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CHAPTER I

INTRODUCT ION

e o e AT S

pelagica) containg many references concerning torpor, These
birds Tly rapidly and almost constantly for long periods,
According to Storer: {in Marshall, 1950), they caen compensate
for this great-butput of energy by becoming torpid at night.
McAtee (1947) gave many accounts of inactive swifts and stated
that "torpidity from brief to extended periods is possible,”
and that "under favorable circumstances, hibernation seems =

posgibility." Cempbell and Campbell (1926), Prosser and

i

KU

Brown'(i96l)wand King and Farner (in Marshall, 1961) referred
to similar torpid states, and Berger (1961) stated that hiber-
nation is known, Lack.(l956f referred to the discovery in
December of 1879 of a group of seveh Chimney 3wifts "stowed
away" in a disused stove pipe in New York sthate, |

In discussing torpor in birds, Huxley et al. (1939)
defined torpidity as a physiological state regembling hiber-
nation in memmals but of shorter dufatione During torpidity
the bilrds wére’reported to be temporarily hHypothermic and
were quite rigid with head drawn back and pointed up, Thelr
eyes were clogsed, and they exhibited no perceptable resplr-

atory movements, This state of hypothermia was alsgo
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Stebbins (1957),. and Howell and Bartholomew (1959) studied

' ﬁhe Poor-will (Phalaenovtilis nutallii) and the evidences

: of-truejhibernation Observed in thisvspecies;'hummingbifds

- of vafious genefa5ha#e been ihvestigated‘in this connection
(Peafsdn;vl956,_1953}:wae11:and’DawSon, 1954; and Lasiewski,

v1963);“the‘White-thfoated Swift (Aeronautes saxatalis) has

‘been shown to be torpid when exposed to both cold and star-
vation (Bartholomew ét‘al;,-l957);vand Mershsll (1955)

gave an accouht~of twd»TrillinglNighthawka(Chordei}eS'

aCutLpennis) which apparently-became torpid, Koskimies

(1948) referred to Huxley et al. (1939) and said that
Coiigs is ablé, under certain conditlons, to fall into a
coma, | . B

Since manyvreferences:are'made to:tOrpor in swifts and
aince a number of c1qse:relativeSFof-the swlft have exirivited
- this physiological phenomenon, this-studyfwas ﬁhdertaksn to
determine,whether the body temperature of‘the Chimney Swift
changes'during période of lowered environmental Utemperatures.
Investigation was also made into the metabolic rate of these
birds-and any changes of this rate which might be due to

lowered envirommental temperatures,



CHAPTER II
'REVIEW OF THE LITERATURE

The body-temperatﬁreS‘of'many‘birds:have bean meagured,
and in @epe“al the relationshlm hetveen the weig of & ird
and 1ts temperature.has been‘shown to be falrly clege to an
inverse one, The smaller the bird, the higher the temper
ature, Welt y(1962) made tie observation that when the body
tEmperatures ofjvarious gpecies of;birds were'plotﬁed
against the logarithm of their edult welghts, & linear
correlation~resﬁlted With every ten-fold increase in body
.weight there was roughly a decrease of 1.5 °© ¢ in body
"temperaoure.' | |

Egg; temperatures have been studied (BaLdWLﬁ and -
Kendeigh 1932; Huggins,,l94l- and Irving and Krog, 1956),
and newly hatched birds have been shown to be distinetly
poikilothe rmic (Pembry et al., 1895; Gardner, 1930; Randall,
1943 ;- and Dawson and Evans, 1960).

- 8impson and Galbraith (1905) observed that diurnal
variations of the temperatures of small Birds were greatsar
than those for large birds (ducks veried 0,92° C while
thrushes varied 4,27° C during a ﬁay's time), Doves were
exposed to environmental temperatureé of 50,-230, and 39° C

and 24-hour records of body temperatures were obtained by



- Bartholomew and Dawson (1954), The daytime temperatures of

O ¢ and nighttime temperatures

thisispecies approximated 41,5
‘were about 2° lower. ﬁdvardy (1955) and Irving (1955)
reported studies of bird temperature variations in the
Arctic and in Alaska., . Irving reported on‘Seven species of
birds and found that at ambient temperatures of -9° C and
-22° G the daytime body temperatures were aeout those
reported for these specles on warmer days; at night they
were from'0.9°,C to“#,O°~G Iower, .Dawsonvand Tordoff (1964)
reported that the body temperature of crossbills fenged
between 38 5° and 40° ¢ even though the amblent temperature
was *15 to 28° C.

