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NOCTURNAL HYPOTHERMIA AND OXYGEN

CONSUMPTION IN MANAKINS

THERESA L. BUCHER
AND
ANDREA WORTHINGTON

ABSTRACT.—Red-capped Manakins (Pipra mentalis) and Golden-collared
Manakins (Manacus vitellinus), two species of small, frugivorous, tropical pas-
serines, showed facultative hypothermia and reduced oxygen consumption at
night. The lowest body temperature measured in M. vitellinus (30.5°C, when the
ambient temperature was 19.5°C) represents a reduction of more than 40% in the
difference between body temperature and ambient temperature. Under these cir-
cumstances, a reduction of more than 40% in the rate of oxygen consumption
would also occur during the period of regulated hypothermia. Even moderate
hypothermia at ambient temperatures typical of the lowland tropics substantially
reduces the energy expenditure of a resting bird.

Hypothermia (lowered body temperature) has
been regarded as an adaptive response by an
organism to varying combinations of environ-
mental and internal conditions that cause
energy shortages either on a daily or a seasonal
basis. Such factors include (1) small size
because of the high mass-specific metabolism
associated with it and the inability of small
organisms to carry large energy reserves either
as fat or in the gut, (2) insectivory or nectariv-
ory and associated extreme fluctuations in the
availability of food and/or rapid passage of
food through the gut, (3) low ambient tem-
perature (T,), and (4) types of inclement
weather that prohibit foraging and/or increase
heat loss (see Bartholomew 1972, Hainsworth
and Wolf 1978).

Degrees of hypothermia have been docu-
mented in at least eight avian orders. In the
Caprimulgiformes and in the Apodiformes
(Trochilidae), body temperature (T,) may drop
below 20°C and sometimes approach ambient
temperature (even T,’s as low as 7°C). More
moderate nightly drops in T, to between 20
and 30°C have been reported in the Coli-
iformes, Columbiformes, Apodiformes
(Apodidae), and Passeriformes (Nectarinidae).
Diurnal cycles in normothermic T, are well
known, however, and it is not yet possible to
distinguish clearly between these cycles and
the varying degrees of nocturnal hypothermia
(T,’s as low as 30°C) reported in Cuculiformes,
Falconiformes, Strigiformes, and the passerine
families Nectariniidae, Hirundinidae, Paridae,
Ploceidae, and Fringillidae. (See Dawson and
Hudson [1970], Calder and King [1974],
Chaplin [1976], and Biebach [1977].)

In lowland tropical environments, ambient
air temperatures rarely drop more than

15-20°C below the T, of normothermic birds.
Since the rate of heat production in endo-
therms is proportional to the difference between
T, and T,, a decrease of 8-10°C in regulated
T, would decrease this difference by half and
would yield an energy savings of about 50%
during the period of hypothermia. Such fluc-
tuations in T, have been reported in the
Smooth-billed Ani (Crotophaga ani) in Pan-
ama (Warren 1960) and several Brazilian
hummingbirds (Morrison 1962).

We document here similar low nocturnal T,’s
in two species of small, tropical passerines, the
Red-capped Manakin (Pipra mentalis) and the
Golden-collared Manakin (Manacus vitelli-
nus). These birds are common in the under-
story of second-growth forests in Panama and
are almost entirely frugivorous. Because food
passes through their gut very rapidly (in about
18 min), their feeding bouts are brief but fre-
quent throughout the day (Worthington, in
press). Thus, manakins are vulnerable to daily
and seasonal food shortages (Foster 1977;
Worthington, in press). Vleck and Vleck (1979)
suggested that manakins may reduce their rest-
ing metabolic rate to ameliorate the effects of
such energy shortages. Our study was under-
taken to examine this possibility, and our data
demonstrating hypothermia and associated low
metabolic rates support their suggestion.

MATERIALS AND METHODS

Birds were mist-netted on Barro Colorado
Island, Panama (9°N, 80°W). Three individ-
uals (1 8 and 1 ¢ P. mentalis, 1 @ M. vitel-
linus) were maintained in captivity for at least
one week before we measured their rates of
oxygen consumption (Vo,). On some occa-
sions an individual was fasted from noon until
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FIGURE 1. Metabolic rate of a resting M. vitellinus at FIGURE 2. Metabolic rate of a resting P. mentalis at

T, =26 £ 1°C. Arrowheads on the ordinate indicate pre-
dicted levels of metabolism based on the bird’s mean mass
during experiments performed at night and during the day.
The number to the right of the species name is the max-
imum mass recorded for the bird. Other values in the figure
are the mean masses of the bird during each particular
experiment.

the beginning of nighttime measurements of
Vo,. To determine Vo,’s we put the birds in
a plexiglass respirometer covered by a dark
cloth and insulated by a styrofoam box. Dry,
CO,-free air was drawn into the chamber, and
CO, and H,O vapor were absorbed from air
leaving the chamber with Ascarite and Drier-
ite, respectively. Flow rates from 90 to 215 ml
min~! were used. Fractional oxygen concen-
tration was determined from air sampled con-
tinuously downstream from the flowmeter and
passed through an Applied Electrochemistry
S3A Oxygen Analyzer. The system was anal-
ogous to that described by Withers (1977), and
we calculated Vo, using his equation 4a.

