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ABSTRACT 

Metabolic heat production affects body temperature 

in Rolistes comanchus (Hymenoptera, Vespidae), and some 

physiological thermoregulatory strategies may be employed, 

but body temperature in this wasp is closely correlated 

with ambient temperature and behavioral adjustments may be 

the most important mechanisms of thermoregulation. Both 

resting metabolic rate and total evaporative water loss 

(EWL) increase with ambient temperature in P. comanchus 

and P. fuscatus. Estimates of Qua indicate that metabolic 

rate in P. -fuscatus is more temperature-sensitive in the 

range 28-38 C than from 18-28 C. EWL is independent of 

air velocity over the range 1.7 to 4.2 centimeters per 

second. Free-living P.comanchus exhibit increased temper— 

ature tolerance with chronic exposure to high temperature 

and laboratory measurements indicate that thermal con

ditioning substantially decreases evaporative water loss 

in P. fuscatus. Acclimation had a negligible effect on 

resting metabolic rate in this species. Therefore, acclim-

ation-induced reductions in resting metabolic rate cannot 

explain the observed reductions in EWL in wasps acclimated 

to high temperatures. Changes in ventilation patterns or 

changes in cuticular permeability may be responsible. 

vi i i 



INTRODUCTION 

Temporal or spatial transitions into hot, dry 

environments impose problems due to increased rates of 

energy expenditure because of thermal effects on metabolic 

rate and increased rates of evaporative water loss. 

Polistes colonies undergo an annual cycle, with colony 

growth commencing in the spring and continuing through

out the summer and into fall. Individual wasps may live 

for many weeks and must be able to remain active as daily 

temperatures increase through spring and into summer. 

During colony initiation, midday temperatures from 20 C to 

22 C are common; these temperatures increase to 40 C or 

more in mid-summer. 

In this study, I have attempted to identify the 

physiological and behavioral adjustments which allow wasps 

to remain active as ambient temperatures and humidities 

vary over the course of the annual cycle, and to identify 

the significance of these adjustments in the life history 

of the individual. 

Temperature regulation has been examined in a 

variety of insect orders (Parry 1951; Sotavalta 1954; 

Digby 1955; Church 1960a, 1960b; Laird and Winston 1975; 

Bartholomew 1981; Casey 1981; Kammer 1981; Hegel and Casey 
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1982; Chappell 1983a, 1983b; May and Casey 1983), 

including Hymenoptera (Ishay 1973; Heinrich 1975a, 1975b, 

1979; Cohen 1984; Curtis 1985). Water balance has also 

been examined in many groups (Johnson 1942; Wigglesworth 

1945; Barton-Browne 1964; Beament 19613; Edney 1979; Jackson 

1983). Some work on temperature regulation and water 

balance of Hymenopteran colonies (Ishay 1973; Seeley and 

Heinrich 1981), and on cold adaptation in wasps has been 

undertaken (Gibo 1972). I am aware of no previous studies 

of thermoregulation and water balance of individual wasps, 

away from the nest. 

Some species of insects, especially members of the 

Hymenoptera and Lepidoptera, are endothermic temperature 

regulators with high levels of oxygen consumption during 

activity (Heinrich 1970, 1980, 1982; Bartholomew, et al. 

1981; Chappell 1982), yet are essentially poikilothermic 

when at rest. I will present data clarifying the relation

ship between body temperature and ambient temperature in 

Polistes wasps, as well as measurements of resting metab

olism and its relationship to temperature. 

Thermal conditioning (which is termed acclimatiz

ation if it occurs under field conditions and acclimation 

if in the lab) may increase tolerance to high temperatures 

in insects (Fraenkel and Hopf 1940; Levins 1969; Davison 

1970) and can influence metabolic rate (Dehnel and Segal 



1956; Buffington 1969). After examining the effects of 

thermal acclimation and of exposure to varying humidities 

on survival in Drosophila at various temperatures, Maynard 

Smith (1957) suggested that survival may be enhanced by 

reductions in respiratory evaporative water loss or 

through an increased tolerance to desiccation conferred 

by acclimation, but did not identify possible mechanisms 

for these changes. 

I also present data which show that thermal con

ditioning at high ambient temperature reduces total evapor— 

ative water loss (EWL) in a paper wasp, Polistes fuseatus. 