~ The metaboliC'rateS-of manyvanimalS»have been exten=—
gively investigated. Dawson andeartholomew (1956) compared
the metabolie.rates of lizards with those of shrews and
hummingbirds, This comparisonvshowed}that'the-1izard had a
very low metabolic rate (1,13 to 1.21 cc Oo/gm/hr) as
compered,to shrews (10,5 ec 0o/gm/hr) and bummingbirds
(12,3 ce Og/@m/hr). Bats, studied'extensively by many
investigators (Burbank and Young, 1934; Hock, 1951; and
Beer and Richards, 1956, to name a few),. are con51dered
essentially poikilothermous in that at all geasons of the
year their resting temperature and metabolic rate are
-dependent upon environmental»temperatures.

In eonsidering total metebblism; 1.e. the Calories

.reqaired vy an animal per day, Brody and Proctor (193%2)

reported that for wild birde the metabolism (@) in Calories
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per day 1s related to the welght (m) in kilograms accordin

03

to ths following sgquation:
Q =8m .

This-waS'also_used by Scholander et al. (1950) and Brody
(1945). lasiewski (1963), reporting on resting metadolism
in hummingbirds,bquoted King and Farner (in‘Mafshall, 10461)
and said that the metabolism was essentﬁaily that predicted

by the King~Farner equation:
log metabolism (Kcal/day) = log 74,3 & O.744 log Wt. (Kg).

The metabolic rate, however, when the weight of the
animal is considered, varies inversely with the size. 1In
general, the laprger the apimal, the slower lts rate of
metabolism per gram of body weight (Pearson, 1950), Dawson
and Tordoff (1959) gave the basal metabolic rate of the
Evening Grosbeak as 2,5 cc 0,/em/hr for 50 to 65 gram birds.
Dawson and Tordoff (1964) reported that inm winter the Red

Crogsbill (Loxia curvircstre gltkensis) had a tasal meta-

tolic rate of 3.1 cc'Og/gm/hP. They further stated that an
eseentially linear inverse relation exlsted between oxygen
consumption and ambient temperature between -15° C and
10°'C; the slope of the regression line for this relation
is -0.12 cc Op/gm/nr °C. The White-winged Crossbill (Loxis

leucopetra leucopetra) had a Wasal metabolic rate of

2.8 cc Op/gm/hr during winter and exhibited & linear



inverse relation, also (the glope of the regression line

being -C.11 cc»Oz/gm/hrboG).v

-1



. CHAPTER III
METHODS AND MATERTALS

Swifts for this studj were obtained after they had
~settled to réost*qu“the night, A 1afge chimney on ths
Oklahoma State University campus was used as a roosting
glte by many Chimney Swifts during the spring, summer and
fall of 1964, VA;46;oundebjuice cen with a bale and a long .
cord,‘as describted in Fischér (1958),ﬂWa9'usedtﬁo-catch
the birds, but  most of them were obtained by making noisse
low in the chimney withbthis can and capturing the birds
as they flew to the tbp of the chimney. The first ones
were caughtvéither in the:can or by hand as they flew by.
An ordinary fishing diblnet’prowed qulte successful for
capturing the birds as they flew from the mouth of the
chimney.

Captured birds were held in a small cags bvernight
in a'rdom away from any activity. Adult Chimney Swifts
were uséd in this 1nvestigatioh.

Eech bird was weighied on a platform balance and the
weight was recorded tb the.nearest tenth of a‘gram. A

band was placed on the bird for identification purposes,
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Sinece the blrds had not fed after entering the chimney
at dusk the evening before, it was assumed that these birds
were in a post-aksorptive state,

Fach birdeas‘held immovable on & wire screen of one-
half inch mesh in a comfortable resting position by clipping
the rectrices and outer primarles to the screen with an
alligator clip and tying a cord acrogs the back of the bird
twice so that the cord made a cross on the back cof the blrd
and the shoulders and body were held firmly against the
screen (Fig., 1), The struggling bird could move the prox-

imal portion of the wing and the head, but was held sescurely

@

Fig. 1. The bird was rendered immovable by secufing it oto
screen by one or two alligator c¢lips.and ribvbou.
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against the screen., fter cne blrd was lnjured, when the
cord cut through the skin of the shoulder-neck region, a
narrow ribbon was used instead of the cord and this proved
more satisfactory., Any movement of head or wing was
visvwally noted and recorded during the progress of ths
experiment.