Before and after each experiment, birds were
weighed using a Pesola scale, and T, was taken
cloacally with a thermocouple probe and a Bai-
ley Bat-8 digital thermometer. T, in the res-
pirometer was measured by a thermocouple
thermometer. The chamber within its styro-
foam container was in an air-conditioned room,
and chamber temperature was determined by
room temperature except for one occasion
when the chamber was placed in an ice bath
and T, stabilized at approximately 17°C.

T, and body mass of these three and of other
caged and mist-netted individuals were mea-
sured on several occasions during the day and
in the middle of the night. In order to avoid
any possible effects of long-term captivity, we

T, =26 £ 1°C (lower traces) and at T, = 16.7°C (upper
trace). Symbols as in Figure 1. The time when an unin-
tentional, loud disturbance occurred in the laboratory is
noted.

once netted six individuals (three of each
species) at noon and kept them in captivity
without food for the remainder of that day and
night. We measured T, and body mass at mid-
night and at dawn the following day in these
freshly-caught and fasted individuals.

RESULTS AND DISCUSSION

At T, of 26 + 1°C minimal nighttime Vo, was
77.5-95.0% (Manacus, Fig. 1) and 53.5-89.6%
(Pipra, Figs. 2 and 3) of nighttime rates pre-
dicted by the allometric equation of Aschoff
and Pohl (1970) for passerine birds within
thermal neutrality. Our lowest values were
similar to the lowest values reported by Vleck
and Vleck (1979) for M. vitellinus at T, = 30°C.
However, on the average our values were lower
than theirs, probably because our experiments
were done in a completely quiet laboratory,
whereas birds studied by Vleck and Vleck
(1979) may have been subject to some distur-
bance. Even slight disturbance usually caused
an immediate, but transient increase in the Vo,
(Fig. 2). In three individuals, Vo, was mea-
sured both when the birds had had access to
food all day and when they had been fasted
from noon until the experiment began in late
afternoon or during the night. In each case the
lowest Vo,’s occurred after the birds had been
fasted. We cannot say whether this was a direct
response to the fasting or was related to reduced
energy stores associated with fasting. It is note-
worthy that in the fasted and non-fasted man-
akins, Vo, spontaneously increased to similar
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FIGURE 3. Metabolic rate of a resting P. mentalis at T, = 26 + 1°C. Symbols as in Figure 1.

daytime levels as dawn approached. In one
Pipra a lower T, (16.7°C instead of 26°C)
resulted in an increased Vo, (Fig. 2), a response
typical of homeothermic endotherms. T, was
37.5°C at the end of this experiment. If this T,
was constant throughout the experiment, the
difference between T, and T, was increased by
about 80%. If one assumes that both 26°C and
16.7°C are below thermal neutrality, then an
increase of 80% in Vo, would be expected and,
in fact, was measured.

The Vo, of the one Pipra male was measured
on two occasions after the individual had been
fasted and was substantially lower when the
weight of the bird was lower. The individual
maintained a low (58% of predicted) but con-
stant Vo, for over 3% h and then it abruptly
died (Fig. 3). The bird’s immediately recruit-
able energy reserves may have been depleted;
its fat content was a third of that normally
found in this species (Worthington, unpubl.
data). During the experiment, the manakin was
removed from the chamber, a T, 0f 32.2°C was
recorded and the bird was returned to the
chamber. Its eyes were closed, its feet clenched,
feathers fluffed, and it was not normally
responsive. However, a T, of 32°C is not nec-
essarily lethal since two other individuals had
similar T,’s at midnight and were normally
active the next morning (see Table 1).

Recorded daytime T,’s ranged from 38.2 to
43.5°C in Manacus and from 39.4 to 44.0°C

in Pipra. At midnight, T,’s were quite variable
in both species (Table 1). The data are not
appropriate for statistical analysis owing to the
small sample size and the narrow range of T,’s
at which most measurements of T, were taken.
However, T, and either the relative weight or
the feeding history, or both, appear to affect
the T, that a manakin maintains at night. In
both species, T, was sometimes substantially
reduced at night either in birds that were fasted,
were exposed to low T,’s, had a relatively low
body mass, or experienced any combination
of these factors.

