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ABSTRACT 

The metabolic response, thermoregulation, and water 

balance of two sahuaro tree-hole dwelling birds in the 

Sonoran Desert in southern Arizona, the gilded flicker 

(Colaptes aurabus) and Gila woodpecker (Centurus uropygalis), 

were analyzed employing a Beckman G-2 oxygen analyzer in an 

open-circuit system. 

Cola.ptes auratus, the species with the more extreme 

and high latitudinal distribution of the two compared, (1) 

undergoes insulative acclimatization in response to the onset 

of colder temperatures of winter, and (2) does not exhibit 

change in standard metabolic rate with season. In contrast 

the Gila woodpecker, the more tropical form, exhibits (1) 

acclimatization at thermoneutrality where the standard meta

bolic rate for this species is higher during the winter, but 

(2) did not show acclimatization below thermoneutrality. 

Both the summer and winter samples of Gila wood

peckers evaporated greater quantities of water than did 

flickers during thermoregulation in maintaining body tem

perature below ambient temperature. At high ambient tem

peratures the flicker lost less water, but the body 

temperature was higher than that of the Gila woodpecker. 

xi 
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Both species used the sahuaro (Cereus giganteus) 

tree-hole to escape the harshest aspects of their desert 

environment during the summer and winter. 



INTRODUCTION 

The effect of changing seasons on the metabolic 

responses and evaporative water loss' of two cactus tree-

hole dwelling birds, the gilded flicker (Colaptes auratus) 

and Gila woodpecker (Centurus uropygalis), are analyzed. 

An estimate is made of the role of the sahuaro tree-hole 

in the energy budget of these two woodpeckers in the Sonoran 

Desert in southern Arizona. 

The two genera (Colaptes and Centurus) have geo

graphical ranges that widely overlap. Specifically, the 

ranges overlap in much of the United States and Mexico, 

and in Central America. While the flicker Colaptes ayiratus 

ranges widely throughout North America into Alaska, the 

more southerly woodpeckers of the genus Centurus do not 

reach much farther north than the Canadian border. This 

is an important distinction relevant to their comparative 

physiology and evolution. 

In their broad distribution, flickers of the sub

genus Colaptes appear to be limited primarily by the lack 

of suitable nesting sites (trees). The subgenus Colaptes 

is comprised of the single species C. auratus distributed 

over most of North America and in mountains of Central 

America (Phillips, Marshall, and Monson, 1964; Short, 1965). 

1 
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There are 11 subspecies in C. auratus recognized by Short 

(1965: Fig. 1) who further treats the 11 as representing 

five "subspecies groups." One of these groups of sub

species ("chrysoides groups") contains the taxon under 

study here - C. a. mearnsi and three other subspecies that 

are distributed in Sonora - Sinaloa (tenebrosus) and in 

Baja California (brunnescens and chrysoides). This group 

of four subspecies to which mearnsi belongs are distributed 

primarily in the Sonoran Desert within Merriam's Lower 

Sonoran Life-zone. 

In the Lower Sonoran zone, the gilded flicker 

(mearnsi) preferentially places its excavations in the 

giant sahuaro cactus (Cereus giganteus). Gilman (1915), 

working in Arizona, estimated that 90 percent of the flicker 

nests could be found in sahuaros. Within paloverde-sahuaro 

communities, the flicker prefers areas with open ground 

(Short,' 1965; and personal observations), and I have ob

served also that much time is spent feeding on the ground. 

Where the flicker and Gila woodpecker occur together within 

paloverde-sahuaro habitats in the Arizona Upland desert, the 

Gila woodpecker often occupies microhabitats with denser 

vegetation and but rarely works on the ground. 

The Gila woodpecker, the second species investi

gated here, inhabits the arid regions of the southwestern 

United States, Baja California and ranges into Mexico west 
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of the Sierra Madre Occidental to as far south as the state 

of Jalisco (Selander and Giller, 1963). Mild winters and 

generally wet, hot summers are also met by the other 

species in the genus, which extend throughout the woodlands 

of southeastern United States (C. carolinus) the deciduous 

woodland of Texas and the Mexican plateau (C. aurifrons), 

Central America and into South America (C. hoffmani and C. 

rebecapillus). Centurus uropygalis and C. aurifrons come 

into contact at the southern tip of the Sierra Madre in 

western Aguascalientes and central Jalisco (Selander and 

Giller, 1963). 

In southern and western Arizona the Gila woodpecker 

•is a common resident of the Lower Sonoran zone (Phillips, 

Marshall and Monson, 1964), i.e., in desert scrub, and as 

the flicker in this region, preferentially places its 

excavation in the sahuaro. The sahuaro cavities, in addi

tion to providing a sanctuary for rearing of young are used 

for retreat during adverse climatic conditions in both 

winter and summer. 

The effects of seasonal changes on physiological 

response (=acclimatization) in birds are not well known. 

The literature contains few references to acclimatization 

in birds and none on species which inhabit the arid regions 

of the world. West (1962) provided an excellent review of 

the metabolic responses of birds to natural and laboratory 



produced environmental conditions. Hart (1962) presented 

significant evidence of acclimatization in four species 

of common Canadian birds, the house sparrow, starling, 

pigeon and evening grosbeak, and found a higher metabolic 

rate in the cold acclimatized animals, metabolic accli

matization. 



MATERIALS AND METHODS 

Dates of Work 

The cold season portion of this investigation took 

place during the winter of 1968 (January 21 - February 28) 

and 1969 (January 13 - March 1). The data were pooled as 

no significant (P ̂ .05) differences existed in any of the 

physiological parameters tested during the two winters. 

The collection of "summer birds", and the measurements1 of 

the physiological characteristics were made during the 

period July 11 to July 30, 1968. 

Collecting Wild Birds 

The birds for this study were collected from two 

localities in the vicinity of Tucson, Pima County, Arizona. 

At one of the sites, near the junction of Soldier's Trail 

and the Mt. Lemmon highway at the base of the Santa Catalina 

Mountains, both species were collected in a dense stand of 

the giant columnar cactus (Cereus giganteus). At the other 

site, 2.0 miles west of the junction of Grant and Silverbell 

roads on Ironwood Hills Drive in the foothills of the Tucson 

Mountains, sahuaros grow in a mixed contigent of paloverde 

(Cercidium) and creosote bush (Larrea). Both species were 

also obtained there. 
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Early on the day of collection the prospective areas 

were surveyed for sahuaros with good roosting holes as evi

denced by wear around the entrances to the cavities. One 

hour before sunset birds were observed as they entered holes 

for the night. After a bird entered and remained in a 

cavity, the sahuaro was marked for return after dark. A 

28-foot extension ladder, extended to the proper length, was 

placed gently against the sahuaro in an attempt not to dis

turb the sought-after bird within its roosting sanctuary. 

The gilded flickers vacated the sahuaro tree-holes 

with very little urging. Just placing a hand over the hole 

was often enough to awaken the bird, and cause an immediate 

attempt to escape. The Gila woodpecker, however, displayed 

a definite unwillingness to leave the roost when disturbed, 

showing a greater affinity for the protection of the hole as 

opposed to escape into the night. A flashlight bulb on the 

end of a flexible cable extended into the cavity suffi

ciently startled the birds into leaving the night roost. 

Both species were caught bare-handed as they attempted to 

leave the hole. 

After capture the birds were returned to the lab

oratory, weighed, and color banded for future identifica

tion. This first weight in the laboratory is the "field 

weight" referred to in Table 7 (page 40). Fresh field 

samples were collected each season. 
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Maintenance of Wild Birds 

The birds were maintained in an outside aviary in 

individual cages, 12" by 12" by 24", where they were ex

posed to a natural photoperiod and natural climatic condi

tions at Tucson, Arizona. Within their individual cages 

the birds had access to shelters constructed from heavy 

cardboard mailing tubes providing an escape from seasonal 

rains and winter cold. 

The birds, in captivity, were fed sufficient quanti

ties to maintain their body weight and had water ad libitum. 

The main foods supplied were mealworms (the larvae of 

Tenebrio) supplemented by pyrocantha berries, fruits of the 

sahuaro and prickly pear (Opuntia engelmanni) when in sea

son. 

Oxygen Consumption, Evaporative Water Loss, 
and Body Temperature 

Oxygen consumption, evaporative water loss, body 

temperature and chamber temperature were measured simul

taneously utilizing the system illustrated in Fig. 1. 

Chamber and Ventilation 

Respiration chambers were constructed from new and 

unused one gallon paint cans. The lid of the can was 

fitted with three copper-tube ports: quarter-inch diameter 

intake and outlet tubes and a larger port fitted with a 

rubber stopper through which the probes passed for 



Fig. 1. Experimental system for ambient temperature 
and simultaneous recording of body temperature, oxygen con
sumption and trapping of respiratory water loss. 

A Dyna-Vac pump (A) provides the negative flow which passed 
through a large drierite column (B), through a submerged 
copper coil (C), and respiration chamber (D), in constant 
temperature circulating water bath (E), drierite column to 
trap evaporative water loss (P), soda lime to remove CO2 
(G), flowmeter (H), then channeled to a Beckman G2 oxygen 
analyzer and recorder (I). A valve (J) placed between the 
flowmeter and pump was the flow setting control for rate 
of flow through the system. A Leeds and Northrup 12 channel 
recorder (K) was used to monitor simultaneously body tem
perature and chamber temperature of four animals in separate 
chambers, and bath and room air temperature. 
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monitoring the chamber and body temperatures. The probe 

for monitoring chamber temperature was placed two cm below 

the lid surface. The circulation of air within the respira

tion chamber was from bottom to top. This circulation was 

made possible by an intake tube which extended to within 

two inches of the can floor and a short outlet tube. 

A negative pressure flow provided by a 3100 RPM 

Dyna-Vac suction pump ventilated the respiration chambers. 

The air entering the chamber was first passed through a 

3 0 by 6.7 cm cylinder to drierite (anhydrous calcium sul

fate) to remove the water vapor from the room air. The 

flow rates employed and the relative humidities that de

veloped inside the respiration chambers at the various 

experimental ambient temperatures are given in Table 1. 

The relative humidities were calculated according to the 

equation given by Lasiewski, Acosta and Berstein (1966): 

% R. H. = 100 SZX. 
2 

Where x = water vapor released (lost) by the animal 
(mg/min) 

y = flow (liters/min) 

2 = density of saturated steam at Tamv 
(mg/liter). 

The rate of ventilation of the respiration chambers 

was monitored by a Matheson Co. tubular flow meter, and 

controlled by a valve placed between the suction pump and 

flow meter (J in Pig. 1). All flow rates given in Table 1 



Table 1. Calculated relative humidities (% R.H.) and water vapor pressures (WVP) that existed 
in the respiration chambers at the various ambient temperatures used for oxygen con
sumption analysis (water loss = respiratory water loss of animals). 

All values given are means or derived from means. 

GILA WOODPECKER GILDED FLICKER 

Season Flow Rate 
Ml/Min 

Water Loss 
Mg/Min 

R.H. 
Q. t> 

WVP 
MM Hg 

Flow Rate 
Ml/Min 

VJater Loss 
Mg/Min 

R.H. 
O "o 

WVP 
MM Hg 

Summer 
Winter 

5 ' 687 
679 

3.748 
1.950 

80.2 
42.2 

5.2 
2.7 

767 
660 

4.528 
3.201 

86.8 
71.3 

5.6 
4.6 

Summer 
Winter 

10 571 
687 

4.755 
2.628 

88.5 
40.6 

8.1 
3.7 

687 
1044 

4.688 
3.841 

72.5 
39.1 

6.8 
3.4 

Summer 
Winter 

15 570 
636 

3.253 
2.716 

44.5 
33.2 

5.7 
4.2 

687 
887 

3.423 
4.333 

38.8 
38.1 

4.9 
4.9 

Summer . 
Winter 

20 573 
571 

3.589 
2.585 

36.2 
26.1 

6.3 
'4.6 

572 
629 

5.071 
4.143 

51.2 
38.1 

9.0 
6.7 

Summer 
Winter 

25 571 
572 

3.470 
3.608 

26.3 
27.4 

6.2 
6.5 

570 
571 

6. 623 
5.399 

50.4 
41. 0 

11.9 
9.7 

Summer 
Winter 

3C 570 
636 

3.588 
2.936 

20.7 
15.2 

6.5 
4.8 

570 
629 

5.985 
4.326 

34.6 
22.7 

11.0 
7.2 

Summer 
Winter 

35 571 
919 

5.920 
6. 055 

26.2 
16.6 

11.0 
7.0 

571 
882 

8.199 
10.889 

36.3 
31.2 

15.3 
13.2 

Summer 
Winter 

40 571 
883 

15.999 
12.781 

54.8 
28.3 

30.3 
15.6 

688 
883 

21.402 
26.710 

60.9 
59.2 

33.7 
32.7 

Summer 
Winter 

42 766 
1507 

23.752 
23.960 

54.9 
28.1 

33.8 
17.3 

939 
1506 

32.530 
34.049 

61.3 
40.0 

37.7 
24.6 
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are corrected to standard temperature and pressure (760 mm 

Hg and 0°C). 