The birds were placed in a closgad metadolism chember
(Fig. 2) and temperature readings were made using & thermo-

couple inserted 10 mm into the cloaca and held in place by

To remote thermometer

|———— (Calcium chloride
Soda lime
Ascarite

| 2N

Fig. 2. A diagrem of the bird in the meta solisn chember,
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change in the levels of the liquid in the arms of the 7Y
tube indicator (Fig. 3). The three=-way valve was adjusted

Three-way valve

—>Low-pressure
oxygen supply

]
To empty

To metabolism
chamber

chamber

Fig. 3. A detailed diagram of the "Y" tube and
ated apparatus ussd to measure the oxygen addsd
metabolism chamber,




80 that the measurin

Presgure oxygen supply and the zsyringe we

o ’ ™ o o

oxygen., The valve was then turnsd so

connected to the metabolism chamber and the oxvgsn
forced into the chamber until the liquid in the "Y" tube

indicated equal pressures on both surfaces of the Liguid,

The oxygen consumphtion was regorded sg the numbser of
liters of pure oxygen which wag needed to maintain normal
atmospheric pressure during a given tlus.

In order 1o minimize differences in pressurs due to

the chenging temperature, an identical chawbsr was atiachsd

to the system as shown in Fig. 4. Both of
were glass: jars having inside wmeasurements of 13.0 x 15,5 x
26,0 centimeters, These were clamped securely Lo a hoard
and rendered air tight using rubber gaskets and a hlgh
vacuum sealer, These chambers were opened to the atmosphers

&t short intervals during the experimentation te insure the

maintenance of a constant pressure in the chankt

Relative humidity wes controlled in the chambers by
the uge of calclum chloride. According to Morprigon (1347,

calcium c¢hloride exposed to the atmosphere in such s

chamber will maintaln a relative humidity of

31%.

The chambers were cooled by packing ice and salt arcund

them., Environmental temperatures

a mercury thermometer with the bulb located

8 cm from the bird (Fig, 4).
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had sen under obssprvation for twelve hours withoult signif-
lcant change.

Four birds were subjected to an environmental temper-
ature of =5° G, four were held at 0° G, five at 5° G, five

o) - .
at 10" C, and two served as controls-and were kept at room

of the

tempersturs (approximately 25° ¢) for the duration

experiment., One bird was subjected to succegsivs

o o LG
atures as follows: 5 C for 1% hrs, O C for % hr, =5 ¢

' 0
for 4 hrs, Another bird was held at 20 C for 45 min,
15° ¢ for % Lr, and 5° C for 2 hre,

Birds were released after experimentation, Some uad

Wl
g

to be held over night and were released approximatsly
hours after being captured; others were released earlier

(approximately 17 hours after capture)..

Attempt was made to feed gome of these Lirxds, and five

birds were held for four days in feeding trials, tut they

continually lost weight and died,



CHAPTER IV
RESULTS AND DISCUSSION

Control swifts, held at fmom'tempefat!re (ab:f‘.afc C).
showed ﬂovfluctuation in body teumperature at all and there
were no siganificant changeS'in metabolic rate even though
the birds had had no food for at least 28 tc 30 hours.
Although lack of food'might cause changeS'tb'be evident 1if
continued, this period of time was sufficlent to show that
lack of food alone could not be the cause of wvarlation 1in
body temperature or changes in metabolic rate wh féh rwight
be noted up to 28 to 30 hours,

The body temperature of birds exposed to ambkient
temperstures of 10° C dropped én averagevof 11° C. This
drop.in'temperature wag almost immediate upon the lowerling

of the ambient temperature, and remained relatlvely stabls
o .

(varying a waximum of 3 C) for a ten hour period. Oxygen

consumption was not significantly changed from the bteaslc

rate established for each bird-(Fig; 5).