The conditions that appeared to elicit
hypothermia in our birds occur naturally and
are ecologically realistic. Associated with trop-
ical frugivory in these species are many of the
environmental conditions and physiological
traits that may result in daily and/or seasonal
shortages of food. During the last half of the
rainy season in central Panama (Aug.—Dec.),
fruit production is low and the foraging eftec-
tiveness of manakins drops because the birds
are feeding on widely dispersed understory
plants with small individual fruit crops. On
Barro Colorado Island, most heavy storms,
lasting 4 h or more, occur in the afternoons.
Manakins do not feed when it rains. The
absence of male lek behavior and of females
with begging young during this time of year
suggests that itis a period of limited food avail-
ability (Worthington, in press). Furthermore,
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TABLE 1. Body temperature, ambient temperature and body mass of individuals whose midnight T, was recorded.’
Maximum
m%";&‘;"d Midnight Morning
mass Ty T, Mass Ty Ta Mass
® O ® cC) (€3]
Manacus vitellinus
Q 15.3 38.6 26.0 14.7 42,2 25.4 14.0
37.7 26.5 - - - -
Q 16.5 38.0 26.0 15.3 43.2 25.0 14.6
Q! 18.1 38.0 25.5 15.8 40.2 25.5 15.2
Q 17.4 37.8 28.0 - 43.0 29.3 -
36.5 27.4 — - —_
30.5 19.5 12.7 - - 12.3
Q! 17.3 37.2 25.5 15.1 41.8 25.5 14.8
Q! 17.0 36.7 22.5 15.5 40.4 23.7 14.7
Pipra mentalis
Q 13.8 40.0 26.6 13.3 — - -
37.0 26.0 12.6 - - 11.5
? 13.4 38.0 28.0 - - - -
37.2 26.5 11.5 - - 11.5
29.0 16.4 12.4 - _ —
¢! 14.2 38.0 25.5 12.3 42.8 25.5 —
8 13.7 37.8 28.0 - 42.2 29.3 -
322 25.0 11.1 died — -
@! 13.1 35.7 25.5 11.3 40.1 25.5 11.3
¢! 13.0 334 25.5 11.7 39.4 25.5 11.3
¢ 14.1 322 21.5 — — — 12.4

! Individuals caught at noon one day, fasted and released the foliowing morning. Other individuals usually were kept in captivity for several days.
2 Morning T, was measured between 06:00 and 07:00. Individuals for which there are no morning values were normally active except for one individual

that died.

on Barro Colorado Island air temperature may
drop to or below 15°C at night (Croat 1979).
Under environmental conditions such as
these, several traits of manakins increase the
likelihood that they may experience energy
shortages. These include (1) their relatively
small size (Table 2) and associated high mass-
specific metabolism and inability to store sub-
stantial amounts of fat, (2) the short time
required for food to pass through their gut
(associated with frugivory) and their inability
to store substantial amounts of food in the gut,
and (3) the possibility of plumage wetting and
concomitant increased rates of heat loss.
Thus, fat storage and food storage, two major
mechanisms for energy storage and/or conser-
vation used by birds faced with daily or sea-
sonal restrictions in the availability of food,

TABLE 2. Body mass (g) of wild manakins mist-netted
from August 1978 through December 1980. There are no
statistically significant seasonal trends in mass.

Average? Maximum Minimum

Pipra mentalis

48and ¢ ¢ 142+ 1.3(126) 16.5 12.0
Manacus vitellinus
33 18.6 + 1.3(57) 23.7 16.7
99 169 + 1.7(78)  20.5 147
2 +SD (n).

are not feasible for manakins. This leaves
hypothermia as a possible mechanism for
energy conservation in these birds. In free-liv-
ing hummingbirds, hypothermia has been cor-
related with reduced feeding opportunity
(Calder and Booser 1973). Fasting has been
shown to induce nocturnal hypothermia in
captive birds of several orders: Coliiformes,
Columbiformes, and Caprimulgiformes
(MacMillen and Trost 1967, Bartholomew and
Trost 1970, Peiponen 1970). African sunbirds
exposed to low nocturnal temperatures showed
large drops (5-17°C) in T, at night (Cheke
1971). Therefore, it is not surprising to find
similar responses to similar stresses in man-
akins.

The most salient aspect of hypothermia in
manakins is its occurrence in tropical passerine
species at T,’s that are less extreme than those
in most other reported instances of avian
hypothermia. We emphasize that even at these
T.’s, lowering T, by the magnitude seen would
result in a substantial energy savings for a rest-
ing bird. As more physiological studies are done
on tropical species, moderate nocturnal
hypothermia may prove to occur more com-
monly than is currently realized.