Oxygen Consumption 

Oxygen consumption was measured with a Beckman G-2 

oxygen analyzer equipped with a Minneapolis-Honneywell Brown 

recorder which provided a continuous record of the oxygen 

depleted by the experimental birds. All analysis were per

formed on postabsorbtive birds at night during the normal 

resting period of the diurnally active birds. At neutral 

experimental ambient temperatures, four of the respiration 

chambers were placed in the water bath simultaneously. At 

the high and lower ambient temperatures, the chambers were 

placed in the bath two at a time, with the remaining birds 

resting in chambers at room temperature on a bypass flow 

equal to that used during analysis (Fig. 1). 

The first bird tested during the evening was not 

put on analysis until it had been in the water bath for at 

least one hour to allow it to become adjusted to ambient 

conditions as judged by stable body temperatures. In most 

cases the period of analysis was one hour. If, however, the 

consumption record yielded a straight line, the analysis 

was terminated after a good 3 0-minute record had been ob

tained. On many occasions when straight line records were 

obtained and the respiration chambers opened carefully, the 

birds were found asleep. 
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The lowest 3 0-minute period of the individual 

oxygen consumption records were used for the analysis of 

the percent oxygen consumed, as illustrated in Fig. 2. To 

reduce the oxygen consumption data from the analyzer record

er paper a baseline was drawn from the zero points at the 

start and the end of the consumption record. Secondary 

base lines were dravn to reduce the area under the curve to 

be planimetered when the deflections on the oxygen consump

tion record were large. A compensating polar planimeter 

integrated the area under the oxygen consumption curves. 

All records were measured by planimeter. A known portion 

of the record under the curve (0.1 percent 02/3 0 min), the 

area marked "check" in Fig. 2, was planimetered so a ratio 

could be set up between the known and unknown areas to de

termine the percent oxygen consumed per minute. When 

secondary baselines were drawn, the percent oxygen obtained 

by planimeter and the known percent ruled off by the sec

ondary baseline were added to obtain the percent oxygen 

consumed. The recorder paper was calibrated (known area 

planimetered) once for every four individual consumption 

records. 

With CO2 being trapped (by soda lime) before the 

flow meter but not measured and the flow rate monitored 

after passing through the respiration chamber, the rate of 

oxygen consumption was calculated according to the following 
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/ACHINGTOM, PA. 

Fig. 2, Sample oxygen consumption record with base
lines drav/n and 30-m.inute period ruled off that was used to 
calculate the oxygen consumption rate. 

See text for further explanation. 
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equation which is similar to equation 10 of Depocas and 

Hart (1957). 

"io2 . fEO2 
V02 - VE 1 - PJ0 

2 

Where Vn = oxygen consumption (ml/min) u2 

VE = volume of air flowing out of respiration 
chamber 

Fjq = fractional volume concentration of oxygen 
2 in air entering respiration chamber (20.93%) 

FE0O 
= FRACTI°NAL volume concentration of oxygen 

2 in air leaving respiration chamber, meas
ured by C>2 analyzer. 

The following is a sample calculation based on 

actual oxygen consumption data ending in the weight-specific 

oxygen consumption rate. 

fI02 
vo2 = VE 1 -

Where Vn 
°2 

= ml 02/min 

VE = 687 ml/min 

FIO2 
= 20.93% 

fE02 = 20.41% 

V°2 
= •2093 — 2041 

.7907 

Vq2 = 4.5177 ml 02/min 

The ml 02/min was then multiplied by 60 to give ml 02/hr 

(271.06 ml 02/hr) and divided by the weight (64.8 gm) to 

yield the weight-specific oxygen consumption rate (4.183 ml 

02/gm/hr)• 
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When the birds in the respiration chambers were 

exposed to differential temperatures (room vs. bath tem

perature) the weight loss was prorated over the respective 

time periods spent at each temperature using the weight 

loss rate at 25°C (room temperature) as the basis for the 

prorating. Prorated weights were used in all weight de

pendent calculation. 

The metabolic curves were divided into three parts: 

(1) the lower line, the lower portion of the curve where 

metabolism increased with decreasing ambient temperature; 

(2) the upper line, the upper portion of the curve where 

metabolism increased with increasing ambient temperature; 

(3) standard metabolism line, where metabolism did not 

change with changes in ambient temperature. The upper and 

lower lines were derived by the method of least squares. 

To determine the standard metabolism level, the lowest , 

oxygen consumption rate obtained was t-tested against the 

rates at ambient temperatures immediately above and below 

the lowest rate. If the t-tests indicated significant dif

ferences between the lowest rate and the levels at ambient 

temperatures above and below, it was called the standard 

metabolic rate. If, however, the difference between the 

lowest rate and the rate above or below were not signifi

cant, the nonsignificantly different rates were meaned to 

obtain the.standard metabolic rate. The upper, and lower 
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critical temperatures (the limits of the thermoneutral zone) 

were taken as the points where the least squares lines 

intersected the standard metabolic rate line. 

Evaporative Water Loss 

Dried air was passed through the respiration chamber 

containing the experimental animal during the period in 

which the animal was allowed to become quiescent prior to 

the time of analysis. Before the flow entered the chamber 

it passed through a copper coil submerged in the water bath 

to bring the incoming air to the temperature of the chamber. 

Evaporative water loss was measured by passing the flow 

from the respiratory chamber through a 30 by 2.2 cm cylinder 

of anhydrous calcium sulfate which trapped the respiratory 

water lost by the experimental animal. At the higher ex

perimental ambient temperatures (37.5-42°C) flexible heaters 

wrapped, around the polyethelene tubes leading from the 

respiration chambers to the drierite columns prevented the 

condensation of moisture in the lines. Blank runs and con

trol runs with known amounts of water released into the 

chambers checked the capacity of the anhydrous calcium 

sulfate (drierite) to trap water. The respiratory water 

lost was trapped only during the periods of oxygen consump

tion analysis. Weighing the drierite tubes before and after 

analysis to the nearest hundreth of a gram using a model 

K7T top loading Mettler balance gave the quantity of water 
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lost during respiration for an experiment. To calculate 

the respiratory efficiency it was assumed that 0.58 cal

ories were lost per mg of water evaporated and one ml C>2 

consumed equaled 4.8 calories of heat produced. The total 

heat lost by evaporation divided by the heat produced by 

metabolism times 100 yielded the respiratory efficiency 

value (Lasiewski, Acosta and Bernstein, 1966). 

The Dice-Leraas representations of evaporative 

water loss and respiratory efficiency and all other Dice-

Leraas representations were constructed with the mean, 

range and 95 percent confidence intervals (Simpson, Roe 

and Lewontin, 1963). The column headings on the reduced 

data tables (e.g.,. Table 2, page 22) are: Tamk = ambient 

temperature, NA = number of animals used, N = number of 

determinations, Mean ± S.E. = mean plus or minus one stand

ard error, 95 PC CON INT = 95 percent confidence interval, 

RANGE = range, T = t*-test between summer and winter values, 

P = significance at the five percent level, SIGN = sig

nificant, NS = not significant. 

Body Temperature - Chamber Temperature 

An American Instruments Company 50-gallon water 

bath served as an environmental chamber to obtain the 

necessary experimental ambient temperatures. The bath 

temperature could be controlled to a tenth of a degree 
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centigrade. A holding rack permitted four of the one-

gallon respiration chambers to be submerged in the bath 

simultaneously. 

The respiration chamber temperatures were monitored 

by employing Yellow Springs Instruments (YSI) large animal 

probes (#401) inserted through a rubber stopper positioned 

in a port of the chamber lid. The body temperatures of the 

experimental animals were monitored with the aid of YSI 

small animal probes (#402) inserted through the same ports 

as the chamber temperature probes. 

The body temperature probes were inserted through 

the cloacal orifice and into the large intestine to a depth 

of 4.5 cm for the gilded flickers and 3 cm for the Gila 

woodpeckers and fastened securely by tape to the rectices 

of the animals. On no occasion was there evidence of in

jury to the intestinal wall by probing. 

A Leeds and Northrup 12~point Speedomax W recorder 

facilitated the recording of body, chamber and bath tem

peratures. For the purpose of calculating a mean body 

temperature of an animal at a given ambient temperature, 

values were read from the Leeds and Northrup recording at 

five minute intervals for a one hour period. Included 

within this one hour were the 30 minutes prior to oxygen 

consumption analysis and the 30 minute period used to cal

culate the oxygen consumption rate. The mean body 
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temperatures reported here for a species at an ambient tem

perature are means of the individual animals means, i.e., 

mean of means. 

Routine on Day of Experiment 

The experimental routine began with feeding of the 

animals between 08:00 and 10:00 in their individual cages. 

On this schedule the birds maintained body weight and were 

assumed to be postabsorbtive at the time of analysis. The 

birds were removed from their cages about 19:00 and placed 

in a holding box while the preparation of the respiration 

chambers took place. The birds were weighed, probed, 

placed in the chambers, and positioned in the water bath 

or on bypass flow to become restive while preparation and 

standardization of equipment took place prior to the ex

perimental run. Depending on the number of birds used, 

either four or eight animals were probed and placed in 

chambers. Upon completion of individual experiments the 

birds were removed from the respiration chambers, unprobed, 

weighed and returned to the holding box. After all ex

periments were completed for one night the animals were re

turned to their individual cages about 04:00. During the 

summer and winter the two species were tested on alternate 

nights in an attempt to prevent acclimation to the experi

mental temperatures. 



RESULTS 

The effects of ambient temperature on oxygen con

sumption, respiratory water loss, and body temperature, 

for both summer and winter-acclimatized animals, are given 

in that order for the gilded flicker followed by the Gila 

woodpecker. 

Gilded Flicker - Metabolism 

The lowest metabolic rate for winter-acclimatized 

gilded flickers occurred at the experimental ambient tem

perature of 35°C with significant (P<.05) increases at 

experimental temperatures immediately above and below 35°C 

(Fig. 3 and Table 2). The lower limit of thermal neutrality 

(the lower critical temperature), the temperature at which 

the birds had to increase their metabolism to maintain body 

temperature, was 33.2°C. The upper critical temperature 

was 34.4°C, describing a narrow thermoneutral zone of 1.2°C. 

The metabolic rate within the thermoneutral zone was 1.56 

ml O^/gm/hr. A rate of 1.25 ml 02/gm/hr was obtained using 

the prediction equation of Lasiewski and Dawson (19 67) for 

nonpasserine birds (Table 3). The observed rate is 23.8 

percent higher than the predicted rate, a non-significant 

difference at the five percent level. 

20 
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Fig. 3, The relationship of oxygen consumption to 
experimental ambient temperature for winter-acclimatized 
gilded flickers. 