Although oxygen consumption in P. fuscatus varies with 

ambient temperature and perhaps with thermal history of the 

individual organism, my data suggest that downward adjust

ments in metabolic rate alone do not account for the reduc

tion in total evaporative water loss brought about by such 

conditioning. Modifications in cuticular transpiration or 

in ventilatory patterns may be responsible for the observed 

reductions. 



MATERIALS AND METHODS 

Animals and Environments 

Wasps Mere located and captured in three principal 

areas in southeastern Arizona. Most of the field work 

involving Polistes comanchus was performed at an elevation 

of 900 m on the western bajada of the Rincon Mountains in 

the Rincon Mountain Unit of Saguaro National Monument. 

Saguaro cactus (Carnegiea gigantea), foothill paloverde 

(Cercidium microphyllum) and mesquite (Prosopis juliflora) 

are the dominant plant species in this community. Several 

species of Opuntia and Encelia farinosa are also abundant. 

Less frequently, P. comanchus were captured at Pima Canyon 

(elevation 900 m>, approximately 11 miles north of Tucson, 

Pima County, Arizona. The plant associations at Pima 

Canyon are very similar to those at Saguaro National 

Monument. 

P. fuscatus were occasionally captured in the 

desert areas, but more frequently in mesquite groves 

adjacent to irrigated pastures 7 to 9 miles east of 

Tucson. P. fuscatus are typically found in less xeric 

areas than are P. comanchus but the two species may oc

casionally be seen foraging in the same trees. 

P. fuscatus constructs aerial nests suspended by 

thin pedicels from the inner branches of mesquite or palo 
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verde trees, P. comanchus typically constructs nests in 

rocky crevices. The wasps are essentially inactive at 

night, becoming active as ambient temperatures begin to 

rise at early to mid-morning, depending on the season. 

Typically, one or two wasps become active very early in the 

morning, and appear to act as sentinels for the colony. 1 

have observed these sentinels and other individuals "flut

ter" their wings on cool mornings. This activity usually 

preceeded flight and therefore may be a thermoregulatory 

mechanism to increase body temperature. 

As temperatures rise, more and more wasps become 

active, until, during the warmer times of the day, most 

wasps have left the nest foraging trips. 

Wasps were captured away from the nest; while at 

the nest, the wasps were very sensitive to disturbances or 

the approach of an intruder. 

Body Temperature Measurements 

1 measured body temperatures of wasps in the field 

with either a 29 gauge copper/constantan needle probe 

(Sensortek Inc., Clifton, N.J.) or copper/constantan 

probes made from 26 gauge hypodermic needles, each used in 

conjunction with a Bailey Bat-12 thermocouple thermometer 

(Bailey Instruments, Clifton NJ). The Bat-12 was 

calibrated against a mercury thermometer traceable to the 

National Bureau of Standards. 



I measured wasp body temperatures by capturing 

individuals with an insect net; while restraining the wasp 

in the folds of the net, I measured ambient temperature 

with the thermocouple and then inserted the probe into the 

thorax and the abdomen of the animal, respectively. While 

measuring body temperature, the animal was held against a 

small styrofoam block or the shaded surface of a field pack 

to reduce heat gain or loss by conduction. The entire 

procedure usually took less than five seconds; the animal 

was then released or placed in a vial for transport to the 

laboratory. 

Resting Metabolic Rates 

I measured resting metabolic rates (as ml 03 min"1 

of wasps using a closed system technique similar to that of 

Vleck and Vleck (1980). A wasp was placed in a metab

olism chamber (a glass culture bottle) within a darkened 

constant-temperature cabinet at the desired temperature. 

The wasp remained undisturbed in the cabinet for at least 

20 minutes prior to the measurement period to allow the 

temperature within the metabolism chamber to equilibrate 

with the cabinet temperature. To eliminate the effects of 

circadian rhythm on the results, all measurements of 

metabolic rate were made between 0800 h and 1200 h. Runs 

usually lasted between 120 and 140 minutes. 
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Oxygen content of the chamber air at the beginning 

and end of each run was measured by aspirating a 50 ml 

sample and injecting the air through a column of Drierite 

(W.A. Hammond Drierite Co.f Xenia, Ohio) and Ascarite 

(Arthur H. Thomas Co.; Philadelphia, PA) to remove water 

vapor and COa, respectively, and into an Applied Electro

chemistry S-3A oxygen analyzer with a Harvard Instruments 

syringe pump. To assure the chamber interior was at 

atmospheric pressure during the test run, prior to aspi

rating the test sample 50 ml of room air were injected 

into the chamber. The syringe plunger was pumped to mix 

the air, and the test sample was removed. The 50 ml test 

sample and a like volume of room air were injected into 

the analyzer simultaneously and the difference in sample 

oxygen concentrations was recorded to the nearest .001% Q=. 

