal
temperaturs,

: Treatmsat

] [} )

o, Birds * Cool ¥ Harn

' ' O, ' °r,

[} ) ) '
Jomb temperature : &k : 78,56 L loiws : 98,35 & .29
P2ectal tﬂ’my@r&&iﬁr@ : 0?-3»3 .l’}f};cl’.b j: O}u? : l"}ﬁ,m\& 1; 017%%
it tize of willing® ' 2 'M06.52% .10 ' 106.25 £ .08

$

' ¢ '

' ¢ '

L ] ¥

1. After spproximately 30 minutes at room teuperature,
## Significantly different at 1 percent level from the value obtained
for birds held in the cool environment,
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Summary

The effect of environmental temperature on body temperature,
body weight, comb, spleen and the weight of certain endoerine glands
was studied by subjecting seven-week-old Wew Hampshire cocierels o
a warm or & cool environmental temperature. Exposure to 45° F, for
three weeks as compared with 800 Fo had no effect on gain in body
weizht or pitultary or spleen weight. Adrenal weight was consistently
heavier upon exposure to cold but the differonces are not statistically
significant,

In contrast; exposurc to the warm environment resulted in a
marked increase in testis and comd weight. Histologieal examination
of these testes revealed precocious sexual maturiiry. This is interpreted
to mean that the warm environment inereased production of follicls
stimilating hormone, Since the observed Increase in comb weizht was
precumably due to increased androgen production, thers is alse strong
evidence that the warm environment alse incressed production of the
luteinizing hormone. Ovary weight of lmmabture females did not, however,
increase when lemales were subjecied te the warm environment,

Trere wes a hizh correlation between testis welght and corb
weight. :legressiorn coefficients of testls weight on comb weight showed
that in the warm envirenment a given testis weight was assocliated with
a heavier comb than in the cool environment. This may be explained by
the fact that the temperature of the comb of birds held in the cool room

was somewhat lower which might reduce the response of the tissues to androgen.
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Testls weight did not wholly account for comb weight as shown
by the fact that some of the birds with the largezt combs had rather
small testes. This may be due te lack of correlstion betwsen testls

weicht and androgen production,



References

Alles, W, C, end C. Z, Latherman, 1940, 4n experimental study of certain
effects of temperature on differentisl growth of pallets. feology
213 29-33.

Aspundson, V. 8, and ¥, J, Wolfe, 1935, Effect of pregnant mare's
Jerum on the immature fowl. Proc. 5oc. Sxp. Dlol. and Ved. 321
1107-1109,

Barbour, il. O. and ¥, F. Pamillon, 198k, DBlood specific gravityr its
significance and & new method for its determination, dner, Jour,
Physlo. 69: &5L~361.

Barbour, He G. and ¥, F, Hamilton, 1925, Heat regulation and water
exchange, VII. Bvidence that sold anhydremia iz due to loss of
fluid from the blood atream. hAmer. Jour, FPhysle. 73: 315323,

Sernsteln J, G., 1%41l. The effsct of thermel snvironment of the
morphology of the thyroid and adrenal eorticel glands in the
‘albino vat. Bodoorinology 28: 985998,

Sarthold, A, 4,, 1349, Transplantstion der FHoden. Arehe f. Anate oo
Physiol u, wissensch, Ved., 1849, L.

Brengman, 4, R., 1739, The sffect of fractionated and uniractionaced
preparstions on testes and comb growth in ehlek, Anat. Rec, Gh:
{Supplement 1 . 55, Abstract,)

Mucknar, 5., %. 4, Insko, and J, H, Martin, 1932. The effect of

econfinement on the growth of chicken comb and testes., Aser, Jour, Physiol,.

1022 271275,

6h.



65.

Buckner, G,, %, %, Insko, and J. H. ¥artin, 1933. Sex characters of
vattery brooder and colony rsised dhite Leghorns, Poultey lei.
12: 392-396.

Surrows, f,, 1745. Blological Action of Sex Yormones., Camiwldge
iniversity Press,

Dempsey, E. W, and U, U. Totila, 1940. The effect of pitultary sialk
sections upon reproductive phenomens in the female rat. Endocrine
ology 27t 573579,

Dempsey, £, ¥, and Harald . Searles, 1243, Sovironmental modification
of certain endocrine phenomena, Sndecrinelogy 32¢ 119-128,

Domn, Lo Ve, 1930. 4 factor woddfying growth of the head furnishinge in
Leghorn fowl, Anat. Rsoord L7: 31l

Frank, R, Te, Ee Klempner, . Wllander asd B, Xriss, 1942. Detailed
deseription of technigues for androgoen assay by the chick comb
method. indocrinology 3l: 03«70

Fapilton #, ¥, and M. O, Barbour, 1930, Heat regulation and water
axchange, IIII, The fate of fluld leaving the blood in cold
anhydremia, Amer. Jour, Physloe, 73: 321-323.