Lines fitted by least squares. Reduced data are in Table 2, 



TABLE MEAN OXYGEN CONSUMPTION AT VARIOUS 'AMBIENT TEMPERATURES 
(ML/6M/HR) FOR SUMMER AND WINTER-ACCLIMATIZED GILDED FLICKERS, 

TAMB NA N MEAN * SOEO 95 PC CON INT RANGE T P 
WINTER 3 O 1 r\ 

o 11 3 , 413" ,106 3,177 3,649 2 , 751 4,884 

SUMMER 5,3 n O 3 4 , 091 «143 ' 3 , (B3 4,429 3 , 657 4„ (  i  0  5,853 • SIGN 
WINTER 6 O 0 n 

O 3 3,113 ,087 2,903 3,318 2 , 762 3,438 
> 

SUMMER ioa 8 rt O 3*602 ,127 3,301 3,903 3,147 4O094 5,034 SIGN 
WINTER 10,9 7 7 2,727 ,115 2,444 3,010 2,409 -5 c 134 

SUMMER 15 EO 3 8 3 <> 128 ,058 2,991 3,265 2,892 3„3i5 4*157 SIGN 
w INTER 15,4 8 15 2,606 ,086 2 , 422 2,790 2,164 3,296 

SUMMER 20 E 3 O S 2 O 664 ,136 2,343 2,985 2,188 3 O 233 3,060 SIGN 
WINTER 20,4 8 16 2-131 ,089 I ,992 2,370 1,563 2,717 

SUMMER •25.4 8 8 1 O 846 ,063 1,698 1,994 1,620 2, 165 1 = 126 NS 
WINTER 25? 1 8 g 1*999 ,121 1,714 2,284 1 , 444 2,417 

SUMMER 30,2 8 3 1 ,536 ,051 1,416 1 0656 1,290 1,700 3,270 SIGN 
WINTER 30 O 0 3 16 1«794 O 049 1,689 1,899 1,475 2,063 

SUMMER 35 « 0 S O 1 , 6 F 0 ,067 1,511 1,829 1,387 1,970 1 ,248 NS 
WINTER 35,0 O 8 1 ,567 , 04S 1 o 454 1,680 1,364 1,749 

WINTER 37,4 4 • 4 1,855 ,035 1,745 1,965 1,788 1,921 

SUMMER 39,7 3 3 2,082 ,079 1,895 2,269 1,774 2,317 *508 NS 
WINTER 39O8 4 4 2,011 ,119 1,631 2,391 1,693 2,264 

SUMMER 42,0 7 7 2., 135 ,121 1,839 2,431 1,929 2,712 ,575 NS 
WINTER 41 O 9 4 6 2,042 ,103 1,778 2,306 1,782 2,505 

NJ 



Table 3. Critical limits and levels of metabolism within the thermoneutral zones of winter 
and siammer-acclimatized gilded flickers. 

The predicted levels of metabolism calculated from the Lasiewski-Dawson (1967) 
equation (M = 78.3W.723, N = 72) are given. 

Season Sex N 
Weight 
(gm) 

Limits 
Lower 

(°C) 
Upper 

Measured 
Metabolism 

(ml 02/gm/hr) 

Winter 
vs 
Summer 
t P 

Predicted 
Metabolism 

(ml 02/gm/hr) 

Measured 
vs 
Predicted 
t P 

Winter both 8 108.2 33.4 34.4 1.567 .504 >.05 1.257 1.004 >.05 
Summer both 16 91.8 29.0 34.0 1.603 1.317 1.308 >.05 

Winter M 4 106.8 33.3 34.4 1.524 .884 >.05 1.263 .597 >.05 
Winter F 4 109.6 32.7 34.8 1.610 1.254 .586 >.05 

Slimmer M 10 91.3 28.7 33.4 1.627 .667 >.05 1.319 1.112 >.05 
Summer F 6 92.7 29.6 33.8 1.564 1.314 .701 >.05 
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The metabolism of the winter flickers shows an in

verse relationship with ambient temperature below the lower 

critical temperature as one would expect for homoiotherms 

(Fig. 3) (Dawson, 1958; Bartholomew, Hudson and Howell, 

1962) . A regression line fitted to the scatter diagram 

from 3.0°C to 35°C describes the metabolism for the winter 

flickers below the lower critical temperature (Table 4). 

The metabolism also shows an increase at each experimental 

ambient temperature above 35°C. 

The lowest metabolic rate for summer acclimatized 

gilded flickers occurs at the ambient temperature of 3 0°C? 

however, the rate at 3 0°C is not significantly different 

(P >.05) from the rate at 35°C (Fig. 4 and Table 2). Sig

nificant (P<.01) increases do occur below 30°C at 25°C 

and above 35°C at 40°C. The mean of the metabolic rates at 

3 0°C and 35°C was 1.60 ml 02/gm/hr, this being taken as the 

standard metabolic rate for describing the plateau of the 

thermoneutral zone (Table 3), The lower critical tem

perature was 29.0°C and the upper critical temperature 

34.0°C, yielding a wider (5.0°) zone but one with a lower 

critical temperature as compared to the winter flicker. 

The metabolic rate.at 30°C was 10.0 percent higher than pre

dicted by the Lasiewski-Dawson equation based on the mean 

weight of summer flickers at 3 0°C (Table 3). Again the 

difference is not significant. 



Table 4. . Regression equations for oxygen consumption on temperature for the summer and winter 
samples of gilded flickers. 

Number of animals (NA) and N is the number of determinations. 

L O W E R  L I  N E 

^amb Regression 95% C.. I. 
Season Sex Range NA N Equation r P ay nyx 

Winter Both 3-35 12 89 M=3.465+(-.057)T •.8889 ^ .001 3.401 to 3 .529 -.063 to -.051 
Summer Both 5-30 10 48 M=4.630+(-.106)T -.9524 ^ .001 4.595 to 4 .765 -.115 to -.096 

Test between slopes: t = 8.178 P< - 05 

U P P E R  L I S  I E 

Winter Both 35-42 12 22 M=-.862+.070T .7433 < .01 -.945 to .778 .041 to .100 
Summer Both 35-42 10 23 M=-.771+.07 0T . 6663 <; .02 -.876 •to -.666 .035 to .106 

Test between slopes: t = .010 p >.05 
Test of reset: F = 1.623 p>.05 
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Fig, 4. The relationship of oxygen consumption to 
experimental ambient temperature for summer-acclimatized 
gilded flickers. 

Lines fitted by least squares. Reduced data are in Table 2. 
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The metabolic rates of summer and winter-acclima-

tized gilded flickers are compared in Fig. 5. The increase 

in metabolism is significantly (P <.001) less for winter 

birds than for summer birds over the entire range of ambient 

temperatures below the lower critical temperature (Table 

2). The differences in metabolism at the ambient tempera

tures above the upper critical temperatures are nonsignifi

cant (Table 2). The summer and winter birds have a similar 

upper critical temperature, however, the summer birds have 

a lower critical temperature than the winter birds (Table 

3). There is no difference in metabolism between the sexes 

for either summer or winter acclimatized flickers (Figs. 

6 and 7). 

Gilded Flicker - Water Balance 

The percent body weight lost as evaporative water 

for winter flickers remained constant and at a low obliga

tory level (.25% ± .01) at experimental ambient temperatures 

from 3°C through 30°C indicating that up, through and in

cluding 30°C, little of the metabolic heat was lost by 

evaporation, and there was a favorable gradient between 

body temperature and ambient temperature to facilitate heat 

loss by the avenues of convection and radiation (Fig. 8 

and Table 5). Between the ambient temperatures of 3 0°C and 

35°C there was a significant (P«^.01) increase in the amount 

of respiratory water lost; it is unquestionable that in 
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Fig, 5, Comparison of the oxygen consumption for 
winter and summer-acclimatized gilded flickers. 
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Fig. 6. Oxygen consumption on ambient temperature 
for winter-acclimatized gilded flickers with the sample 
separated on the basis of sex. 

Closed circles represent females, open circles males. 
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Fig. 7. Oxygen consumption on ambient temperature 
for summer-acclimatized gilded flickers with the sample 
separated on the basis of sex. 

Closed circles represent females, open circles males. 
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Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 5. 



TABLE 5© VEfrx PERCENT BODY WEIGHT LOST (WATER) AT VARIOUS AMBIENT 
TEMPERATURES FOR SUMMER AND WINTER-ACCLlMAtJZED GILDED FLICKERS* 

TAM8 NA N • MEAN + S , E , 95 PC CON INT RANGE T P 
WlNtER 3,1 8 12 « C O 1 o 091 ,086 ,488 ,196 ,371 

SUMMER 5*3 8 r» C ,283 ,023 ,229 ,337 ,178 a 384 1,613 NS 
WINTER 6,0 3 8 ,194 e 0 50 ,075 ,313 ,132 ,301 

SUMMER 1 0 , 1 8 8 ,293 ,022 ,241 ,345 o 164 , 372 , 756 NS 
WINTER 10,9 g 12 ,226 , 070 ,071 ,381 ,143 ,349 

SUMMER 15 a 0 7 7 ,214 ,024 , 155 ,273 ,138 ,337 ®244 NS 
WINTER 15 o 4 g 16 ,250 ,096 ,046 , 4 a4 ,184 e 446 

SUMMER 20 O 3 8 8 ,317 ,028 ,252 ,382 o205 ,456 2,522 SIGN 
WINTER 20,4 8 15 <>239 ,017 ,202 o 2 7 6. ,156 a 403 

SUMMER 25 o4 8 8 ,432 , 050 ,313 ,551 ,281 , (12 2,544 SIGN 
V/INTER. 25 o 1 8 8 ,300 ,013 , 2 (0 ,330 ,233 ,344 

SUMMER 30,2 7 7 ,399 ,049 ,279 ,519 ,229 ,613 •3,421 SIGN 
WINTER 3 0 , 0 n O 15 ,252 ,019 .211 ,293 ,242 ,379 

SUMMER 35 o 0  7 7 ,529 ,032 ,449 ,609 ,434 ,652 ,228 NS 
WINTER 35,0 P- 8 o 605 ,309 •*,126 1,336 ,466 o 752 

WINTER 37,4 4 4 1,102 ,063 ,900 1 ,304 • ,916 1,196 

SUMMER '39*7 8 A O 1,324 ,038 1,234 1,414 1,098 1,454 2,241 SIGN 
WINTER 39,8 4 4 1,498 ,082 1,238 1 o 758 1,330 1,721 

SUMMER- 42,0 6 6 1,952 , 1 F 2 1.511 2,393 1,463 2,767 0118 NS 
WINTER 41,8 A 6 1,927 ,124 1,607 2,247 1,586 2 o 337 

oj 
to 
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this range of ambient temperatures (30~35°C) evaporative 

cooling commenced (Fig. 8). 

The obligatory water loss for summer flickers over 

the ambient temperature range of 5-35°C was .35 ± .02 per

cent body weight per hour, significantly higher than winter 

acclimated birds (Fig. 9, Table 5). Between 35° and 40°C 

there was a marked and significant increase in the amount of 

water lost. The sample at 42°C is also significantly higher 

than the 4 0°C sample. 

The metabolic efficiency, calculated as the percent 

of metabolic heat dissipated by evaporative water loss, for 

the winter flicker sample was low over the ambient tem

perature range of 3-30°C with some variation; the percents 

at 3, 5, 10°C are significantly lower than at 25° and 3 0°C 

(Fig. 10, Table 6). The large and important increase in the 

amount of heat dissipated by water lost from the moist 

surfaces of the respiratory system occurs between 3 0° and 

35°C, an increase of 68.4 percent. 

The metabolic efficiency for the summer flicker 

sample was 10.0% ± .67 at ambient temperatures of 5° through 

20°C, but increased to a mean level of 38.3% ± 5.5 over the 

temperature range 25-35°C. This is significantly different 

(P <.01) from that at 20°C and below (Fig. 11, Table 6). 

For the summer birds the large increase in efficiency 

(93.8%) occurred between 35° and 40°C. 
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Fig. 9. Percent body weight lost as evaporative 
water at various ambient temperatures for summer-accli
matized gilded flickers. 