The effect of ambient temperature on resting 

metabolic rate in P.fuscatus was determined by measuring 

metabolic rates at 18 C, 28 C and 38 C. 

Evaporative Water Loss 

Total evaporative water loss in each wasp was mea

sured using a gravimetric technique. An electric, dia

phragm pump (Applied Electrochemistry, Sunnyvale, CA) 

pumped air through a column of Drierite, an evaporation 

chamber, and another column of Drierite. A calibrated 

flowmeter (Matheson Co.) was used to measure flow rate. A 



rigid, plastic tube with a diameter of 10 mm served as the 

evaporation chamber. This narrow diameter tube effec

tively restricted wasp activity during the test runs. 

During measurements, wasps were retained in the tube by 

netting placed over both ends. The entire system except 

the pump and the rotameter was contained within a darkened 

constant-temperature cabinet. Several feet of coiled 

copper tubing upstream from the animal assured temperature 

equilibration between the air stream and the cabinet 

interior. The quantity of water lost through evaporation 

during the test period was determined by weighing the 

Orierite downstream from the evaporation chamber at the 

beginning and end of each test run. If the wasp defecated 

or regurgitated during the run, the data were discarded. 

The effects of temperature and wind speed (speed of 

air moving past the animal in the chamber) on evaporative 

water loss was examined for P. comanchus. Rates of EWL 

were measured at 26 C and 38 C and air speeds of approx

imately 1.7, 3.0, and 4.2 centimeters per second. Air 

velocity was calculated by dividing the measured flow 

rate by the cross-sectional area of the evaporation chamber 

minus the cross-sectional area of the wasp. Air speeds 

were chosen to approximate the slow flying speeds of 

Polistes during foraging. 



Critical Thermal Maximum 

P. comanchus were collected weekly between 30 

February and 31 July, 1985 and returned to the laboratory 

for determination of critical thermal maximum (CTmax). 

Individual P. comanchus were confined in 50 ml 

erlenmeyer flasks immersed in a water bath. The temper— 

ature of the bath was controlled with a Thermontix II 

temperature regulator (Bronwill Scientific Division, Will 

Corp., Rochester, NY) adjusted to increase bath and chamber 

temperature by approximately 1° C every 2 minutes. Cham

bers were ventilated with an airstream saturated with 

water vapor at chamber temperature to eliminate evapo

rative cooling by the wasps. The temperature of the water 

bath and of the test chambers were measured throughout the 

test run simultaneously with a mercury thermometer and a 

Bailey Bat-12, respectively. 

At the beginning of each test run, a wasp was 

placed in a chamber and the temperatures of the bath and 

chamber were recorded. The Thermomix II was then turned 

on, and temperature was recorded every minute. Wasps were 

observed throughout the test period; CTmax was defined for 

purposes of this experiment as the temperature at which 

the animal lost muscular control, characterized by an 

inability to remain upright. 
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Acclimation Experiments 

The effects of thermal acclimation on resting 

metabolism and evaporative water loss were examined using 

P. fuscatus. Wasps collected in the field were divided 

randomly into two groups and held for acclimation. No 

difference was found in EWL or resting metabolic rate of 

male and female wasps and they were therefore not segre

gated on the basis of sex (females did outnumber males 

substantially, however). A solution of sucrose and honey 

in water was provided to the wasps ad libitum during the 

acclimation period, which ranged from 10 to 14 days. Of 

each collection group, half were held in the laboratory at 

23 +/- 1 C, the others in an Environ-room or constant 

temperature cabinet at 33 C; both with a photoperiod of 

approximately 11L:13D. Relative humidity was not con

trolled during the acclimation period. 