ACKNOWLEDGMENTS

This study was supported in part by N.S.F. Grant 78-
03174 administered by G. A. Bartholomew and in part



HYPOTHERMIA AND OXYGEN CONSUMPTION IN MANAKINS

by an N.S.F. predoctoral dissertation improvement grant
DEB77 28129 (Worthington). We wish to thank G. Bar-
tholomew and G. J. Kenagy for constructive criticism of
earlier drafts. We are grateful for the use of the excellent
facilities of the Smithsonian Tropical Research Institute
at Barro Colorado Island, Panama.

LITERATURE CITED

AscCHOFF, J., AND H. PoHt. 1970. Der Ruheumsatz von
Vogeln als Funktion der Tagezeit und der Korper-
grosse. J. Ornithol. 111:38-47.

BarTHOLOMEW, G. A. 1972, Aspects of timing and peri-
odicity of heterothermy, p. 663-680. In F. E. South,
J. P. Hannon, J. R. Willis, E. T. Pengelley and N. R.
Alpert [eds.]}, Hibernation and hypothermia, perspec-
tives and challenges. Elsevier, New York.

BartHOLOMEW, G. A., AND C. H. TrosT. 1970. Temper-
ature regulation in the Speckled Mousebird, Colius
striatus. Condor 72:141-146.

BiesacH, H. 1977. Reduktion des Energiestoffwechsels und
der Korper-temperatur hungernder Amseln (7Turdus
merula). J. Ornithol. 118:294-300.

CALDER, W. A., AnD J. Booser. 1973. Hypothermia of
Broad-tailed Hummingbirds during incubation in
nature with ecological correlations. Science
180:751-753.

CaLDER, W. A, AND J. R. KiNG. 1974. Thermal and caloric
relations of birds, p. 343-353. In D. S. Farner and J.
R. King [eds.], Avian biology. Vol. 4. Academic Press,
New York.

Cuaruin, S. B. 1976. The physiology of hypothermia in
the Black-capped Chickadee, Parus atricapillus. J.
Comp. Physiol. 112:335-344.

CHEKE, R. A. 1971. Temperature rhythms in African mon-
tane sunbirds. Ibis 113:500-506.

Croar, T. B. 1979. Flora of Barro Colorado Island, Pan-
ama. Stanford Univ. Press, Stanford, CA.

Dawson, W. R., anp J. W, Hubson. 1970. Birds, p.
287-297. In G. C. Whittow [ed.], Comparative phys-

331

iology of thermoregulation. Academic Press, New
York.

FostERr, M. S. 1977. Ecological and nutritional effects of
food scarcity on a tropical frugivorous bird and its
food source. Ecology 58:43-85.

HainsworTH, F. R., aND L. L. WoLF. 1978. The econom-
ics of temperature regulation and torpor in non-mam-
malian organisms, p. 147-184. In L. C. H. Wang and
J. W. Hudson [eds.], Strategies in cold: natural tor-
pidity and thermogenesis. Academic Press, New York.

MaAcMILLEN, R. E., anp C. H. Trost. 1967. Thermoreg-
ulation and water loss in the Inca Dove. Comp. Bio-
chem. Physiol. 20:263-273.

Morrison, P. 1962. Modification of body temperature by
activity in Brazilian hummingbirds. Condor
64:315-323.

PeipoNeN, V. A. 1970. Body temperature fluctuations in
the Nightjar (Caprimulgus e. europaeus L.) in light
conditions of southern Finland. Ann. Zool. Fenn.
7:239-250.

VLECK, C. M., AnND D. VLECK. 1979. Metabolic rate in five
tropical bird species. Condor 81:89-91.

WARREN, J. W. 1960. Temperature fluctuation in the
Smooth-billed Ani. Condor 62:293-294.

WITHERS, P. C. 1977. Measurements of Vo,, Vco,, and
evaporative water loss with a flow-through mask. J.
Appl. Physiol. 42:120-123.

WORTHINGTON, A. In press. Population sizes and breeding
rhythms of two species of manakins in relation to
food supply. In E. G. Leigh, Jr., A. S. Rand, and D.
M. Winsor [eds.], The ecology of a neotropical forest:
seasonal rhythms and longer-term changes. Smith-
sonian Institution Press, Washington DC.

Department of Biology, University of California, Los
Angeles, California 90024. Address of second author:
Department of Zoology, University of Washington, Seat-
tle, Washington 98195. Received 23 May 1981. Final
acceptance 4 February 1982.