Dice-Leraas graphs with range, mean and 95 percent confidence 
intervals. Reduced data are in Table 5. 
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TABLE 6* WEAN RESPIRATORY EFFICIENCY AT VARIOUS AMBIENT 
TEMPERATURES FOR SUMMER AND WINTER-ACCLIMATIZED GILDED FLICKERS* 

TAMES NA N MEAN « • S,E, 95 PC CON INT RANGE T P 
WINTER 3,1 8 12 9,989 1,044 7,691 12,237 5,296 17,879 

SUMMER 5 O 3 3' 8 3,472 ,725 6,757 10,137 4,514 10,320 1, 046 MS 
WINTER 6,0 8 8 7,491 ,595 6,034 8,393 5,76" 11,212 

• SUMMER 16.1 S O O 9,941 ,331 7 0 356 12,026 5,756 14 0 2 3 H OL34 NS 
WINTER 10,9 3 12 10,123 ,975 7,933 12,273 5,703 16,461 

SUMMER 15 ,0 7 7 3,232 ,849 6,154 10,310 5,132 12,278 1 5 783 NS 
WINTER 15,4 3 16 11,459 1,127 9,058 13,860 6,344 20,493 

SUMMER 20 <> 3 8 S 14,692 1,454 31.254 13,130 7,311 19„812 9 614 NS 
WINTER 20-4 8 15 13,613 1,017 11,437 15,799 8 , 3 (6 20,69" 

SUMMER 25,4 8 3 23,199 3,070 20,940 35,458 19 0 273 46„771 2 0 666 SIGN 
WINTER 25 O 1 3 8 13,304 1,730 14,712 22,896 13,651 260191 

SUMMER 30,2 7 7 31,111 3,594 22,317 39,905 13,508 4901Q4 4,178 SIGN 
WINTER 30,0 ' O 15 17,512 1,494 14,307 20,717 3,775 27,561 

SUMMER 35 C 0 7 7 39,979 3,716 30,33 ! 49,0 F1 29,801 56,794 1® 345 NS 
WINTER 35,0 3 8 47,0 04 3,644 33,336 55,622 36 0 224 66,583 

WINTER 37,4 4 4 72,073 5,135 55,578 83,5 (3 57,634 80,846 

SUMMER 39,7 3 8 77,474 3,153 70,0I7 34,931 66,568 92,544 2,017 NS 
WINTER 39 O 3 4 4 91,023 7 O 339 67,671 114,375 76,376 104, I 15' 

SUMMER 42,0 7 7 111,775 6,713 95,349 128,201 89,358 139,545 ,300 NS 
WINTER . 41, 8 4 6 114,927 3,209 93,321 136,033 92,612 147,397 

u> 
o 
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Fig. 11, Percent metabolic heat dissipated by 
evaporative water loss for summer-acclimatized gilded 
flickers. 

Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 6. 



Gilded Flicker - Body Temperature 

The winter flickers maintained their body tempera

ture at a constant level (38.9 ± .10°C) over the ambient 

temperature range 3° through 30°C with decreasing varia

tion as a critical ambient temperature was approached some

where between 30° and 35°C (Fig. 12, Table 7) where hyper

thermia began. Between the ambient temperatures of 3 0° and 

35°C a significant (P<.01) increase in body temperature of 

1.3°C occurred. At an ambient temperature of 41.8°C, the 

mean body temperature was 42.7°C, a small but still favor

able gradient of 0.9°C (Table 7). 

The mean body temperature of the summer flicker 

sample over the ambient temperature range 5-35°C was 39.5 ± 

.10°C (Fig. 13, Table 7). The 0.6°C difference in body 

temperature between the summer and winter animals is sig

nificant at the five percent level. The mean body tem

perature from 5-20 was lower (39.3 ± .14) than the body 

temperature over the range of 25°to 30°C (39.9 ± .09). A 

significant (P <^.01) increase of 1.68°C occurred between 

the ambient temperatures of 35°and 40°C (Fig. 13, Table 7). 

At 42.0°C the body temperature was 43.1°C, a gradient of 

1.1°C from the animal to ambient conditions. The gradient 

maintained during the summer at high ambient temperatures 

was not significantly different from the winter gradient 

at high ambient temperatures. 
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Fig. 12, Body temperature of v/inter-acclimatized 
gilded flickers at various ambient temperatures. 

Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 7. 



TABLE 7* !l ̂ EAN RODY TEMPERAT URES AT VARIOUS AMBIENT TEMPERATURES 
FOR : SUMMER AND WINTER""ACCLIMATIZE D GILDED FLICKERS © 

TAM8 NA N MEAN * S,Eo 95 PC CON INT RANGE T P 
WINTER 3 o 1 8 12 39,207' ,321 33,500 39,914 36,720 40o550 

SUMMER 5 o 3 f\ O 8 39o271 ,213 38 o(6 t 39,775 33,020 400060 2 ,054 NS 
W INTER 6,0 r% O o c? 38 o 552 ,273 37,895 39,209 37,120 39„500 

SUMMER 10,1 3 S 39,092 e 438 33,057 40,127 36,330 40 o 350 ,346 NS 
WINTER io,6 8 12 38,884 ,394 38,017 39,751 35,310 40,280 

SUMMER 15,0 8 o 
O 39,352 ,202 38o875 39,829 33,330 4 0 o 31 0 , 637 NS 

WINTER 15,4 0 16 39o107 o 251 38,573 39o641 37,010 41,090 

SUMMER 20 o 3 3 3 39,336 ,215 33,829 39,843 33,450 40,240 1*114 NS 
W 7 i\i T E R 20 o 4 8 16 39*028 ,163 38,680 39,376 38,100 39„550 

SUMMER 25,4 8 r> 
O 39 o 772 ,087 39,567 39,977 39,430 40,310 3,293 SIGN 

WINTER 25,1 8 s 38o990 ,221 38?467 39,513 38e 090 39o760 

• SUMMER 30,2 8 8 39,748 ,197 39,283 40,213 33,490 •40,300 3*529 SIGN 
W INTER 29 o 9 8 16 38,990 ,116 38,742 39,238 3-3,020 40,250 

SUMMER 35 c 0 8 8 40,283 ,151 39,926 40,640 39,550 40.880 2,118 NS 
WINTER 35*0 o 8 40,637 ,072 £0,467 40 o 807 40,390 41,050 

WINTER 37 e 4 4 4 40,230 ,067 40,018 40,442 4 0 , i 1 0 40.360 

SUMMER 39 o 7 8 8 41,965 ,166 41c573 42 o 357 41,410 42,00 0 2 , 659 SIGN 
WIN TrR 39,8 4 4 42,652 .143 42,198 43,106 42 © 67 0 43„050 

SUMMER 42 «> 0 7 7 43,065 ,252 42,448 43,682 42,250 44 a290 1, i 4 4 NS 
WINTER 41 ,3 4 6 42,695 ,187 42,214 43,176 41,990 43.070 

o 
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Fig, 13. Body temperature of summer-acclimatized 
gilded flickers at-various ambient temperatures. 

Dice-~Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 7. 
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Gilded Flicker - Body Weight 

The mean field weight for the winter flicker sample 

was 114.5 gm and for the summer sample 104.8 gm, a non

significant difference at the five percent level (Table 8). 

The weights shown in Table 9 are means for each ambient 

temperature, the mean of these means for the summer sample 

was 95.1 gm and for the winter sample 104.1 gm, again a 

nonsignificant difference at the five percent level. Both 

the summer and winter captive birds maintained body weight 

levels about nine percent below field weight levels (compare 

data in Table 8 with that in Table 9). 

For the field sample there was no difference be

tween the sexes on a weight basis during either summer or 

winter. 

Gila Woodpecker - Metabolism 

The lowest metabolic rates for winter-acclimatized 

Gila woodpeckers occurred at the experimental ambient tem

peratures of 35°C (1.71 ml 02/gm/hr) and 37.5°C (1.76 ml 

02/gm/hr) (Fig. 14 and Table 10). The difference in the 

rates at 35°C and 37.5°C is not significant (P >.05). The 

standard metabolic rate was taken as the mean of the rates 

measured at 35°C and 37.5°C (1.739 ml 02/gm/hr). The lower 

critical temperature ( = lower limit of thermoneutrality) 

was 30.2°C, the point where the least squares line fitted to 

the metabolic data at ambient temperatures 3° through 30°C 



. Table 8. Field weights of gilded flickers and Gila woodpeckers during the 
summer and winter. 

NA is the number of animals and weight is mean ± one standard error. 

Species Season Sex NA Weight t P 

Gilded Flicker Winter Both 8 114.5±2.5 2.000 >.05 
Gilded Flicker Slimmer Both 8 104.8±4.1 

Gilded Flicker Winter M 6 106.0±5.5 .493 >.05 
Gilded Flicker Winter F 2 101.0±2.2 

Gilded Flicker Slimmer M 3 116.2±5.6 .642 >. 05 
Gilded Flicker Summer F 5 112.4±3.2 

Gila Woodpecker Winter Both 12 68.6±1.7 .976 >.05 
Gila Woodpecker Summer Both 9 65.7±1.9 

Gila Woodpecker Winter M 6 70.3±1.6 2.807 <T.05 
Gila Woodpecker Winter F 6 62.112.3 

Gila Woodpecker Summer M 4 72.912.2 3.459 <•01 
Gila Woodpecker Summer F 5 64.411.2 



TABLE 9« VEAM BODY WEIGHT AT VARIOUS AMBIENT TEMPERATURES FOR 
SUMMER AND WINTER-ACCLIMATIZED GILDED FLICKERS* 

TAMB NA N MEAN * ' SoEe 95 PC CON INT RANGE T P 
WINTER '3,0 8 12 99 a 100' 2,573 93,437 104,763 87 ,000 115,800 

SUMMER 5,3 O 
r\ 
O 96,270 2,011 91,513 101,027 88 ,200 103,000 1 ,230 NS 

WINTER 6,0 8 8 93,860 ,623 97,387 5.00,333 95 ,900 100,900 

SUMMER 10,1 s 8 95,850 1,739 91,618 10 0,082 90 ,500 T 0 4 o 4 0 0 2 5 113 SIGN 
WINTER 10,6 0 12 102,270 2,165 97 o505 107,035 91 ,800 117,100 

SUMMER 15,0 8 8 96,100 1,699 92,033 10 0,117 87 ,000 102,000 3 9077 SIGN 
WINTER 15,4 3 16 104,170 1,640 i 66,675 107,665 91 ,800 115,200 

SUMMER 20,3 8 8 95,550 2,330 90,039 101,061 87 ,000 109,000 0. ,394 SIGN 
WINTER 20 ,4 3 16 103,910 1,303 lOl,133 106,687 95 , c 0 0 115,100 

SUMMER 2 3 9 4 8 8 91,520 1,839 87,170 95,S70 84 ,800 lOOcOOO 5 "776 SIGN 
WINTER 25 o! 8 8 i 0 / © 3 ̂ 0 2, 152 102,781 !'12,959 99 ,900 116,300 

SUMMER 30,2 8 8 90,270 1,473 86,(G( 93,753 83 ,300 97,000 5 ,469 SIGN 
WIN T c R 29,9 8 16 102,940 1,455 99,839 106,041 95 0 80 0 116 0 7 6 0 
SUMMER 3 ̂ o 0 8 8 93,340 1 0766 89,163 97,517 89 = 000 102,000 5 ,528 SIGN 
WINTER 35 0 0 8 8 108,210 2,029 103,412 113,008 102 ,30 0 117,200 

WINTER 37*4 4 4 105,550 1,579 lOO,525 110,575 102 ,100 109,300 

SUMMER 39«7 8 8 97,300 1,934 92,725 101,875 92 ,400 108,700 2 , 393 SIGN 
WINTER 39 o9 4 4 106,600 4,014 93,823 119,372 96 ,700 116,000 

SUMMER 42 o 0 7 7 99,900 2 , 526 93,719 106,081 92 ,400 109,800 i" ,675 NS 
WINTER 4193 4 6 105,950 2,553 99,386 112,514 97 at 0 0 115,700 
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Fig. 14. Oxygen consumption on ambient temperature 
for winter-acclimatized Gila woodpeckers. 

Lines fitted by least squares. Reduced data are in Table 
10. 