Following the acclimation period, total evaporative 

water loss and resting metabolic rate were measured for 

each wasp. EWL was measured at 38 C as previously de

scribed. This is near the highest ambient temperature at 

which P.fuscatus is active in the field. 

Resting metabolic rates (as ml Q= rain-1) in 

acclimated wasps were measured using the technique de

scribed previously. Rates for wasps from each acclimation 

group (23 C or 33 C) were measured at 18 C, 28 C and 38 C. 



RESULTS 

Body Temperatura 

Body temperature in Polishes comanchus is closely 

correlated with ambient temperature (one-way ANQVA, F = 

165.05) (Table 1). P. comanchus in the field were found to 

have thorax temperatures ranging from 24.9 C early in the 

spring to 40.4 C in mid-summer. However, thorax temper— 

atures of active P. comanchus were consistently great

er than ambient temperature at site of capture (Figure 1). 

Abdomen temperature was almost always less than thorax 

temperature and closely paralleled ambient temperature 

(F = 194.48) (Figure 2). 

In a uniform environment, a poikilotherm should 

follow the relationship Te» - T«. A regression of Tb on T« 

would be expected to have a slope of 1 and a y-intercept of 

zero. Linear regression revealed a y-intercept greater 

than zero (Figure 1); this suggests that metabolic heat 

production and/or solar radiation have a substantial 

effect on thorax temperature in P. comanchus. The temper— 

ature excess was linearly related to ambient temperature 

(F = 9.14, p < .005 (Table 3)) and, as ambient temperature 

increased, the difference between Tt> and T« (the temper— 

ature excess) decreased (Figure 3). In addition, as 

ambient temperature increased, the difference between 
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Figure 1. Thorax temperature as a function of ambient 
temperature in Polistes comanchus 
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Figure 2. Abdomen temperature as a function of ambient 
temperature in Polistes comanchus 
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Figure 3. Temperature excess as a function of ambient 
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Table 1. 

ANQVA for relationship of linearity between thorax tem
perature and ambient temperature in Polistes comanchus 

Source of Observed 
Variation SS d.f. MS F 

Regression 460.13 1 460.13 118.90* 

Residual 170.13 44 33.87 

Total 630.26 45 

- p < .005 
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Table 2. 

ANOVA for relationship of linearity between abdomen 
temperature and ambient temperature in Polistes comanchus 

Source of Observed 
Variation SS d.f. MS F 

Regression 547.35 1 547.35 195.48* 

Residual 114.72 41 2.80 

Total 662.07 42 

- p < .005 
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Table 3. 

ANQVA for relationship o-f linearity between temperature 
excess «nd ambient temperature in Polistes comanchus 

Source o-f Observed 
Variation SS d.f. MS F 

Regression 24.96 1 24.96 9.14-

Residual 117.29 43 2.73 

Total 142.25 44 

- p < .005 



thorax temperature and abdomen temperature decreased 

(Figure 4) (F = 7.76, p < .05 (Table 4)). These data are 

evidence for thermoregulation, either behavioral or physio

logical . 

These results are expected if, in fact, P. coman— 

chus employs the transferring of heat from thorax to 

abdomen as a strategy to regulate thorax temperature. 

Flying insects produce relatively large amounts of heat in 

their thorax due to contraction of flight muscles. In hot 

environments, thoracic temperature may be maintained 

within tolerable limits by pumping warm hemolymph from 

thorax to abdomen, which serves as a radiator (Heinrich 

1976; May and Casey 1983). The inverse correlation be

tween the thorax-abdomen temperature difference and am

bient temperature (Figure 4) supports this hypothesis. 

Abdomen temperatures in the field were always less than 

thorax temperatures, facilitating the exchange of heat, 

and were usually only slightly different than ambient 

temperature. It is also possible that this observation 

may be a result of passive, non-regulatory heat exchange. 

The lowest ambient temperature at which active P. 

comanchus were observed was 21.0 C on a spring morning, 

while the highest ambient temperature was slightly over 

40.0 C. Activity at temperatures above 38 C was unusual. 

In these cases, body temperature typically was somewhat 
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Figure 4. Thorax temperature minus abdomen temperature 
as a function of ambient temperature in 
Polistes comanchus 
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Table 4. 