When another group of birds was held at enviironme
temperatures of 50 C, thelr rody temperaburﬂs dropped an

average of 130 C. The body temperatures fluetnated wmuch

more at this ambient temperature, varying as much 28

0
and ranging from 29° dovm to 17 C (Fig. 6), One bird

15
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BODY TEMPERATURE (° C)

-1 0o 1 2 3 4 5 6 7 8 9 10 11 12
TIME (HOURS)
——— Bird No. 24-174428
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OXYGEN CONSUMPTION (cc 0,/gn/hr)
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Fig. 5. Body temperature and oxygen consumptlon of thres ©
the five birds which were exposed to 100 C ambient
temperatures, Zero hours is the time at which lce wae
added around the chauber. '
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(103-101001) became torpid at this temperature with a body
température of 16.20 C and an oxygen consumptlon of 3.53
ce Og/gm/hr as compared with a body temperature va34‘50 ¢
end an oxygen consumption of T7.21 ce Og/gm/hr at an environ-
mental'tempefature of 21,0° ¢, Another bird (103-101034)
also became torpidvat 50 C ambient temperature with bcdy
temperature and oxygen consumpﬁion of 15.8O C and &.26
ce Og/gm/hr respectively as compared to 40.30 C and 5,23
ce 0,/gn/hr respectively at: 27° C ambient temperature.
Torpld birds had no respiratory movenments which could
be noted.visually and gave litfle or no responge to external
gtimuli, Their posture was hunched giving the peculiar
"pointed up" tilt to the head, and the eyes were closed,
The birds’gradually began ta recover from this torpor after
a few minutes-at warmer ambient temperatures, The first
sign of "lire" of a recovering vird was a sinzle, slight,
apparentiy‘ooﬁvuléive breathing movemenﬁ. These movements
were repeated at closer intervals and slight shivering
movements were noted. The eyes-sometimes opened during
this time, but responses to stimuli weré gslight., Breathing
‘movements became cioser“together'and finally a renewed
lively condition was noted, All the birds which became
torplid at amiient temperatures of 50 C were releasged after
regaining their vitality at warmer temperatures., They gll
flew normally and each was’ joined almost immediately by
2 or 3 other Chimney Swifts in the area, and they flew ave s

together. Torpidity cccurred after pericds of exposure to
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this test témperature of 1% hr in one animal (Unbandsd. "C"),

(,')’

hig of

3 hre in the second (103-~101001), and only after 10
exposure in the third animal (103-10103%4), Two othepr Hssth

2]
3]

A

L

‘animals did not show torpidity at this temperature. Thess:
Birds! temperatures dropped 8° to 10° C‘and vafied around
this temperature but never fell to the lower point (Fiz. &),

Three of the four,birds which were egxpoged to an
amblent temperature ofvoo C. exhibited torpidity and cus of
,these torpid birds died subsequentiy. The fourth birdg
however, had a taomperature drop of approximately 200 c
almost immediately and then gradually its temperature rose
from about 20°,C up*to.28° C over a pepriod of about 5 hours,
Oxygen consumption in this bird rose from 2.8% ce 02/@m/ﬁr
at room temperature to an average of 9,03 ce nggm/hr
during the period when the body temperature wzs riging
(Fig. 7). |

The Yirds which.shOWGd torpidity.at o ¢ (103=1010L4,
103-101031, and 103~101033) had body temperaturss and
OXygen consumpmiCn rates at the end of the experiment of
13.2° ¢, 3.0° ¢, and 17.6° C; and 6.55 cc Oy/em/hr, 2,54

ccrOE/gm/h:, and T.47 cc Og/gm/hr respectively. Corres-

ponding data at the beginning of the experiment wers %8,2" ¢,

\

35.3° ¢, and 38,4° C; and 5,32 cc Op/gm/ir, 4.43 co Oz/gmfhfg

and 4,17 ce Os/gu/hr respectively. Cne of thesz (LO3-101
had a body temperature which varied between 13° C and £° ¢
for a period of 1 hour and 40 minutes before itg body

temperature dropped to 3° G, At this point the bird was
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removed from the chamber and sxamined. It was determined
that the bird was alive becausé~£hérevwas.a glight sponta-
neous movement of the head in response to tapping cn the
bill region. This bird ultimateiy died, however, The other
two birds (103-101016 and 103-101033) became torpid afhter

2% hours'ahd 6”hours respectively at the lowered temperstiurs,
These two birds, as well as- the one which did not show
torpidity,‘were released successfully. |