TABLE 16- MEAN OXYGEN CONSUMPTION At VARIOUS'AMBIENT TEMPERATURES 
(NL/GM/HR) FOR SUMMER AND WINTER-ACCLXMAYIZED GllA WOODPECKERS, 

TAMB •NA N MEAN * S . E . 95 PC CON INT RANGE T P 
WINTER 3 ® 0 S 8 3 O 6 i 0 C 358 2.323 4.517 3 .474 5A348 

SUMMER 4.9 s 8 4 C 442 .173 4.032 4?352 3,524 5,034 .947 NS 
WINTER 6*0 3 O 4.212 .170 3.810 40614 3.406 4B927 

SUMMER 10.1 8 8 3 ©997 .229 3 . 456 4.538 3.210 5E24S 2.539 SIGN 
WINTER 10.4 12 14 3 O 367 .136 3.074 3.660 2.617 4.179 

SUMMER 15 O 0 8 8 3<>241 .111 2.978 3.504 2.793 3,708 1.750 NS 
WINTER 15 O 2 12 Is 2.959 .095 2.759 3.159 2.494 3,973 

SUMMER I9'9 3 8 2 O 445 .175. 2.032 2̂ 858 2.091 3.686 .294 NS 
WINTER C 0 O 4 12 20 2.497 .088 2.313 2.681 I .736 3.258 

SUMMER 25,3 10 io 2*519 .164 2.148 2.890 1.816 3.339 •2,109 SIGN 
WINTER 25® I 12 18 2 O 10 3 .113 1.869 2.347 1.506 3.102 

SUMMER 30 «1 8 8 2.102 .164 1.715 2.489 1.413 • 2.900 O300 NS 
WINTER 30,0 12 18 2 O 060 .060 1 .933 2.187 1.692 2.500 

SUMMER 35 O 0 8 8 1.659 . 056 1.526 1.792 1.468 1.912 1 .339 NS 
WINTER 35 9 0 4 8 1.759 .049 1.642 1.876 1.511 1.911 

WINTER 37 « 4 4 6 1.714 .057 1.567 1.861 1.481 1.869 

SUMMER 39*5 8 1.945 .045 1.840 2.050 1.819 2.132 «Il8 NS 
WINTER 39 .9 4 6 1.957 ,102 1.694 2.220 1.546 2.207 

SUMMER 41« 6 7 7 2.287 .644 .711 3.863 2.063 2 C546 .568 NS 
WIMTER 41.9 4 6 1.883 .050 1.758 2.018 1 o 6 4 9 1.994 

a\ 
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intersects the standard metabolism line. The upper crit

ical temperature, the point where the least squares line 

fitted to the data at ambient temperatures 37.5°C and 

40°C intersects the standard metabolism line, was 37.8°C, 

the upper limit of thermoneutrality. The zone of thermo-

neutrality for the winter Gila woodpecker extends through 

a range of 7.6°C, from a lower critical temperature of 

30.2°C to an upper critical temperature of 37.8°C. The 

winter metabolism within the thermoneutral zone (1.739 ml 

02/gm/hr) is 22.4 percent higher than the rate predicted 

(Table 11) by using the Lasiewski-Dawson equation, a non

significant difference (P >.05). 

The metabolism of the winter Gila woodpecker belowv 

the lower critical temperature increases with decreasing 

ambient temperature (Fig. 14). The increased rates between 

consecutive ambient temperatures are significant (PC. 05) 

except between 30-25°C and between 6-3°C. Above the upper 

critical temperature the metabolic rate shows a direct 

relationship with ambient temperature (Fig. 14). 

The winter female Gila woodpecker indicated a higher 

metabolism at neutral ambient temperatures (Fig. 15 and 

Table 12); however, this difference over the male was not 

significant (P >.05). The slopes of the metabolic curve for 

the male and female Gilas below the lower critical tem

perature were not different (Table 13). There was, however, 



Table 11. Critical limits and levels of measured metabolism within the thermoneutral' 
zones of winter and summer-acclimatized Gila woodpeckers. 

Predicted levels of metabolism calculated from the Lasiewski-Dawson (1967) 
equation (M = 78.3W.723, N = 72) are given. 

Winter Measured 
Measured vs Predicted vs 

Weight Limits (°C) Metabolism Summer Metabolism Predicted 
Season Sex N (gm) Lower Upper (ml 02/gm/hr) t P (ml 02/gm/hr) t P 

Winter Both 14 69. 9 30.2 37.8 1.739 1. 252 >.05 1.421 1.362 >. 05 
Summer Both 8 59. 9 34.3 35.6 1.659 1.485 1.442 >. 05 

Winter M 7 74. 2 30.2 37.7 1.681 1. 730 >.05 1.397 .860 >. 05 
Winter F 7 65. 0 30.4 37.7 1.798 1.449 1.057 >. 05 

Summer M 5 62. 5 33.3 35.2 1.636 875 >.05 1.458 .455 >. 05 
Summer F 3 54. 7 34.7 35.8 1.689 1.520 .335 >. 05 

00 
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Fig, 15. Oxygen consumption on ambient temperature 
for winter Gila woodpeckers with the saraple separated on 
the basis of sex. 

Closed circles represent females, open circles males. Re
duced data are in Table 12. 



TABLE 12, 'MEAN OXYGEN CONSUMPTION At VARIOUS AMBIENT TEMPERATURES 
(ML/GM/HR) FOR WINTER-ACCLIMATIZED MALE AND FEMALE GILA WOODPECKERS. 

TAMB N MEAN + SOE, 95 PC CON INT RANGE T P 
MALE 3*1 fy 4 3,297 O 4 6 9 • 1,804 4,790 3.474 4*648 1, 045 NS 
FEMALE 3,0 4 . 4 4,043 ,538 2.330 5,756 4,620 5,348 

MALE 6,0 4 4 3,853 .174 3.301 4.405 3,406 4,223 3 , 256 SIGN 
FEMALE 6,0 4 4 4,572 O 136 4,133 5,006 4,2/' 4 4 O 9 2 7 

•MALE 10.4 6 7 3 S 241 ,156 2,860 3.622 2,632 3,863 P921 NS 
FEMALE I'O ,4 6 7 3,492 .223 2,945 4.039 2,617 4,179 

MALE 15 P 2 6 10 2,779 ,086 2,584 2.974 2.494 3,283 2,392 SIGN 
FEMALE 15.2 6 8 3,183 , 156 2,815 3, 551 2,539 3,973 

MALE 20*4 6 9 2,418 .110 2.164 2.672 1.736 2,719 1,995 NS • 
FEMALE 20 «4 6 11 2,706 ,095 2,495 2,917 2,306 3,253 

MALE 25 O 1 6 11 2,106 .130 1,815 2,397 1 O 646• 2.589 P 025 NS 
FEMALE 25 O 0 6 7 2.112 .221. 1, 572 2,652 1,506 3,102 

MALE 30 « 0 6 8 1,939 .077 1,757 2.121 1,692 2,289 1 ,981 NS 
FEMALE 30 O 0 6 10 2, 175 , 0 O ( 1,979 2,37 3. 1 ,809 2,500 

MALE 35,1 4 4 1,705' .089 1,421 1,989 •1,511 1,911 I O 116 NS 
FEMALE 34«9 4 4 1,813 ,037 1,694 1.932 1,725 1,903 

MALE 37 O 3 2 3 1 ,649 .094 1,245 2,053 1,481 1,806 !• 170 NS 
FEMALE 37 O 4 2 •'3 1,778 ,058 1 O 530 2,026 1,671 1,869 

MALE 39 E 8 2 3 1,925 ,196 1,082 2.768 1,546 2.200 , 278 NS 
FEMALE A 0,0 2 3 1,938 ,113 1.500 2,476 1,827 2.207 

MALE 41. 9 2 3 1,864 ,108 1,398 2,330 1,649 1.994 ? 435 NS 
FEMALE 41.9 2 1,912 ,021 I ,820 2,004 1,873 1,947 



Table 13. Regression equations for oxygen consumption on temperature for the winter sample of 
Gila woodpeckers separated on the basis of sex. 

Number of animals (NA) and N is the number of determinations. 

L O W E R  L I N E  

Regression 95% C.I. 
Season Sex Range NA N Equation r P ay byx 

Winter M 3-30°C 7 53 M= 4.166+(-.082) T -.8715 <. 001 4.057 to 4.275 -.095 to -.069 
Winter F 3-30°C 7 50 M= 4.885+{-.102)T -.8729 <.001 4.744 to 5.025 -.118 to -.085 

Test between slopes: t = 1.861 p?.05 
Test of reset: F = 17.051 p<.05 Amount of reset: -.369 

U P P E R  L I N E  

Winter M 37.5-40°C 3 6 M=-3.511+.137T .6957 .1 .05 -3.768 to -3.254 .059 to .334 
Winter F 37.5-40°C 3 6 M=-l.213+.080T .6244 .1 .05 -1.392 to -1.392 -.059 to .219 

Test between slopes: t = .661 p>.05 
Test of reset: F = .515 p >.05 

ui 
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a significant reset (P<.01) between the slopes. The 

amount of reset was -.369 ml 02/gm/hr. The portions of the 

metabolic curves from the upper critical temperature and 

above are not different (Fig. 15 and Table 13) for the 

winter male and female Gila woodpeckers. 

For the summer-acclimatized Gila woodpeckers the 

lowest resting metabolism was at 35°C. The metabolic rate 

above, at 40°C, and the rate below, at 30°C, are both sig

nificantly higher than the rate at 35°C (Fig. 16, Table.10). 

The standard metabolic level for determining the limits of 

the thermoneutral zone for the summer animals was taken as 

the rate at 35°C (1.659 ml 02/gm/hr). The lower critical 

temperature for the summer birds was 34.3°C, showing an 

upward shift from a similar point for the winter birds. 

The upper critical temperature in these determinations was 

set at 35.6°C. These critical temperatures describe a 

narrow thermoneutral zone of 1.3°C for the summer birds 

(Table 11). 

The least squares line fitted to the data from 

ambient temperatures 5° through 35°C for the summer birds 

has a slope of -.091, very similar to the slope for the 

winter sample which was -.092 (Table 14). The metabolic 

rate at 35°C was also included in the regression line 

describing the upper portion of the metabolic curve which 

had a slope of .087 and a y-intercept of -1.467. The upper 
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Fig, 16. Oxygen consumption on ambient temperature 
for summer~accl.imatized Gila woodpeckers, 

Lines fitted by least squares. Reduced data are in Table 
10, 



Table 14. Regression equations for oxygen consumption on temperature for the summer and winter 
samples of Gila woodpeckers. 

Number of animals (NA) and N is the number of determinations. 

L O W E R  L I N E 

T Aamo Regression 95% C.I. 
Season Sex Range NA N Equation r P ay byx 

Winter Both 3-30°C 14 103 M=4.523+(-.092)T -.8503 .001 4. 427 to 4. 619 -.104 to -.080 
Summer Both 5-35°C 8 58 M=4.787+(-.091)T -.8930 .001 4. 665 to 4. 909 -.104 to -.079 

Test between slopes: t = .094 p •>. 05 
Test of reset: F = 12.512 p < . 05 Amount of reset: 280 

U P P E R  L I N E 

Winter Both 37.5-40°C 4 12 M=-2 .452+. HIT .6504 .02 -2. 570 to -2. 333 .020 to .202 
Summer Both 35 -42°C 3 23 M=-l.467+.087T .8419 < .001 -1. 538 to -1. 396 .063 to .114 

Test between slopes: t = .559 P >.05 
Test of reset: F = 3.992 P >.05 
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portion of the summer and winter metabolic curves were not 

significantly (P >.05) different. 

For the summer Gila woodpecker sample the sexes 

can be separated on the basis of metabolism (Fig. 17). The 

mean oxygen consumption values at various ambient tempera

tures for the split summer sample are in Table 15. The 

difference in the standard metabolism between the summer-

acclimatized sexes was not significant (P >.05). The dif

ference in the slopes of the lower portion of the metabolic 

curves for the two sexes were not significant either; 

however, there was a significant reset between the slopes 

of the lower lines for the two sexes (Table 16). The amount 

of reset was -.422. The metabolic rates at ambient tem

peratures above the upper critical temperatures for the 

summer male and female Gila were not different (Fig. 17 

and Table 16). 