ANQVA -for relationship of linearity between thorax temp
erature minus abdomen temperature and ambient temperature 
in Polistes comanchus 

Source a-f Observed 
Variation SS d.f. MS F 

Regression 104.56 1 104.56 7.76* 

Residual 579.74 43 13.48 

Total 684.30 44 

~ p < .05 



lower than ambient temperature. Because body temperatures 

are correlated with ambient temperature, it is not surpris

ing to find that body temperatures increase with monthly 

average temperature (Figure 5), just as do ambient temper

atures. 

At moderate ambient temperatures Polistes divide 

foraging time between sun and shade. When ambient temper

atures in the field exceeded 37 C or 38 C, Polistes I ob

served nearly always foraged exclusively in the shade and 

entered the sun only when leaving from or returning to the 

nest. Shuttling behavior and adjusting the proportion of 

time spent in the sun may allow Polistes to maintain activ

ity on both hot and cool days and to exploit its environ

ment more completely. 

Metabolism 

As ambient temperature increases, resting meta

bolic rate of P. fuscatus also increases (Figure 6). Over 

the temperature range 18 C to 28 C, the Qua was 1.17. The 

Qto increased to 1.48 between 28 C and 38 C. The higher 

Qua indicates that metabolic rate functions are more 

temperature-sensitive at higher temperatures. Neverthe

less, Qia's were surprisingly low overall suggesting that 

Polistes is relatively insensitive to wide variations in 

temperature. 
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Figure 5. Mean thorax temperature as a function.of 
average monthly temperature in Polistes 
comanchus 
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Figure 6. Mean resting metabo)ic rate as a function 
of ambient temperature and acclimation 
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acclimation temperatures of 23 C and 33 C, 
respectively. 
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An adaptive compensatory mechanism may be invoked 

which allows the wasps to maintain activity at the higher 

temperatures encountered later in the annual cycle. 1 

believe this compensatory mechanism is acclimatization. 

Evaporative Water Loss 

Evaporative water loss in P. comanchus is corre

lated with temperature (Figure 7) (F =» 80.26, two way 

ANOVA). In this study, the increase is independent of air 

speed (F = .510). EWL was not significantly affected 

by air speeds of the magnitudes employed in this study. 

Critical Thermal Maximum 
and Acclimation Experiments 

CTmax in P. comanchus shows a weak, but signi

ficant, positive correlation with day of year (shown in 

the figure as capture date) (Figure 8). This supports the 

hypothesis that acclimatization occurs in the field. In 

P. fuscatus, acclimation affected total EWL (Figure 9). 

The difference in total EWL between the acclimation groups 

was significant (p < .06)5, Student's t test). 

Thermal history can affect the metabolic rate of 

insects, so I compared resting metabolism between acclim

ation groups to determine if this acciimatory effect occurs 

in P. fuscatus. Resting metabolic rates were measured in 

each of the acclimation groups at 18 C, 28 C and 38 C 

(Figure 6). Although slight observable reductions in rate 



square: Ta=38 C 

diamond: Ta=26 C 

(+/- s.d.) 

I 
I 

1.7 3.0 4.2 
air speed (cm/sec) 

Figure 7. Total evaporative water loss as a function 
of air speed and ambient temperature in 
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in two o-f the warm-acclimated groups were noted, in no 

case were these reductions significant. 



DISCUSSION 

Polistes: Homeotherm or Poikilotherm? 

A graph of body temperature against ambient temper

ature for Polistes comanchus yields a regression line with 

a y-intercept greater than zero. This suggests that meta

bolic heat production exerts a substantial effect on body 

temperature. Radiative heat gain could produce an ele

vated body temperature with respect to ambient temper— 

ature, but because the temperature of the thorax (where 

metabolic heat is produced by the flight muscles) exceeds 

that of the abdomen, metabolic heat is probably the more 

important factor. The convergence of T*n on T.bcj (Figure 

4) suggests that Polistes employs thermoregulatory tactics 

to maintain body temperature within tolerable limits at 

high ambient temperatures. One such tactic is physio

logical; Polistes apparently shunts metabolic heat from 

thorax to abdomen at high ambient temperature and uses the 

abdomen as a radiator. Behavioral tactics Polistes em

ploys includes avoidance of activity during periods of 

high environmental heat loads, and an effective use of 

microhabitat selection, allowing the wasps to remain 

active on hot days yet avoid excessive heat uptake from 

the environment. 
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Polistes comanchus and P. fuscatus spend a large 