Harmon, I. ., 1936, Hewoglobin regulation in chickens, FPoultry Sei.
153 53-62.

Harmon, le Wep Be Ogden, and 3, T, Cook, 1932, the reservoir function
of the gplesn in fowla. Aamer, Jour, Physio, 1001 §9-101.

Hartman, F. 3., 1946, Adrensl and thyroid welghts in birds. Auk 032
Lewtl,



Hernath, £. R., 1541, ¥41s and Wﬁrmsrwgalung. Inat. Anz. F1l1 20-31
(Blo, ibvatracts 20: 2534)

Hoffmann, Udmund and O, 8, Shaffner, 1950, Thyrold weight and function
as influenced by environmental temperature, Poultry Sei, (in press)

Hoffmann, Bdmund, C. 8, Shaffner, R, 3, Yheeler and 7, 4, 5. Hays, 1948,
Differences in endocrine gland weight among breeds and strains
of growing chickens, {(unpublished,)

Hopue, H. L, and £, B, Sehnelgler, 1937. Desvelopment of fertility in
young Barred Rock males. Doultry Sei. 161 62-87,

Jones, I, G, and ¥, F, Lamoreux, 1942, Jemen production of dhite
Leghorn males from strains selected for high and low fecundity.
Pouldtry Sci. 21: 173189,

Jonees U 3. and ¥, ¥, lLamoreux, 1943, Hstimation of the size of comb
of live fowl. Endocrinology 32: 355350,

Lamoreux, ¥, F., 19L3, Effesct of differences in lizht and temperature
upon the size of coxd of While lLephoras, Endogrinology 32:
LE97=50k,

Lamoreux, ¥, F, and ¥. 3, utt, 1939, Variabllity of body temperature
in the normal chick. Pouliry Hol. 20: T0-7%,

le®, Us H. Koy Ko %o Robinson, ¥. T. ¥. Yeates and . I. B, Jeott, 1945,
Poultry husbandry in hot climstes-sxperimental enquiries, Poultry
Bei, 2h: 195-207.

Yacartney, B, L., 1942, Diuraal rhythm of mitotie astlvity in the
seminif'erous tubules of the domestis fowl, ‘oultry Sei. &1: 130-

135.



¥41ls, Clarencs &,, 1945. Tomperature dominance over human life.
ilo H 267*3710

Nalbandov, 4, V., R, ¥, ¥ayer and ¥, H, Mc Shan, 1946, BEffect of purified

gonadotropes on the sndrogenesecreting ability of the testes of
hypophysectonised cocks, Emdocrinology 39: 91-104,

¥ikolalezuk, ¥, and ¥, 8, ¥aw, 1942, & preliminary study of the
effect of sunlight, dubbing and fractionated anterior pliuitery
extract upon growth, endecrins glands and sexual capacity of 8, ©,
#hite Leghorn cockerels. Poultry Sed, 2ls L33-49¢,

Pfeiffar, Co Ao and A, Rirschbsum, 19L3, &elation of interstitial
cell kyperplasia to secretion of male hormone in the sperrow,
Anat, Ree. §%: 211-228,

Rliley, G. ¥,, 1937. Experimental stodies on spermalogenssis in the
house sparrcw, Passer Dosesticus, inat. Hee, 78:327,

Biley, . e, 1940, Diurnal varlations in spermatogenic activity in the
domestic fowl, Poultry Sei, 193 360,

Selye, Hans, 19,7, Texthook of Endocrinclogy. Hontreal, Canada, Acta
Endocrinologica,.

Shoffner, 4, H., and P. . Smyth, 194h. Response of sexually insciive
ehicken males to pregnant mare's serum, Pouliry Scl. 23t 154-155.

Sturkie, 7. Day 1943. The reputed reservoir funotion of the spleen of
the domestis fowl, Ampr. Jour. Physiology 138: 539602,

Tabor, fLlsie, 1749, 7The source and effects of endogenous androgen in

the male chick., am, J. anat,, 85,

67.



68,

Dotila, U, U,, 1939. On the role of the pitultary stalk in the regulation
of the anterior pituitary, with special reference to the thyrotropic
hormons, Endocrinology 251 605-61h.

Yeates, N, T,, X, H. K. lee, and ¥, J. G, Hines, 1941, Reactions of
domestic fowls to hot atmospheres, Proc. Hoy. Soc. Guesnsland 531
105.128,

Zondek,, B,, F, Sulman, and K, Black, 1545. The hypsremia effect of
ponadotropins on the ovary. J. dmer. Hed., Ass'n, 128: 939-24L.