Fig. 18 is a comparison of the metabolism for 

summer and•winter-acclimatized Gila woodpeckers. Neg

lecting the weight difference between summer and winter 

birds, the metabolic rates at the thermoneutral zone were 

not significantly different. The zone of thermoneutrality 

for the winter bird shows a downward shift of 4,1°C in the 

lower critical temperature. The winter bird shows a higher 

limit to the zone of thermoneutrality (Table 11). This 

apparent discrepancy is discussed in a later section. The 
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Fig. 17, Oxygen consumption on ambient temperature 
for summer Gila v/oodpeckers with the sample separated on 
the basis of sex. 

Closed circles represent females, open circles males. • Re
duced data are in Table 15. 



TABLE 15. MEAN OXYGEN CONSUMPTION AT VARIOUS'AMBlENt 'TEMPERATURES 
(ML/GM/HR) FOR 'SUMMER-ACCLIMATIZED MALE AND FEMALE GILA WOODPECKERS. 

TAMB NA N MEAN * S . E . 95 PC CON INT RANGE T P 
MALE 4,9 3 3 4O036 ' .256 2.934 5,138 3,524 '4.308 2,305 MS 
FEMALE 4.9 r* 

D 5 4 s 685 .153 4.247 5,123 4,171 5,034 

MALE 10.1 3 3 . 553 .174 2.809 4.307 3,210 3,729 1.666 NS 
FEMALE 10,1 5 5 4,261 o 302 3,423 5.099 3,548 5,248 

VALE 15 « 0 3 3 3.004 .135 2.423 3 O5S5 2.798 3,258 1.942 NS 
FEMALE 15 9 0 5 5 3.382 . 126 3.033 3.731 3,090 3,708 

MALE 19 O 3 ••S 
J 3 2.455 .145 1.832 3.078 2,229 2.730 1.145 NS 

FEMALE 19,8 5 • 5 2 E 865 .257 2. 153 3.577 2,091 3,686 

MALE 25 O 4 4 4 2.296 .321 1.273 3,319 1,791 3,187 1.124 NS 
FEMALE 25O3 6 6 2.667 .169 2.233 3,101 2.212 3,339 

MALE 30 o 1 4 4 1.808 .135 1.220 2.396 1.413 2,292 2.270 NS 
FEMALE 29*7 4 4 2.397 ,182 1 .817 2.977 2 o 0 44 2,900 

MALE 35.0 5 5 1.636 .032 1.409 1. 863 1,468 1,912 .505 NS 
FEMALE 34 0 9 3 3 1.698 o 077 1 .367 2.029 1,545 1.784 

MALE 39«5 4 4 1.993' .073 1.766 2.230 1.819 2.132 1.232 NS 
FEMALE 39,5 4 4 1.892 *046 1 .746 2 o 038 1.826 2,02̂  

MALE 41,6 4 4 2.319 ,135 I .888 2.750 2,078 2 o 546 .335 NS 
FEMALE 41.7 3 3 2,262 .069 1 .964 2.560 2.063 2,377 



Table 16. Regression equations for oxygen consumption on temperature for the summer sample of 
Gila woodpeckers separated on the basis of sex. 

Number of animals (NA) used and N is the number of determinations. 

L O W E R  L I N E  

-amb Regression 95% • C.I. 
Season Sex Range NA N Equation r p ay byx 

Summer M 5-35°C 3 25 M=4.292+(-.07 9) T -.9211 .001 4.144 to 4.440 -.094 to -.065 
Slimmer F 5-35°C 5 33 M=5.056+(-.096)T -.9022 . 001 4.899 to 5.212 -.113 to -.080 

Test between slopes : t = 1.502 p 05 
Test of reset: F = 14.231 p <. 05 Amount of Reset: -. 422 

U P P E R  L I N  E 

Summer M 35-42°C 3 12 M=-l.830+.198T .8544 .001 -1.946 to -1.713 .056 to .141 
Summer F 35-42°C 5 11 H=-1.10 8 +.079T .8351 .001 -1.213 to -1.002 .040 to .118 

Test between slopes I t = .751 p >. 05 
Test of reset: F = .185 p y. . 05 
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Fig, 18. Comparison of the oxygen consumption for 
summer and winter-acclimatized Gila woodpeckers. 

Reduced data are in Table 10. 



slopes of the lower portions of the metabolic curves were 

identical; however, the reset in the y-intercept was highly 

significant (Table 14). The difference in the upper parts 

of the metabolic curves for summer and winter Gila wood

peckers were not significant (Table 14). 

Gila Woodpecker - Water Balance 

The percent body weight lost as evaporative water 

by winter Gila woodpeckers was constant and at a low level 

(.25% ± .01) over the ambient temperature range of 3-30°C 

(Fig. 19 and Table 17). Between the ambient temperatures 

of 30° and 35°C there was a significant (P<.001) increase 

of 97.3 percent in the percent body weight lost as evapora

tive water. The progressive increases between all ambient 

temperature levels above 35°C were highly significant. The 

percent body weight lost at 42°C was 2.03 percent. 

The mean rate of obligatory water loss which oc

curred in the summer sample was .40% + .02 over the lower 

range of ambient temperatures (5-35°C), with a sharp and 

significant (P < . 01) increase of 170.3 percent occurring 

between 35° and 40°C (Fig. 20). The rate at 42°C was 2.24 

percent, significantly higher (P<£.01) than the rate at 

40°C. 

The quantity of metabolic heat dissipated by 

evaporation from the moist surfaces of the respiratory 

system (metabolic efficiency) for the winter Gila 
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Fig. 19. Percent body weight lost as evaporative 
water at various ambient temperatures for winter-acclima
tized Gila woodpeckers. 

Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 17. 



TABLE 17* MEAN PERCENT BODY WEIGHT LOST (WATER) AT VARIOUS AMBIENT 
TEMPERATURES FOR SUMMER AND.WINTER-ACCLIMATIZEO GILA WOODPECKERS. 

TAMB NA N • MEAN + S , E O 95 PC CON INT RANGE T P 
WINTER 3 A 0 8 8 ,244 ,019 ,199 ,289 ,111 ,315 

SUMMER 4,9 8 8 ,357 ,042 ,258 ,456 O 242 O 553 3,903 SIGN 
WINTER 6 O 0 3 8 ,130 ,017 ,140 ,220 ,105 ,243 

SUMMER io,i 7 7 ,460 ,032 ,381 ,539 ,303 ,575 7,090 SIGN 
WINTER i 6 C.4 12 14 ,239 ,015 ,206 ,272 O 169 ,357 

SUMMER 15,0 7 7 ,320 ,051 ,195 ,445 ,127 ,488 1,706 NS 
WINTER 15 O 2 12 17 ,247 ,018 ,208 ,286 ,130 ,404 

SUMMER 19,9 S 8 ,369 ,056 ,236 ,502 ,208 ,629 3,119 SIGN 
WINTER 20, 4 12 20 ,235 ,016 ,202 , 268 ,143 ,366 

SUMMER 25,3 9 9 ,359 • 027 ,296 ,422 ,246 ,477 ,809 NS 
WINTER 25,1 12 13 ,328 ,023 ,279 ,377 , 160 , 5?7 

SUMMER 30»1 S 8 ,365 ,091 ,151 ,579 ,121 ,753 1,627 NS 
WINTER 30*0 12 18 ,263 ,014 ,233 ,293 • 180 ,444 

SUMMER 35.0 8 8 ,592 ,0S4 ,394 ,790 ,318 ,948 O795 NS 
WINTER 35 O0 4 8 ,519 ,037 ,431 ,607 ,415 ,709 

WINTER 37,4 4 5 O 814 .047 ,633 ,945 O661 ,932 

SUMMER 39 © 5 8 8 1,600 ,093 1,380 1,820 1,255 1,961 O920 NS 
WINTER 39,9 4 5 1,477 ,077 1,263 1,691 1,298 1,746 

SUMMER 41» 6 6 6 2,227 ,065 2,059 2,395 2,071 2,536 1 ,876 NS 
WINTER 41,9 4 6 2,025 , 036 1,805 2,245 1 ,775 2,304 

o 
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Fig, 20. Percent body weight lost as evaporative 
water at various ambient temperatures for summer-acclima
tized Gila woodpeckers. 

Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 17. 
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woodpeckers shows a curvelinear relationship with ambient 

temperature (Fig. 21 and Table 18). The rates at ambient 

temperatures 3° through 20°C are not different from one 

another (with the exception of an aberrant level at 5°). 

There is, however, a significant difference (P<£,01) be

tween the levels at 2 0° and 25°C. A second significant 

break occurs between 3 0° and 35°C, with all subsequent 

levels being significantly higher than the preceeding one 

(P values all<". 01). For the winter sample 100 percent of 

the metabolic heat was dissipated by evaporation at about 

40.5°C. At 42°C the quantity of heat dissipated by evapora

tion was equivalent to 129.8 percent of the metabolic heat. 

The mean metabolic efficiency for summer-acclimated 

birds at ambient temperatures 5-30°C was 14.9 ± 1.1, with 

a significant (PC.02) break of 106.4 percent between the 

temperatures of 30° and 35°C (Fig. 22: Table 18). One 

hundred percent of the metabolic heat was dissipated at 

about 40.2°C, and an equivalent of 118.8 percent of the 

metabolic heat was dissipated at 42°C, 

Gila Woodpecker - Body Temperature 

The mean body temperature over the ambient tem

perature range of 3-30°C for winter-acclimatized Gila wood

peckers was 39,4 ± .1°C (Fig. 23, Table 19). The fluctua

tions in body temperature between any two ambient tempera

tures over the range of 3-30°C were not significantly 
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Fig. 21, Percent metabolic heat dissipated by 

evaporative water loss for winter-acclimatized Gila wood 
peckers. 

Dice-Leraas graphs with range, mean and 95 percent confi 
dence intervals. Reduced data are in Table 18. 



TABLE 18. MEAN RESPIRATORY EFFICIENCY At VARIOUS AMBIENT TEMPERATURES 
FOR SUMMER AND WINTER-ACCLIMATIZED" GILA WOODPECKERS* 

TAM8 NA N- MEAN • <• S . E o 95 PC CON INT RANGE T P 
WINTER 3.0 3 8 8.719 1.153 5.993 11.445 3 . 845 7.210 

SUMMER 4.9 8 p, 9.718 1.068 7.192 12.244 6.652 14.753 4.013 SIGN 
WINTER 6 o 0 8 8 5.112 .420 4.119 6.105 3.205 6,435 

SUMMER 10.1 7 7 14.487 .717 T2.733 16.241 11.581 3 7 „ 113 7.076 SIGN 
WINTER i"o.4 12 14 8.626 .464 7.623 9.629 '5.274 11.398 

SUMMER 15 e 0 3 3 10.612 2.133 5»567 15.657 4,704 19,96" .262 NS 
WINTER 15,2 12 17 10.157 . 668 S. 741 11.573 5,557 14 0 9 0 6 

SUMMER 19.9 3 8 16.137 1.963 1 1e 481 20.793 9.322 26058l 2 . 77 6 SIGN 
WINTER 20.4 12 20 11.432 .743 9.876 12.988 5.818 16,797 

SUMMER 25,3 Q 9 17.280 1.734 13.282 21.278 11.119 24.571 5 833 NS 
WINTER 25.1 12 18 19.917 2.051 15.589 24.245 9.987 39.692 

SUMMER 30.1 8 8 21.072 4„ 763 9.803 32.336 ^3.980 4 0 e 6 6 3 1. 566 NS 
WINTER 30,0 12 18 15o672 1.007 13.547 17.797 10.678 25e 083 

SUMMER 35.0 3 8 43.499 6,528 28.061 58.937 22.760 74,132 1.110 NS 
WINTER 35.0 4 8 35.739 2.498 29.831 410 647 26.381' 47.829 

WINTER 37.4 4 5 57.941 2.621 50 »665 65.217 50.623 64,897 

SUMMER 39.5 8 8 99.571 5,943 85.504 113.638 33,009 128,222 .760 NS 
WINTER 39 o 9 4 5 92.867 5.726 76.971 108.763 31.209 113.393 

SUMMER 4 i. 6 6 6 118.776 5 = 536 104.543 133,009 102.741 134.337 *1,435 NS 
WINTER 41.9 4 6 129.826 5.354 116.062 143.590 114.466 143,625 
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Fig. 22, Percent metabolic heat dissipated by 
evaporative water loss for summer-acclimatized Gila wood
peckers. 