amount of -foraging time in and around mesquite (Prosopia) 

and palo verde (Cercidium) trees, and the desert broom 

(Baccharus). This vegetation provides large amounts of 

shade, and temperatures within the canopies of these trees 

are frequently several degrees less than in shadeless 

areas. Body temperatures in individual Polistes carnifex 

increase as much as 5°C when the wasps are exposed to 

direct solar radiation for as little as 2 minutes (per

sonal observation). For a wasp foraging at ambient temper

atures approaching CTmax, this may be an intolerable 

increase that could preclude sustained activity in full 

sun at high ambient temperature. 

At moderate ambient temperatures, Polistes divide 

foraging time between sun and shade. When ambient temper— 

atures in the field exceeded 37 C or 38 C, Polistes I ob

served nearly always foraged exclusively in the shade and 

entered the sun only when leaving from or returning to the 

nest. Shuttling behavior and adjusting the proportion of 

time spent in the sun may allow Polistes to maintain activ

ity on both hot and cool days and to exploit its environ

ment more completely. 

It is possible that Polistes maintain their body 

temperatures between a pair of "set points"; when the lower 

set point is reached, the wasp exposes itself to the sun; 



when the upper set point is reached, the wasp flies into 

the shade. In my study, body temperatures of wasps at a 

given ambient temperature often varied 2 or 3 degrees 

between wasps. These data are consistent with this set 

point hypothesis, although they do not provide conclusive 

evidence. 

Evaporative Water Loss 
and Water Balance 

In the laboratory, total evaporative water loss 

from P.fuscatus and P.comanchus in dry, 38 C air frequently 

exceed 10 per cent of initial body weight per hour. During 

the hottest summer months in the deserts of southeastern 

Arizona, ambient temperatures often exceed 40 C with rela

tive humidities of 5 to 15 percent. I measured EWL in 

resting wasps and at low wind speeds. Active animals in 

the field should experience even higher rates of water 

loss, and may experience a serious dehydration problem 

during dry periods . Wasps obtain pre-formed water in 

their diet from nectar, and drink free water if it is 

available. P. comanchus, however, is often found in xeric 

desert areas almost devoid of free water. In the dry 

weeks preceeding summer rains when few flowers are in 

bloom and vegetation exhibits outward signs of water 

stress, P. comanchus becomes very scarce. This is prob

ably a result of inadequate water availability. 
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Adaptive Significance of Acclimatization 

One important result of acclimatization in Polistes 

is an increased tolerance to high temperatures. This is of 

ecological significance because it allows a wasp to be 

active for foraging and reproduction when environmental 

temperatures are high. Polistes colonies are annual, with 

colony growth commencing in the spring and persisting 

through the hottest summer months and terminating in the 

fall. Ambient temperatures in the desert increase stead

ily through August, and Polistes body temperatures mirror 

this increase in ambient temperature (Figure 5). Polis-

tes collected in the spring were not able to tolerate the 

high temperatures of the summer months, so the acclimation 

response is both experimentally demonstrable and ecol

ogically necessary. 

Activity when temperatures are high increases the 

risk of desiccation. In the Polistes I studied, accli

mation to 33 C reduced evaporative water loss by 80 per 

cent with respect to 23 C acclimated wasps. 

Reduction in Evaporative Water Loss; 
Possible Mechanisms 

There are a number of possible mechanisms that 

might contribute to this reduction in EWL. Transcuticular 

water loss in insects increases gradually up to a species-

typical "transition" point, beyond which a dramatic 



increase in cuticular permeability occurs (Chapman 1982). 

The increasing temperature is believed to affect the 

water—proofing ability o-f the lipids present in the epicut

icle (the so-called "monolayer" (Hackman 1971)) of insects 

by overwhelming van der Waals farces holding the layer 

patent (Chapman 1982). Chronic exposure to high temper— 

atures below the transition point may also lead to a 

reorganization or rearrangement of these molecules which 

decreases the permeability of the cuticle (Edney 1977). 