Three birds (103-101020, 103-101025, and 103-101040),
which were placed]in environménts of.-5° C, became torpid
after 1% hrs, 3 hrs, and 2% krs respectively at cold
températures. They recovered and were releaged, Ancther
bird (103-101027) died after sbout. 30 minutes at temper-
atures below 0° C. The three birds which became torpid
(103-101020,_103-101025,:and 103-101040) hed body temper-
atures of 14.9° ¢, 14.8° ¢, and 10.7° C respectively at
ﬁhe end of ﬁhe experiment and had oxygeﬁ comsumption rates
of 4,29 cc Op/gm/hr, 12,90 cc Op/gm/hr, and 5,70 ez Op/wm/hr
respectively., Similar figureS'at the first of the experi-
ment were 40.4° C, 40,2° C, and 40.30 C; and 3.00 ce Op/em/hr,
3.90 cc Op/gm/hr, and 3.76 cc Oy/gm/hr (Fig. 8).

By averaging each bird's data for each half hour pericd
from the time ice was added around the chamber, mean values
were ottained from which.Figures 9 and 10 were drawn showlog
the average relationshiPS'among*the test grouvps. The lines
representing Ooland ;50 C:emvironmehtal conditions are nut

continuous due to the fact that during some half-hour
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birds which were exposed to =5 C amblent tamperatures.
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This caused a marked change in the average as shown,

Oxygen consumption was consistently higher during

to cold than at ﬁhe beginning of the experimenﬁ.

The temperature of the body in Chlmney Swifts lg defi-
nitely related to the temperzture of the environment, Two
birds were subkjected to various stages of cooling for
shorter periods of time, EBach time the amblent tempsraturs
was lowered, the bird's body btemperature dropped untll the
bird's temperature had fallen &t least 10O C (Fig. 11).

In order to obtain & relatlonshlip between Usdy temper=

attre and environmental temperature, a mean Lody Leupere

ature was obtalned for each degree of environmental tenpei=
, 0 B R e
ature from -50 C %0 33 C.,. The data for esach bwilrd ware

examined and a mean body temperature was computed for sach
degree of ambient temperature availadle in that par ﬂcular
bird's data.. Nc bird temperature reading was included ix
compi ling these mean values if the body tempeﬁeLu WEE
changing merkedly, These various means were then used 4o
doetermine the mean body temperature of the btest animsls at
gach degree of amblent temperature. Figure 12 shows the
relstionship tetween ambient température and wean body
temperature,

The l1line dfawn in this figure was obltaimed by the
Method of Least Squares. The straight lines is inseried

among the points so that the sum of the squarss of the
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vertlecal deviations of these mean values from the 1line isg
a minimum., The equation of this simple linear regression

line is
TB - blTA + bo

where‘bo = 20,4 and hi = 0.64'ﬁ These'values of slops and

1nte rcapt. were obt ained ng the Ahbre“ﬁs ted Doolitils
‘Method as ocutlined vy Ostle (19 'Tthough the bird's

temperature drops with decweasiﬂg emblen ternperature, it

W
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does not: drop an fast as does the environmental temperature
This causes the slope of the line to be less than unity
_ The rate of warming of the torpid bird was approxi-
mately O 6 C/min when exposed to room temperature. This
value may ‘Ye compared with that reported by Bartholomew
betral (1957).of about o.49vc/m1n for the Walte-throated
Swift. - o | . |
Lowered environmental temperatures raised the oxygen

oonsumption,until -k torpid state was- reached at which time
the rate of oxygen consvmption dropped markedly. '

| The data for each bird were examined and a mean Oxygen
consumo*ion figure wos- oomputed for each degree of amblient
}temperature. The extremely high peaks cauged by the rapld
change in the envirohmehtad temperature were not considered
in'compilihgrthese*meamvvalues; The variOuermeans were then
used'to_determine the mean oxygenvoohsumption'of the birds
| at.each degree of ambient temperature; Figure 12 shows the
relatiohship between mean oxygeh oonsumptiOn and environ-
~-mental temperature., As the ambient temperature dropped,
tte okYgen required rose, However,.as &: condition of torpor
waS'reached’hy gome of the birds, the oxygen consumption
dropped again, |

‘ The: curved line*drawh in this figure was placed so

'that’thelsum of the»squares of the vertical devliations of |
these mean values from‘the'line is a minimum., The equation

- of this“quadraticfregreSsion/line is

€ =By + BiTy + B11T52,
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where B, 5‘11.7, By ¥ 0,08, and By; = =0.01, These values
were obtained usingfthevabreviated Doollttle Method as
outlined by Ostle (1963).