Dice-Leraas graphs with mean, range and 95 percent confi
dence intervals. Reduced data are in Table 18. 
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Fig. 23, Body temperature of v/inter-acclimatized 
Gila v/oodpeckers at various ambient temperatures. 

Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 19. 



TABLE 1 9 .  MEAN BODY TEMPERATURES AT VARIOUS AMBIENT TEMPERATURES 
FOR SUMMER AND WJ N T E R - i  A C C L I M A T I Z E D  G I L A  W O O D P E C K E R S *  

TAVB NA N MEAN * S*E* 95 PC C O N  I N T  R A N G E  T P 
WINTER S o l  8  8 39,3^8 .176 38*931 39*765 37*470 39*960 

SUMMER 4*9 8 8 38.775 » 326 38*003 39*547 37*1.70 40.320 *323 N S  

W I N T E R  6*0 S  
n  
O  38,907 *245 38*327 39*487 37*720 39*630 

S U M M E R  10*1 3 8  38.842 *416 37*859 39*825 37*620 40.870 1*109 N S  

WINTER 10*4 12 14 39*286 *191 38*873 39*699 38*190 .40.230 

SUMMER 15*0 5  8 39O250 .146 38*905 39,595 38*540 39.780 .778 N S  

W I N T E R  15*2 12 IB 39«455 .162 39*113 39*797 "3^O 99 0 40.920 

S U M M E R  19,9 8 8 39*398 .252 38*301 39*995 38*220 40.190 0 (39 NS 
WINTER 20*4 12' 20 39,561 *098 39O355 39,767 38*540 40.120 

SUMMER 25*4 10 10 39 * 703 *299 39*026 40*380 38*350 40*500 1 *528 N S  

WINTER 25 * 1 12 18 39*181 .193 38*773 39*589 37*490 40.230 

S U M M E R  30 O 1 8 8 39,811 *096 39*583 40*039 39*230 40.160 1*418 N S  

WINTER 30 <5 0 12 18 39•588 (? 095 39*387 39*739 39*070 40.420 

SUVMER 35,0 r% 
a 8 39,635 ,136 39*312 39*958 39*350 40.470 6 * 345 S I G N  

W I N T E R  35 o  0 r\ 
o 8 4 0*717 *102 40 * 475 40 0 959 40*220 41*050 

WINTER 37O4 6 6 41.038 *138 6 0.734 41*442 41*300 41045Q 

SUMMER 39.5 r t  O 3  41*360 * 122 41*072 41*648 4 0 * 810 41.630 3*623 S I G N  

WINTER 39.9 6  6  42«150 .194 41*652 42*648 41*300 24.650 

SUMMER 4 1 , 6  7  7 42.345 *203 4 I  * 8 4 8 42*842 4 1  o 5 4 0  43.200 ? 053 NS 
WINTER 41*9 6 6  42*333 .046 42*216 4 2 * 4 5 0  42*20 0 42.480 

<T\ 
\D 
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different, A highly significant increase (Pc.OOl) of 1.1°C 

occurred between the ambient temperatures of 3 0° and 35°C. 

The body temperature at 41.9°C was 42.3°C, a gradient of 

0.4°C from the animal to its surroundings. A regression 

line fitted to the points for body temperature at ambient 

temperatures 3 0 through 42°C has a slope of .2317. 

The body temperature of the summer birds over the 

lower experimental ambient temperatures (Fig. 24) did not 

differ from the winter sample (39.4°C for summer vs. 39.4°C 

for winter). A pronounced increase (1.8°C) in body tem

perature for the summer sample occurred between the ambient 

temperatures of 35° and 40°C, whereas hyperthermia for the 

winter sample began between 30° and 35°C. A regression 

line fitted to the body temperature data at ambient tem

peratures 30° through 42°C has a slope of .4020 which is a 

much steeper rise than occurred for the winter sample. At 

41.6°C the mean body temperature of the summer birds was 

higher than the ambient temperature by 0.7°C. 

Gila Woodpecker - Body Weight 

The "field weight" was the weight of the birds in 

the laboratory within an hour after capture. The mean 

field weights of summer and winter Gila woodpeckers are 

given in Table 8. There was no difference in field weight 

between the summer and winter samples when the sexes were 

combined. However, if the samples are split on the basis 
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Fig. 24, Body temperature of summer-acclimatized 
Gila woodpeckers at various ambient temperatures. 

Dice-Leraas graphs with range, mean and 95 percent confi
dence intervals. Reduced data are in Table 19, 
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of sex, there were significant differences between the two 

sexes in both the summer and winter samples (Table 8). 

Winter birds maintained their weight well in cap

tivity, with the maximum deviation being 5.8 percent (low) 

when the birds were tested at 6°C (compare data in Table 

8 with that in Table 20). 

The summer birds also maintained their body weight 

throughout the period of analysis. The weight during the 
I 

25°C analysis (first analysis after capture) was 15.8 per

cent low, but this did not affect the oxygen consumption 

rate as the 25°C data fits the regression line with no 

large deviation (Fig. 16, page 53). 



TABLE 269 WEAN BODY WEIGHT AT VARIOUS AMBIENT TEMPERATURES FOR 
SUMMER AND WINTER-ACCLIMATIZED GILA WOODPECKERS. 

TANB NA N MEAN • «• S.E. 95 PC CON INT RANGE T P 

WINTER 3 0 0 S 8 66 0 64 0 1.494 63.107 70.173 59.800 74.400 

SUMMER 4.9 8 8 62.950 1.767 58.772 67.128 57.000 68.800 .663 NS 

WINTER 6 0 0 S a 64,640 1.835 6 0 0 3 0 0 68.980 58.400 74.400 

SUMMER 10.1 3 8 610 910 1.513 58.333 65.487 55.400 67,500 i .742 NS 
WINTER 10.4 12 14 65.750 1.420 62.683 63.317 59.900 74e OOO 

SUKMER 15 0 0- S 8 61.230 1.720 57.162 65.293 55.200. 67.000 2 .141 SIGN 

WINTER 15o2 14 18 66o480 1.439 63.444 69.516 58.200 77.200 

SUMMER 19 0 9 3 8 59 o800 1.677 55.834 63 0 7 66 53.100 65.200 2 .844 SIGN 

WINTER 20 0 4 12 20 66.440 1.310 63.698 69.182 56.700 740I 00 

SUMMER 25.3 10 10 57.670 1.386 54.535 60.805 . 51.700 65,900 3 .576 SIGN 

WINTER 25 0 0 12 18 66 0 0 8 0 1.567 62.773 69.387 §4.200 78.500 

SUMMER 30.1 8 8 58.800 1.548 55.138 • 62.462 53.000 64.000 3 .445 SIGN 

WINTER 30 0 0 12 18 67.410 1.508 64.228 70.592 59.900 75.300 

SUMMER 35e0 8 S 59»5'50 1.688 55.558 63.542 52.000 65.200 4 .080 SIGN 

WINTER 35 0 0 8 r\ O 70.070 1.949 65.460 74.680 63 0 3 0 0 77.000 

WINTER 37.4 4 6 68.970 2.145 63.454 74.486 61.300 73.600 

SUMMER 39 0 5 8 3 60.570 1.795 56.324 64.816 53.100 66.700 3 .516 SIGN 

WINTER 39o9 4 6 69.900 1.908 64.994 74.806 63.800 75.200 

SUMMER 41,6 7 7 63.557 1.778 ' 59.206 67.908 58.300 70.000 2 • 540 SIGN 

WINTER 41 0 9 4 6 71.030 2.414 64.824 77.236 64.000 79,000 

CO 



DISCUSSION 

Standard Metabolism 

The data in Tables 8, 9, and 20 indicate a signifi

cant weight difference for the summer and winter samples of 

gilded flickers and Gila woodpeckers, with the winter birds 

of both species being heavier than the summer birds. Un-

analyzed such weight differences might mask the effects of 

seasonal environmental change on metabolism. 

The effect on metabolism due to weight alone for a 

species can be uncovered by comparing the actual measured 

summer and winter standard metabolism with the values ob

tained by employing an appropriate prediction equation. 

The Lasiewski and Dawson (1967) equation was used for this 

purpose. The measured and predicted standard metabolic 

rates for the two species, summer and winter values, are 

in Tables 3 and 11, and the following is the comparison 

made for the gilded flicker: 

Measured rate Weight Predicted rate based 
(ml 02/gm/hr) (gm) on weight (ml C^/gm/hr) 

Summer 1.603 91.8 1.317 
Winter 1.567 108.2 1.257 

.036 16.4 .060 

The difference in standard metabolism between the summer and 

winter samples is not significant (P >.05). There is, how

ever, a significant difference in weight (P<.05) between 

74 
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the summer and winter samples. When the standard metabolic 

rates are adjusted for the weight difference, there is 

still no significant difference in the rates between the 

summer and winter samples of gilded flickers. The devia

tions of the observed summer metabolism from the predicted 

summer rate (21.7 percent high) and the deviation of the 

observed winter rate from the predicted winter rate (23.8 

percent high) support the conclusion that the standard 

metabolism did not change significantly for. the gilded 

flicker. 

For the Gila woodpecker, the weight difference be-

tween the summer and winter animals does obscure a change 

in standard metabolism with changing season. As measured 

the heavier winter animal has a higher standard metabolism 

(1.739 ml 02/gm/hr) than the lighter summer bird (1.659 

ml 02/gm/hr). Normally one would expect the heavier animal 

to have a lower metabolism on a weight'-specific basis 

(Prosser and Brown, 1961). 

Using the prediction equation of Lasiewski and 

Dawson (1967), the winter metabolism of the Gila woodpecker 

should be 3.7 percent lower (=.064 ml 02/gm/hr) than the 

summer metabolism. The winter rate is actually 4.8 percent 

(=.080 ml 02/gm/hr) higher than the summer rate. The cal

culated difference (.144 ml 02/gm/hr) between the predicted 

and observed values represents a higher level of metabolism 
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for birds exposed to a colder environment which, however, 

maintain the same body temperature (39.4°C) as the warm 

season bird. 

The difference between the sexes in the measured 

standard metabolism for the Gila woodpecker during the 

summer (Fig. 17) is entirely a function of weight. The 

differences between the measured and predicted metabolic 

rates for the sexes were precisely the same (Table 11). 

During the winter, however, the female Gila woodpecker has 

a slightly higher metabolism than can be accounted for on 

the basis of weight alone. This higher metabolism may be 

a function of yolk deposition prior to the oncoming mating 

season, or, since the female is the lighter of the sexes, 

it may represent a higher plane of nutrition. 

An adjustment of the winter metabolism by the Gila 

woodpecker (combined sexes) is also indicated by the large 

deviation of the measured winter rate from the predicted 

rate for the winter bird by the Lasiewski-Dawson equation. 

The winter rate was 22.4 percent higher than predicted as 

opposed to the summer sample which was 11.7 percent higher 

than predicted. 

Acclimatization 

The empirically derived limits to the thermoneutral 

zones cannot be strictly applied to the results of the 

oxygen consumption analysis for the gilded flicker and Gila 



woodpecker. The true nature of the metabolic curves is 

parabolic and they have a thermoneutral point rather than 

a range of neutral temperatures (see King and Farner, 19 61 

Hart, 1962; Zimmerman, 1965; and Hudson and Kimzey, 1966). 