Alternatively, it has been suggested that no actual 

monolayer exists (Edney 1957; Hackman 1971), and that the 

impermeability of the cuticle is a result of lipids present 

throughout its structure. Edney (1977) has suggested that 

a change in the crystalline structure of these lipids is 

actually responsible for the increase in permeability with 

increasing temperature, particularly above the transition 

point. Acclimation may therefore bring about biochemical 

changes throughout the cuticle resulting in the effects 

observed in this study. 

Reductions in metabolic rate could also contribute 

to the reductions in EWL observed in acclimated wasps. In 

some insects, acclimation to high temperature results in a 

reduced metabolic rate at a given temperature (Baldwin 

1954; Baldwin and House 1954; Dehnel and Segal 1956; 

Levins 1969; Buffington 1979). If this were the case for 
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Polistes, the reductions in EWL with acclimation may be a 

secondary effect. In this study, reductions in metabolic 

rate associated with acclimation at high temperature were 

statistically insignificant and are insufficient to ac

count for the substantial EWL reductions observed. 

A final possibility involves the control of ventil

ation in the tracheal respiratory system. Respiration in 

insects employs an elaborate, branching tracheal network 

through which gases diffuse from the environment and then 

across the walls of the tracheae and into the tissues. Air 

enters the tracheal system through a series of openings, 

the spiracles, along the length of the animal's body. 

Gas exchange with the environment is enhanced by the 

employment of muscular movements of the body, particularly 

a rhythmic abdominal pumping, which effectively increase, 

then decrease the volume of the abdomen (Chapman 1982). 

By alternating the opening of various spiracles, an effec

tive one-way flow of air can be generated. 

The spiracles are under neural control. Typically, 

they open in response to an increase in partial pressure of 

C03 in the region of the spiracle. An open spiracle is an 

avenue for evaporative water loss. In desert insects, it 

is particularly important to control the spiracles to 

prevent continuous water loss. Respiratory evaporative 

water loss may be reduced not by reducing oxygen 
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consumption, per se, but by changing the ventilation 

pattern (Chapman 1982; Schmidt-Nielsen 1982). Such pattern 

changes may be mediated by acclimation. 

The oxygen consumption of wasps in this study was 

measured using a closed, constant volume technique. As 

such, it provides a record of average oxygen consumption 

over the time of the experiment, but does not allow observ

ation of changes in oxygen consumption over that time. 

Bartholomew, et al (1981) used a flow-through method to 

measure "instantaneous" oxygen consumption in moths. This 

technique can be used to measure changes in oxygen consump

tion, and perhaps ventilation patterns, over time. Observ

ing abdominal pumping patterns or measuring oxygen con

sumption using the technique of Bartholomew, et al. may 

clarify the importance of altered ventilation patterns on 

evaporative water loss. 



SUMMARY AND CONCLUSIONS 

In terms of body temperature and its regulation, 

Polistes comanchus and Polistes fuscatus represent an 

intermediate state between endothermic homeothermy and 

poikilothermy. Although body temperature is closely 

correlated with ambient temperature, it appears that 

metabolic heat production results in a significant in

crease in thoracic temperature. Field observations sug

gest that Polistes adjust their behavior to maintain body 

temperature within tolerable limits. 

Resting metabolism in these species increases with 

increasing temperature, but Qia values are less than 2 in 

the temperature range where wasps are normally active. 

This suggests metabolic compensation to temperature. Meta

bolic rate in Polistes fuscatus is more sensitive to 

temperature in the range 28-3B C than at lower temper— 

atures. 

Total evaporative water loss in Polistes fuscatus 

increases with temperature. Over a range of air speeds 

from 1.5 to 4.2 cm/sec convection does not appear to 

affect EWL. These air speeds approximate the air speeds 

experienced by Pollstes during leisurely flight. 

Free-living P. comanchus appear capable of acclim

atization which increases their tolerance to high ambient 
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temperatures. This ability confers an ecological advantage 

on the species, allowing an individual to remain active at 

higher temperatures for foraging and reproductive activ

ities. Activity at high temperatures also exposes wasps to 

an increased risk of desiccation, however, and laboratory 

measurements on P. fuscatus indicate that acclimation to 

high temperature results in a reduction in total evapo

rative water loss with respect to low-temperature accli

mated wasps. This may represent an additional ecological 

advantage to an individual; the low relative humidities 

and shortages of available water which often accompany 

high environmental temperatures in the desert may pose 

less of a problem to an acclimatized wasp. 
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