


THERMAL ENVIRONMENT OF SNOWY PLOVER NESTS 181 

-5 

20 30 40 

Surface or Air Temperature (“C) 

FIGURE 2. Effect of parental behavior on egg tem- 
perature. Tn = air temperature, Ts = surface temper- 
ature, TIN = temperature of egg in nest, and TR~N = 
temperature of egg out of nest. All four regression co- 
efficients are significantly different from zero (P < 
0.001). 

arbitrary. Two factors contribute to this ob- 
servation. First, mainly diurnal observations 
were made, and brooding behavior was fre- 
quently interrupted by activities such as for- 
aging, picking around the nest, and egg turn- 
ing. Such activities probably do not occur as 
frequently at night; thus, nocturnal egg tem- 
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FIGURE 3. Effect of duration of incubation on adult 
attentive behavior. Horizontal line indicates homo- 
geneous groups according to STP test. Sample size is 
indicated above each bar. 

peratures probably would be higher than air 
temperature and the correlation with air tem- 
perature would be reduced. Russell (1969) 
demonstrated this for desert-dwelling doves 
as did White and Kinney (1974) for weaver- 
birds. Second, the use of a dead egg to char- 
acterize egg temperatures does not allow for 
the effect of embryonic heat production. 
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FIGURE 4. Effect of time of day on adult attentive behavior. Horizontal lines indicate homogeneous groups 
( STP test). Sample size is indicated above each bar. 
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FIGURE 5. Effect of air temperature on adult at- 
tentive behavior. Horizontal lines indicate homoge- 
neous groups (STP test). Sample size is indicated 
above each bar. 

Drent ( 1970)) using a respirometer on Herring 
Gull (Larus urgent&m) eggs, found that after 
the 14th day embryonic heat production 
played a significant role in elevating egg tem- 
perature above that of the air immediately in 
contact with the egg. 

My data from dead eggs show that lethal 
conditions occur on the salt flats and that 
parental incubation behavior moderates fluc- 
tuation in egg temperature. The maximum 
egg temperature recorded for eggs outside the 
nest was 48°C as compared with 43°C for 

eggs in the nests. The latter temperature 
lasted only briefly toward the end of a period 
when the parents had not attended the nest. 
Eggs outside the nest more closely parallel 
ambient temperatures than do eggs in the nest 
(fig. 2). Eggs in the nest became cooler than 
unattended eggs when the air temperature 
rose to about 33°C. Also, eggs in the nest are 
cooler than ambient conditions at air and 
surface temperatures of 3839°C; this does 
not occur in unattended eggs. Thus, there was 
a striking contrast between the temperatures 
of unprotected eggs, which roughly paralleled 
ambient conditions, and of the protected eggs 
which were less affected by the weather. 

Several adult behaviors affect egg tempera- 
tures. As with other species (Drent 1970), 
time devoted to the eggs increased with dura- 
tion of incubation (fig. 3). Time of day was 
also correlated with incubating attentiveness 
(fig. 4). Plovers were quite attentive most of 
the day, but became distinctly less attentive in 
late afterno’on. This coincided with a major 
foraging period just before nightfall. No com- 
parable decrease occurred in the early morn- 
ing hours which represented a second major 
foraging period. Kendeigh (1952) found a 
drop in attentiveness during the daylight hours 
for House Wrens (Troglodytes aedon), but it 
was not as sharp as that shown in figure 4. 
Norton ( 1972)) working with Arctic-breeding 
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FIGURE 6. Effect of air temperature on standing behavior and temperature on top of eggs. Sample size is 
indicated for each category. 
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sandpipers, also found decreased attention 
during the day. 

Attentiveness was significantly reduced 
when the ambient temperature was between 
31” and 40°C (fig. S), a thermally moderate 
range for most birds and comparable to the 
zone of stable regulation that White and Kin- 
ney (1974) found for weaverbirds. At these 
temperatures the adults can be away from 
the nest with little thermal danger to the eggs. 
Attentiveness was maximal at temperatures of 
4145°C which probably were near lethal 
conditions. This agrees with von Haartman’s 
(1956) observations on several other species 
of birds. Similarly, Howell and Bartholomew 
(1962) found that when a Sooty Tern (Sterna 
fuscatu) nest is exposed to intense midday 
heat, the adults are extremely tenacious in 
staying with their eggs. 

Moderate air temperatures often occur late 
in the afternoon, when nest attentiveness 
drops. Also, the first third of the incubation 
period tends to be early in the season, increas- 
ing the likelihood of moderate thermal condi- 
tions. Thus, the factors correlated with nest 
attentiveness in the Snowy Plover are inter- 
related. 