The concept of a thermoneutral zone implies that an animal 

can maintain a constant body temperature over a range of 

ambient temperatures by physical methods alone, i.e., ad

justments of its insulation (physical thermoregulation) 

without the aid of metabolic processes (chemical thermo

regulation) (King and Farner, 1961; and King, 1964). The 

parabolic nature of the metabolism curve indicates that 

there is no sudden shift from physical to chemical thermo

regulation (Scholander, et al., 1950; Dawson, 1958; and 

King, 1964). 

The metabolism of the summer sample of Gila wood

peckers was not tested at an ambient temperature of 37.5°C 

as it was for the winter sample. The summer rate at 37.5° 

is probably no higher than the summer ral^e at 35°C judging 

from the performance of the winter sample at 35°C and 

37.5°C. The higher upper critical temperature for the 

winter sample as opposed to the summer (Fig. 18) was not 

expected (see Hart, 1957) and may be an artifact resulting 

from the lack of summer data for 37.5°C. 

The Gila woodpecker undergoes hyperthermia at a 

lower ambient, temperature during the winter (between 
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3Q-35°C) than during the summer (between 35-40°C). The 

lower point of hyperthermia for the winter sample does not 

support a higher upper critical temperature for the thermo-

neutral zone of the winter sample. 

The lower critical temperature of the thermoneutral 

zone for the winter Gila woodpecker may be valid, as this 

is expected for cold acclimatized animals (Hart, 1957). 

I concur with King (1964) that these empirically derived 

limits of thermoneutral zones that show small scale dif

ferences, should not be assigned adaptive significance. 

The divergent backgrounds from which these two 

species have evolved (Short, 1965; Selander and Giller, 

1963) can be seen well in the single critical point on 

their parabolic metabolic curves. Because of the parabolic 

nature of the scatter diagrams of oxygen consumption for 

the summer and winter samples of gilded flickers (Figs. 3 

and 4), a critical point (ambient temperature) can be 

placed near 32° or 33°C for both seasons. A similar point 

can be placed about 36-37°C on the oxygen consumption 

figures for the summer and winter samples of Gila wood

peckers (Figs. 14 and 16). 

The acclimatization shown by the gilded flicker 

may be insulative (Hart, 1957; West, 1962) which results 

in a lowered metabolic rate for the winter sample of 

flickers at low ambient temperatures (Fig. 5 and Table 4). 
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Hart (1962) found four species of winter-acclimatized 

Canadian birds to have higher metabolic rates (metabolic 

acclimatization) at low ambient temperatures than summer-

acclimatized birds of the same species. Birds in general 

have been reported not to undergo insulative changes with 

season, which is common in mammals (Heroux, 1961), but to 

have higher metabolic rates during the cold season (Hart, 

1964). Kendeigh (1934) reported winter-acclimatized house 

sparrows to have 28 percent more feathers by weight than 

summer birds. Irving, however, (1964) comments that 

feathers cannot produce enough insulation for birds to 

survive in cold. While this may be true, it is instructive 

to note that Irving worked primarily with Arctic species. 

In the desert, the winter-acclimatized Gila wood

pecker has a lower metabolism than the summer Gila across 

the range of ambient temperatures below the lower critical 

temperature (Fig. 18 and Table 14). Because of the effect 

the weight difference had on the metabolism at neutral 

temperatures, I believe this difference in metabolism below 

the lower critical temperature for the Gila woodpecker is 

due to the weight difference that existed between the summer 

and winter samples, Thus, the Gila woodpecker shows no 

change in metabolism at the lower ambient temperature with 

season. This is reflected in a body temperature that is 

the same over the lower temperature range for both seasons 

(Figs. 23 and 24). 
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Scholander et al. (1950) found that tropical animals 

had steeper metabolic curves compared to Arctic forms. Al

though I did not work with entirely tropical or Arctic 

animals, this pattern does hold for the gilded flicker and 

Gila woodpecker (Figs. 25 and 26). The more northerly 

flicker has a lower slope to the metabolic curve during the 

winter than the more southerly Gila. While C. a. mearnsi 

may have some adaptations for existence in arid regions it 

carries the legacy of its relatives to the north. This 

legacy may be re-inforced by hybridization (see Short, 1965) 

and manifested in the acclimatization that I have demon

strated for the winter sample of C. a. mearnsi. 

The more southerly distributed genus Centurus, not 

having been exposed to the cold environment type of evolu

tion of Colaptes, shows no acclimatization to low ambient 

temperatures as demonstrated by the results of the work 

with Centurus uropygalis. 

The larger flicker, with a more advantageous mass-

to-surface area relationship, may benefit more from in

creased insulation than the smaller Gila woodpecker (Kleiber, 

1961). The relatively higher metabolism that the Gila 

exhibits at neutral ambient temperatures may be __an attempt 

by this species to compensate for its less advantageous 

mass-to-surface area relationship as compared to the 

flicker. 
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Fig. 25, Comparison of oxygen consumption for 
winter gilded flickers and Gila woodpeckers. 

Reduced data are in Tables 2 and 10, 
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Fig. 26, Comparison of oxygen consumption for 
summer gilded flickers and Gila woodpeckers. 

Reduced data are in Tables 2 and 10. 
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Respiratory Water Loss 

The respiratory water loss across the range of 

low ambient temperatures is higher during the summer than 

during the winter for both the gilded flicker and Gila 

woodpecker. This higher water loss during the summer is 

a result of obligatory water loss with the higher levels 

of oxygen consumption that occur for both species during 

the summer. Because of this, the respiratory efficiency 

which is calculated on the basis of water loss and oxygen 

consumption is higher during the summer for both birds 

over the low ambient temperature range. Where respira

tory efficiency is concerned, neither species seems to 

have an advantage over the other during the winter or 

the summer at temperatures below the lower critical tem

perature. 

At high ambient temperatures the Gila woodpecker 

loses more water and has a lower body temperature than the 

gilded flicker. However, its weight-specific oxygen con

sumption is slightly lower than that of the gilded flicker 

at high ambient temperatures during the summer and winter 

resulting in higher metabolic efficiency values for the 

Gila woodpecker for both seasons. The metabolic efficiency 

values for the Gila woodpecker are over 100 percent, indi

cating that at the high ambient temperatures tested the 
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Gila can lose through evaporative water loss all of its 

metabolic heat, plus some of the heat gained by exchange 

with its environment. 

The metabolic efficiency values for the gilded 

flicker are lower, but its body temperature is higher than 

that of the Gila at high ambient temperatures. This indi

cates that the larger bird (flicker) loses less water and 

with its larger mass is able to store some of its heat load 

when exposed to high ambient temperatures. 

Life in the Sahuaro Tree-hole 

Both the gilded flicker and the Gila woodpecker 

excavate holes in the sahuaro and use them to escape the 

harshest aspects of their environment. On cold, windy 

winter days both species can be seen peering from the pro

tective sahuaro tree-holes. I believe the tree-hole is 

more critical for the Gila during the winter, enabling the 

bird to escape a cold environment to which it does not 

adjust by either insulative or metabolic changes. However, 

the significance of the retreat for the Gila during the 

summer should not be underestimated. I have observed the 

Gila woodpecker to enter the tree-hole during the hottest 

hours of the desert day in June and July and to remain 

their for extended periods. Because the Gila relies on 

evaporative water loss to maintain body temperature, the 



85 

lower temperatures within the holes enable the birds to 

save valuable body water. 

The gilded flicker because of its winter acclima

tization to low ambient temperatures probably is not as 

dependent on the confines of the tree-hole during the cold 

season. However, during the summer they retreat to the 

tree-hole during the heat of the day as does the Gila 

woodpecker. 



SUMMARY AND CONCLUSIONS 

Parameters necessary to calculate the standard 

metabolic rate, respiratory efficiency, and the percent 

of body weight lost as evaporative water, were measured 

at various ambient temperatures for summer and winter-

acclimatized Gila woodpeckers and gilded flickers. 

The metabolic rate of winter gilded flickers shows 

a pronounced effect of cold weather acclimatization. The 

regression equation for the winter line below the lower 

critical temperature is M = 3.465 + (-.057)T and for the 

summer M = 4.680 + (~.106)T. 

The thermoneutral zone for summer acclimatized 

flickers extends from 29.0° to 34.0°C and for winter birds 

33.4° to 34.4°C. 

Gilded flickers did not show a significant separa

tion of the sexes on the basis of standard metabolism for 

either summer or winter-acclimatized birds. 

The Gila woodpecker shows acclimatization of ' 

standard metabolism. The difference in metabolic rate be

tween the summer and winter samples below the lower critical 

temperature is due to a weight difference that existed 

between the summer and winter birds. 

86 
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The regression equations describing the metabolism 

of summer and winter-acclimatized Gila woodpeckers have 

similar slopes (-.091 summer, -.092 winter). There is, 

however, a significant reset to the y-intercepts due to 

weight. 

The thermoneutral zone for summer acclimatized 

Gila woodpeckers extends from 34.3° to 35.6°C and for winter 

birds 30.2° to 37.8°C. 

The metabolism of the summer-acclimatized Gila 

woodpeckers can be separated on the basis of sex. The 

separation is due to the weight difference between the 

sexes. During the winter, however, the female has a slight

ly higher metabolism than can be accounted for by weight. 

The percent body weight lost as evaporative water 

was constant and at the same level at low ambient tem

peratures in summer and winter-acclimatized Gila woodpeckers 

with significant increases (P ̂ .01) occurring between 35° 

and 40°C for summer birds and between 30° and 35°C for 

winter birds. Summer and winter gilded flickers follow 

the same pattern as Gila woodpeckers for percent body 

weight lost as evaporative water at low ambient tempera

tures. 

The respiratory efficiency of summer-acclimatized 

Gila woodpeckers is significantly higher (P/C.05) than 

winter birds at low ambient temperatures (5° and 10°C). 
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Significant increases occur between 30° and 35°C for the 

winter and between 3 0° and 35°C for the summer birds. For 

summer and winter gilded flickers the respiratory efficiency 

was constant and at the same level at low ambient tem

peratures (5° and 10°C). Significant increases occur be

tween 35° and 40°C for summer birds and between 3 0° and 

35°C for winter birds. 

The body temperature of winter-acclimatized Gila 

woodpeckers is constant (39.4°C) at ambient temperatures 

3° to 30°C. Above 30°C, significant increases occur be

tween each experimental ambient temperature. The body 

temperature for summer birds (39.4°C) at low ambient tem

peratures did not differ from that of the winter birds. 

There was a significant increase at 37.5°C and between 

each ambient temperature above this point. 

Winter flickers hold a constant body temperature 

(38.9°C) at ambient temperatures below 30°C. A signifi

cant increase occurs between 30° and 35°C. The body tem

perature of summer flickers (39.5°C) is significantly 

(P<.05) higher over the low ambient temperature range. 

Hyperthermia began for the summer bird between 35° and 40°C. 

These two peciform species, the Gila woodpecker 

and the gilded flicker, use sahuaro tree-holes throughout 

the Sonoran Desert. In fact the geographic distribution 

of the species Centurus uropygalis and the subspecies 
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Colaptes auratus mearnsi are indeed nearly restricted to 

the geographic distribution of the sahuaro (Cereus gi-

ganteus). 

The Gila woodpecker does not show acclimatization 

from summer to winter below the lower critical temperature. 

The offset that is seen is due to a summer-winter weight 

difference, the winter bird being, heavier than the summer 

bird. The lack of acclimatization in this species may be 

related in part to the origin and distribution of the 

species. The genus Centurus does not extend into the north 

temperature regions of North America but ranges over the 

southern portion of the United States, into Mexico and 

Central America. And, as noted, C. uropygalis is a sahuaro 

species. 

•Unlike the Gila woodpecker, the gilded flicker 

shows a significant seasonal acclimatization in metabolic 

rate between summer and winter at low ambient temperatures. 

The widely polytypic gilded flicker has a more plastic 

genetic background than the Gila woodpecker. The North 

American flickers are considered to be conspecific with five 

subspecies groups of the species Colaptes auratus recog

nized. Part of the genetic background for cold temperature 

acclimatization of northern flickers may be present in the 

gilded flicker of the Southwest. 
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