The:aﬁerage oxygen consumptipn during a state of
torpidity-was*approximétely'3.9 cc 02/gm/hr as compared with
an_average-of.approximately'4.9 ce Og/gm/hr ot room temper-
ature'at“the*beginningrpf thé experiments; One bird (103
1101020) réquifed_only 0.54 ce Cz/gm/hr‘while in a torpid

state,. IT thése,valuesvare compared‘ﬁith lizards (1.13 to
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.21 ceo ng@m/hr) ag cited on page 5, it would seen Thai
swifts in a torpid state appfoach'or actualy reach tempo-
rary(poikilothefmys

The mean weight of swifts in this*invéétigatidﬁ wa.s
21,0 grams;,'Accofding to Prosser and Brown (1961) the
caloric value of oxygen 1s 4,74 Cal/l Oy, Using this
conversion factor and the mean welght, the average basal
metabolic rate in Gal/dayxcan'befcalculated. In order %o
obtain an accurate_valﬁe of oxygen consumpﬁioﬁ for birds at
ambilent temperatures}of above 309 C (normal summer temper=-

ature), the mean values used in the construction of Figure

-

13 were used,. The mean value of oxygen consumpitiocy of
swifts at amblent température'above 30° C was calculated to
be 2,9 cc Op/gm/hr, This gave a metezbolic rate of 6,93
Cal/day at: normal summer temperatures, which is sliightly
smaller than that predicted for wild birds by Brody and
Proctor (1932). According to this equation, clted in the

Review of Literature (page 6), the wetabolic rete of a

ghips in larger birds and algo cited on pege 6, gives a
metabolic rate of only 4.20 Cal/day for a 21,0 gram bird.
The metabolic rete during torpor (calculated with the
data fron bird lOB—IOlOEO) was l.29 Cal/day. This hird,
with a reserve equivalent to.one normail day at rest, could
survive more than 5 days in a state of torpor. This could

easily account for any abllity of these birds to survive =



week of cold inclement weether when thelr food suprcly was

not aveallable, However, torplidity during the entire winter
(hibernation) is probably not usual, &t the rate of msiab-
olism during torpor of 1.29 Cal/day and assuming the maximum
metabolié rate (predicted by thé Brody Proctor egquation) of
7.51 Cal/day, a bird would require a metabolic reserve
eQuivaient*tO'over 32 dayS'in order to remain torpid from
October tQ April, Birds were examined internally during ihe
summer, but none of the blrds examined showed any brown fab
of reserve fat. It may be possible for swifts to remaln
torpid during the winter months; but torpidity for this long
pericd is highly improbaisle, There was a great deal of
variability shown in the reaction of ewlfts to cold,
however, and some birds doubtlesgs have greater cagacitles

in remaining torpid then others.



CHAPTER V
SUMMARY AND CONCLUSIONS

Chimney Swifts.Were placed in a metabolic chamber and
cloacal temperature, environmental temperature, and oXygen
consumption were recorded for various environmenoml temper~
atureS'(-S 5 0 °, 5 10o and 25 C). The Pbirds were held
80 that novement around the chamber was impossible,

Chimney Svifts were found b exhib it a conditim whieh
is far from homeothermous. The body temperature of bhess
anime.ls changed almost immediately with lowered amblient
'temperature,'and a direct relationsnip existed between
environﬁentalband body temperatures;’ The slope.of:the Line
representingfthis'relationShip was 0,64, The range of body
temperatures in,this investigation was 41,0° ¢ to 10.70 C
with Qne'bird showing»slight struggling movements at 5.60 C
and falling to 3.00 c before‘removal from the chamber. Thils
bird subsequently died, EOWever. At ambient temperature of
30° ¢, £he arerage of the birde"body temperatures was near
40° C, while at 0° ¢ ambient temperature, the average body
temperature dropped to 20.,5° C.

A state of torpor Wwa s demonstrated 1n this spe C¢ee.
When these blrds were subjected to_cold; their body tempsr-

ature dropped: and eventUally the state of torpor was evident.

51
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atures, however, the bird began to bresihe sl

graduslly returned to & lively condition,

temperature foll, When a state of GO?pOF WES . I

however, the rate dropped and was: approximately

K

One bird in a torpid stmua required oxyoen su

rate of 0,54 cc/gm/hr.