R SO v S O d
a Ba 3T AR



Positions Held:

Teacher of Vooational Agrisulture, 1937-1541, Virgll Central School,
R, D. #2, Cortland, Yew York.

Regseurch Assistant, Rutgers University, 17L1-1942,
Assistant foultry Husbandman, 1942-1945, University of Delaware.

Poultry Specialist, Indian River Poultry Parm, 19L0-1946, Ocean Tiew,
Delawars,

Assistant Professor Foultry ihusbandry, 19461548, Univarsity of Usorgia.

“gsgoclate Professor Poultsry Husbandry, 1948, University of Georgia,

List of Publications:

I. Papers, Sulletins & Circulars,

Hoffmann, Edmund, 1942, Backyard hatehing and brooding ef chicks,
Hew Jargey Agricultural Experiment Station lints to Poultryment
29 ¥o. 5.

Yoffmann, Edmund, 1943. &hite Cornish-dhite Took eross proves
superior broiler siock. U.3. Egp & Poultry ¥ag. 49: 368.359, 381,

Hoffmann, Edmund and Tomhave, A.E., I243. low animal protein laying
mash, Feedstuffs, 15, (15) 1 20-21,

Hoffmann, “dmund and Towhave, L.E., 1%43. 2 laying mash of low
animal protein cantent. Delaware Apriculture Experiment Station
P&mphlet Eb. 6Q

Hoffmann, ideund and Toghave, 4,7., 1%L Superior strains for
broiler production, U.,9, Egg & roultry d¥ag, 50, (1), pp. =32,

Yoffwann, Edmund and Tomhave, A.B., 194k. The use of cracked corn
in the broiler feeding program, Delaware Agriculture ixtension
Circular ‘o. 16,

solfenbaryer, U.0. and Hoffmann, Edmund, 19Lh. Uses of [.D.Te. on the
poultry farm., Poultry vclence, 23t Sh5-5u6.

offmann, Edmund, 194%. Poultry pasture. Delaware Agriculture
ixperiment 3tation Bulletin 25k,



Hoffmann, Edwund and Tomhave, A. E., 194h. One year's feeding of a
low aniwal protein laying mash, Feedstuffs 16 (13) :3Ll-32.

Tomhave, 4,E., and Hoffmann, Edmund, 19hL. A preliminary investigation
on the use of ceritain dried vegetable wastes as poultry feeds,
Delaware Agrieulture Experiment Station, Pulletin No. 24L7.

Hoffmann, Sdmund and Tomhave, A.E., 1945. A relationship of square
gsatéof floor space per bird amd epg production. Foultry Sclenceg
8! 9"‘9‘3.

Hoffmann, Edsund and Oordy, Frank, 1945. Yatter batohing eggs for
better btrojilers. Delaware Agriculture Zxtension Circular No. 50.

Davis, J. F. and Hoffmenn, ‘dwund, 194%. Utllization of poultry manure.
UeS, lgg and Foultry dag. S1 (1):28-31,

Hoffmann, Hdmund and Tomhave, h. ¥., 19L45. Broccoli leal seal for
alfalfa leaf meal in broiler rations. Feedstuffs, 17 (26)125.28,

Jolfenbarger, U, C., Hice, &, L., Hoffmann, Bdmund, Heuberger, J.%.,
1945. Experiments with D, D. T, conducted by State spricultural
Experiment Stations, Apricultural Colleges and other non-Federal
research organizations. U.S.D.4. ublications E G0,

Towhave, 4. k. and iinffwann, Edmund, 1945, Incubated eggs and dead
poultry as hog feed. Journal of &nimal Solenve, L, (3):2L7-2L9.

¥iliton, J. 0. and Foffmann, Edmund, 1946, Bedy weight by breeds of
birds that qualified for R,0,P, in 1945. Poultry Selience 25:535-534,

Yoffmann, Rdmund, 1%47. ¥Preed and strain crosses. Hatchery Tribune

¥heeler, R, 5,, Edmund Hoffmann and C. L. Oraham, 1948. The value of
thyroprotein in starting growing and laying rations I Urowih,
feathering and feed gonsumption of Rhode Island Red broiler:.

Poultry Seience 27:103-11l.

Walter, James i, and Edmand Hoffmann, 1%47. Comparison of hatche
ability and fertility amond Broad Ureasted Bronge and Heltsville Smalle
Type “hite Turkeys and their reciprocal crosses. PFoultry Scolence

26, 167367k,

Hoffmann, Hdmund, 1947. ¥Tifferences in wroiler characteristics
«ithin and among breeds. (Abstract) Poultry Seience 26:54L3,.

71.



Hoffmonn, Hdmund, 1947. The development of & Columbian crossbtred
for broiler produetion (abstract). Poultry Science 26:542.