At high temperatures, the adults of many 
species of birds stand over the nest so that a 
shadow falls on the eggs; Boyd (1972) and 
Rittinghaus (1961) have reported this for the 
Snowy Plover. Figure 6 clearly indicates that 
the frequency of standing is a function of am- 
bient temperature. At air temperatures above 
41°C standing occurs more frequently than 
sitting, and there is no significant increase in 
the temperature at the top of the eggs. Brood 
patch temperature remained essentially con- 
stant throughout the range of external air 
temperatures. Walters (1958) recorded brood 
patch temperatures of Snowy Plovers with a 
mercury bulb thermometer placed in a position 
comparable to the thermistors used in this 
study. His mean of 40.8” is somewhat higher 
than the means I obtained, but readings above 
40°C were common in my study. 

Both male and female Snowy Plovers incu- 
bate eggs (Walters 1958, Rittinghaus 1961). 
Figure 7 indmates that the duration of a pa- 
rental shift is related to the external thermal 
environment. At cool and moderate air tem- 
peratures diurnal shifts were infrequent and 
seldomly detected, which explains the long 
periods (up to 16 hr) shown in figure 7. In 
hot weather the shifts were much more fre- 
quent, and at air temperatures above 40°C 
the shifts were less than 1 hr apart. Boyd 
( 1972) showed that during hot weather Snowy 
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FIGURE 7. Effect of air temperature on length of 
periods between parental shifts. Number of observed 
shifts is indicated above bar. 

Plovers apply moisture collected in their breast 
feathers from nearby pools to the egg surfaces. 
He reported similar behavior for Killdeer 
(Charadrius vociferus). Increases in this be- 
havior may account for the increase in shift 
frequency at high air temperatures (fig. 7). 

Drent ( 1973) concluded that such behavior 
as standing over the eggs and wetting the eggs 
with external water, is merely for adult ther- 
moregulation and that any benefit for the eggs 
is coincidental. However, analysis of the tem- 
peratures at the top of the plover’s eggs indi- 
cates that standing may be, at times, more 
effective than sitting in keeping the eggs 
cool. With air temperatures greater than 
36°C 53 measurements at times when adults 
were standing over the eggs showed a mean 
temperature of 39.58”C, while 63 comparable 
readings taken when the parents were sitting 
had a mean of 40.07”C. Analysis of variance 
indicated a significant difference between 
these two means (P < 0.05). These figures, 
coupled with the greater incidence of standing 
at higher air temperatures (fig. 6)) imply that 
standing may be an efficient way to keep the 
eggs from overheating, especially when com- 
bined with egg wetting. 

However, the above effect may be tempered 
by wind. I have shown (Purdue, in press) 
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FIGURE 8. Effect of wind on standing over the nest. Regression coefficient is significantly different from 
zero (P < 0.05). 

that unvegetated salt flats receive much more 
wind action than the surrounding grasslands. 
Figure 8 shows a statistically significant nega- 
tive relationship between the incidence of 
standing over the eggs and wind speed when 
air temperatures are greater than 36°C. This 
relationship may be the result of at least three 
non-exclusive factors : ( 1) High-velocity 
winds carry along the surface of the ground 
many sand and salt particles which can be 
quite abrasive. (2) High wind speed would 
break up the boundary layer of air surround- 
ing the eggs and at high temperatures increase 
the transfer of heat to the eggs. (3) Adult 
plovers weigh only 3040 g and may not be 
able to remain standing in high wind. By 
sitting on the eggs during this time the parent 
protects the eggs from all three hazards. 
White-winged Doves (Zenaida asiatica) in the 
southwestern American desert, presumably 
with limited water available for breast wet- 
ting, sat tightly on the eggs when ambient 
temperatures were extremely high (Russell 
1.969). In both the doves and the plovers, heat 
from the eggs was probably transferred to the 
adult via the brood patch. 

In conclusion, Snowy Plovers nest in areas 
where eggs can be exposed almost daily to 
lethal temperatures. The parents incubate in 
various ways which are finely adjusted to am- 
bient conditions, thus maintaining a suitable 
thermal environment for the eggs. 

SUMMARY 

The thermal environment of the eggs of Snowy 
Plovers was measured by placing thermistors 
in eggs and in strategic positions around the 
nest. Eggs which were outside the nest and 
not receiving adult attention attained much 
higher, presumably fatal, temperatures than 
eggs inside the nest. Egg temperatures were 
positively correlated with air and surface tem- 
peratures, but thermal extremes were moder- 
ated by parental behavior. 

Time spent on the nests by the adults was 
correlated with several interrelated factors. 
Nest attention increased during the last two- 
thirds of the incubation period and during 
times of high air temperature. Nest attention 
diminished in late afternoon, a period of peak 
foraging activity and moderate temperatures. 
The duration between shifts at the nest was 
reduced at high air temperatures while the 
amount of time spent standing rather than sit- 
ting over the nest increased. High wind speeds 
reduced the latter tendency. 
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