In recovery from torpor, the rats of of the
bird wae approximately 0,5° C per minute,
T, undeyr mnatural circumstances, these bLirds -

faced with long periods of cold weather,
with only small amounts of mebtahollic reser

to the *mosmkewe is dbcreaqeﬂ as the 1*rc;v

follows the ambient temp r&uufG, and as &

"eaglly. Torpor during the entire winter monthe lg nol an

Ampossibility,



BIBLIOGRAPHY

Baldwin,. S .P,, and S C Kendeigh. 1932 Physiology of
the temperature of birds. Scl., Publ, Clsveland Mussum
-Nat. Hist., 3: 1-196,

Bartholomew, G. A,, and W, R. Dawson, 1954, Temperature
regulations in mourning dove., Ecology, 35:181-187.

, T. R, Howell and T, J. Cade. 1957. Torpidity in
the white-throated swift, anna hummingbird, and
poor-will, Condor, 59:145~155.

Beer, J. R., and A, G. Richards, 1956, Hibernation of the
brown bat. J. Mammal,, 37:31-41,

Bent, A C. 1940, Life histories of the North American
cuckoos, goatsuckers;, humnlngblrds and their allies,
U, S, Natl, Musy, Bull, 176,

Berger, A. J. 1961, Bird Study. John*Wiley and Sons, Inc.,
New York,

Brauner, J. 1952;"Reaotionsﬂof poor-wills-to light and
‘temperature. Condor, 54¢152-159,

Brody, S, 1945, Bioenergetics and growta. Reinhold Publ,
Corp., New York.

, and R. C. Proctor. 1932, Growth and development

with special reference to domestic animals, XXIII,

Relation Wetwesn basal metabolism and meature body
welght in different species of mammals and birds,

%issouri Univ. Agr. Exper. Sta,, Research Bull, 1&&:
9-101

Burbank, .R. C., and J. Z. Young. 1934, Temperature changes
‘and winter sleep of bats. J,. Physiol,, 821459,

Campbell, E, K., and D, Gampbell..l926. Roosting swiits,
'~ Bird-Lore, 28:395-396,

Dawson, ¥, R., and G. 8. Bartholomew. 1956, Relaticn of
oxyszen consumption to body weight, temperature, and
temperature acelimation in 1ltards Uta gtanshuriags
and Sceloporus occidenta11s. Physiol, Zool,, 29:40-51

33



34

Dawson, W, R,, and F, C, Evans. 1960, Relation of growth
: and development to temperature rsgulation in nesting
vesper sparrows, Condor, 62:329-340,

. and H. B, Tordoff, 1959, Relation of oxygen consump-
tion to témperature in the evening grosbeak, Condor,

- 61:388-396, - '
s and ‘ 1964, Relation of oxygen consumption to
- temperature in the red and white-winged crosshills,
“Auk, 8l:26-35,

‘Fiseher, R. B, 1958, Breeding biology of the chimney swift

» Chaetursa pelagics (Linnaeus), New York State Mus. and -
Science Serviece, Bull, 368. The University of the
State of New York,

- Gerdner, L, L. 1930, On the body temperature of nestling
-altricial birds. Auk, 47:367-379.

Hock, R, J. 1951, The metabolic rates and body temperatures
of bats. Biol, Bull,, 101:289-299, '

Howell, T. R,, and @, A. Bartholomew, 1959, Further exper-
iments on torpidity in the poor-will, Condor, 61t
180-185, :

", and W, .R. Dawson. 1954, Nest temperatures and
attentiveness: in the anna hummingbird. Condor, 56:

Huggins, R, A, 1941, Egg temperatures: of wild birds under
natural conditiona, Ecology, 22:148-157,

Huxleyy, J. S., C. S, Webb, and A, T. Best, 1939, Temporary
poikilothermy in birds. Nature, 143:683-684,.

Irving, L, 1955. Noeturmal decline in the temperature of
birds in cold weather. Condor, 57:362-365,.

. , and J.'Krog. 1956, Temperature during the develop-
ment of blrds in aretie nests, Physiol, Zool., 29:
195-205,

Jaeger, E. C, 1948, Does the poor-will “hibernate™? Condor,

. 1949, Further observations on the hibernation of
the poor-will, Gondor, 51:105-109,

ccooow, 1954, Bird that "sleeps" all winter, Desert Mag.,
17:21-22, ) .