Hassey, J. H., Edwund Hoffwmann and Edwin Jawes, 1947. Toxic effect
of blue lupine on chicks, Feedstuffs, Volume 19, (23):127-29.

#heeler, H. 5. snd kdmund Hoffwann, 1P4B. Prolapse and "pickout”
%i)&é;thyl&tilbwatralmtreatea eockerals., (ornell Veterinarian 38
110952,

¥heeler, R,5,, Edmund Hoffmann and U, #, Barber, 19L0. The effect
of thiouracileindveed hypothyroidise on the resistance to chicks
artificially infected with K. Tenella. Jour. Amer. Vet. Med.
Ass'm. 112(855) L7347k,

fheeler, H, 5. and Edmund Hoffmann, 1948. Ooltercus chicks from thye
roprotein~fed hens, Endoerinology 42 (L):326-328,

#heeler, K, 8, and Démund Hoffmann, 1948. The value ol thyroprotein
in atarting, growlng, and laying rations. YI. The growing period,
12-2 weeks of ape., Foultry Seience 27:509-51Y4,

fheeler, 1, 3, and Edmund Hoffwann, 1948, The value of thyroprotein
in starting growing and laying rations., IIY. Hgg production,
fertilit: and hatchability of fhode lsland Hed pullets. Poultey
Seience 273 685,

Hoffmann, Edwund, and &, &, Wheeler, 1948, The value of thyroprotein
in starting, growing and laying rations IV, Lffeot on the egg
production, shell guality, and body welight of year-old pullets

during hot weather. Poultry 3clence 27:609-612.

Yaseey, J. He and Ldmund Hoffwann, 1948, Crosses between New
Hampshires and Lhode JIsland Reds for lUreller production. {Abstract)
Poultry Sci. 27:573.

theeler, 7obert 3, and bdmund Hoffwann, 1948. Influence of
quantitative thyro protein treatment of hens on length of incubation
period and thyrold size of chicks. Endsorinclogy L3:h30-0139,

Hoffmunn, Edmund and Hobert 4. dheeler, 194%. Thought question.
discussion technique in teaching intreductory poultry husbandry.
(Apsiract) Poultry Sci. 281hld-LL9.

Eley, U, 5. end fdmund Hoffmann, 1949. VFeed Partiole 5ise as a
factor in water consumption and elimination, Poultry Sel, 20:21%.222,

72.



I1.

I1I1.

Noffmann, Fdmund, 1949. The thyroxine secretion rate of the
vhite Pekin duck. Poultry Sci. (in press)

Keeller, ¢, E., Fdmund Hoffmann and R, E, Shearer 19L9, Faded
bronze; an autosomal recessive mutant in the turkey. Poultry 3ei.
28:633-635.

Wheeler, R, S, and Rdmund #offmann 1949. Ooiterous chicks from
iodine~injected aggs. Endocrinology L5: 208-209.

Wheeler. R. 9, and Edmund Hoffmann, 1949. Ooitercgenic action
of ifodide and the etiology of goiters in chicks from thyroprotein-
fed hﬁﬂﬂ. Froo. Soc. EWQ Blo, and Hed, ?2!25{2’“2511-

Hoffwann, Edmind, and C, &, Schaffner 1949. The effeot of
environment temperature on thyroid weight and function in the fowl,
Poultry Sci, (in press)

Wheeler R, S, and Fdmund Hoffmann, 1950. The etiology of golter
in chicks from thyroprotein~fed hens; negative role of inorganiec
iodide. Poultry Sei. (in press)

Book Reaviews.

Hoffmann, Edsund, 1%47. Domestic ducks and geese by Paul lves,
Poultry Seience 25, Ho. 3, pp 2/0.

Hoffmann, kdsmund, 1947. in Introduction to Mathematical Cenetics, by
Lancelot Hogben. W, H, MOrton k CO.s INCe, WGW TOTK. FOULLYY
Sgience 26 » Ho. 5’ vah52 .

Hof fmann » Edm‘é’ 19147 o Animal Oreedi » hy Ae La ﬁ&){%@d&ﬂm » 2nd
edition. Crosby lockwood and Son, Ltd., london, Poultry Soience
26, ¥o. S, pp LB,

Books,

tof fmann, Edmund and Hugh Johnson, 1946. Successful broiler growing
Mount ¥orris, 111, The watt Publishing Co.

foffmann, Edmund, 1945. Lessons in Poultry Husbandry, Athens, Ueorgia.
The University of Georglia Press,

Hoffmann, Edmund and fobert &, Wheeler, Editors, Translated by
Lisbeth Stevens 1950. The inatomy of Domestlc %irds, athens,

Georgia. The University of Georgia Press., (Handbuch der Vergleichenden
Anatomie der Haustiene by ¥, Zllenberger and H, Baum,)

T3