Koskimies, J, 1948.. On temperature regvlation and mbuabOWism
in the swift, Hleopus apus L., dariﬂg fagting,
mxpefientia 4 274~27o.

+ 1950, The life of the swift, Miecropus apug L., in
relation to the weather, Ann, #Acad, Sci, Fennicae Ser,
I IV“ 15:1-151, :

- Lack, D, 1956, A’ review of the. genera and nesting habits of
sw1fts. Auk T3:11-32,

 Landau, B. R., and A, R, Dawe: 1958, Respiration in the
hibsrnation of the 13-~lined ground squirweu. Amer,
J. Physiol,, 194:75-82,

Lasiewskl, R, C. 1963, Oxygen consumption of torpid,
resting, aetive, and flylng hummingbirds, Physiocl,
Zool,, 36:122-140,

Marshall, A, J. 1960, Biology and comparative physiology
of birds Vol, I, Academic Press, New York,

‘e 1961, Biology and comparative physiology of birds
Vol, II, Academic Press, New York.

Marshall, J., T., Jr. 1955, Hibernation in captive goat-
suckers. Condor, 57:129-134,

McAtes, W, L. 1D47, Torpidity in birds. Amer, Midl, Nat., .
331191206,

Miller, A, H. 1950, Temperatures of poor-wills in the
summer season, Condor, 52:41-42,

Morrison, P. R 1947, An automatic apparatus for the
- determinatlon of oxygen consumption. J. Biol,. Chem.,
- 169:667=679. .

Ostle, B, 1963, Statistics in research, Ths Iowa Stane
University Press, Ames.

" Pearson, O., P. 1950, The metabollsm of aunmlrgbirds. Condor,
523 145-152

. 1953, Use of caves by hummingbirds and other speciles
at high altitudes in Peru. Condor, 55:17-20.

Pembry, M. S., M, H, Gordon, and R, Warren., 1895. On the
regponse of the chick, before and after hea tchln@, to
change of external uemperature. J. Physiol, (Londeon),
17:331-348,

Prosser, C. L,, and F, A, Brown, Jr. 1961, Comparative
animal physiology. W. B, Saunders:Co,, Prlladelohia.

Al



Randall, W, C, 1943, Fachors infinencing
regulation of birds, Amer. J. Phys

Scbolamder, P, ., R. Hock, V. Walters,
1950, "Adaptation to cold in arctic
and birds in relation to body temps
and basal metabeollic rate, Biol, Bul

SlmDSOu,MS., and J, J. Galbraitih, 190 o An investigation
into the diurnal variation of the tody temperature
of nocturnal and other birds and a feu maQ“cls d e

Physiol., (London), 33: 223-L38

Stebbing, R. C. 1957, A further observation on Hforpldity
in the poor-will, Condor, 59:212,

‘Thorﬁurg, », 1953, Another hibernating poore-will, Cendor,
55 : 2740 )

Udvardy, M, D, F, 1954, Summer movements of black swifts in
relation to weather conditions, Condor, 56:2561-267,

. 1955; Body temperaturs of parids in the arctic
winter, Ornis Fenniea, 32:101-107,

———t———

Welty, J. C. 1962, The life of birds: W. B. Saunders Co.,
Palluaefphia.



VITA
Jed J. Ramsey

Doctor of Philosophy:

Thesis: SOME METABOLTC CHANGES IN CHIMNEY SWIFTS
(CHAETURA PELAGICA) AT LOWERED ENVIRONMENTAL
TEMPERATURES

Major Field: Zoology
Biographical:

Personal Data: Born near Dightom, Kansas, October 17,
1925, the son of R, Jed and Clara Elizabeth
Ramsey.

Education: Attended grade school near Amy, Kansas;
graduated from Lane County Community High School
at Dighton, Kansas, in 1042 received the Bachslor
of SBclence degree from the Kansas State University,
Manhattan, Kansas, with a major in Electricsal
Engineering, in August, 1949; received the Master
of Sciencs degree from the Kansas State Teaclhiers
College, Emporia, Kansas, with & major in Biclogy,
in August, 1962; completed requirsmernhs for the
Doctor of Pniloscuphy degree iwm May, 1966,

Profesgsional experience: Taughl in the High School
at Courtland, Xansas; from 1950 to 1960, and
in the High School & Minneapolis; Kansasg, from
1960 to 1963,

Honorary Societies: Member of Phi Sigma.



