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Least Terns (Sterna antillarum) have recently shifted from traditional beach 

nesting sites to flat gravel roofs in parts of their range. In an attempt to 

determine whether the thermal environment of novel roof sites contributes to 

nesting success relative to that of traditional sites, hatching and fledging 

success and fifteen possible thermoregulatory behaviors of roof-nesting Least 

Terns were examined at four sites in Palm Beach County, Florida in 1992. The 

mean numbers of chicks and fledglings produced/ nest ( 1.13 and 0. 70, 

respectively) were significantly higher than those reported in other recent 

studies, indicating that nesting on some roofs is successful and may be a good 

alternative to beach locations. There was no difference between equivalent 

temperatures at the roofs and at a nearby beach, thereby suggesting that the 

new thermal environments of roofs do not adversely influence hatching and 

fledging success in Least Terns. 
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INTRODUCTION 

Least Terns (Sterna antillarum) traditionally nest on open beaches of 

light-colored sand mixed with shell and/ or gravel, and that have little 

vegetative cover (Bent 1963, Kotliar and Burger 1986, O'Meara and Gore 1988). 

In many parts of their range, however, beachfront development and public 

use have rendered many of the terns' traditional and potential beach breeding 

sites unsuitable. Least Terns have responded to displacement by utilizing 

evolutionarily novel, man-made sites throughout North America (Fisk 1975, 

1978a, b , Buckley 1978, Gochfeld 1983, Erickson 1985, Gore and Kinnison 1991): 

various flat, gravel roofs are now being used by breeding Least Terns from 

Florida north to Maryland. It is especially common in Florida, where roof 

nesters outnumber traditional ground nesters in some areas (Gochfeld 1983, 

Erickson 1985, Hovis and Robson 1989, Gore 1991). 

Least Terns are classified as Threatened in Florida and are being 

considered for that status by the federal government (Fisk 1978c, O'Meara and 

Gore 1988, Burger 1984). Thus, it is vital to know the impact of roof breeding 

on the terns' population dynamics for management purposes. However, little 

is known regarding reproductive success and the factors contributing to 

success at these novel locations: available estimates vary markedly (Fisk 1975, 

1978a, Gore and Kinnison 1991, C. Huegel, pers. comm.), and there are none 

from Palm Beach County, Florida, where Least Terns use roofs almost 

exclusively. Thus, in this study I estimate hatching and fledging success of 
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four roof colonies in Palm Beach County and compare them with estimates 

reported from other parts of Florida. 

In addition, the effects of heat stress on roof nesters and their offspring 

has not been examined except anecdotally. Few data are available regarding 

thermal conditions atop roofs, and they are inconsistent (Prescott 1972, Fisk 

1978a, b). In order to clarify this contradictory information and assess the 

possible impacts on breeding success, I examined both the thermal 

'l environment of the roofs and a natural beach and the thermoregulatory 
.,; 

behaviors of roof-nesting Least Terns and their offspring. 
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METHODS 

From a total of seven potential roof sites known to me in Palm Beach 

County, I used four roofs where nesting terns were observed during the 

summer of 1991. The three sites in Riviera Beach (26°47'N, 80°05'W) were close 

together. The first site, Shurgard Self Storage, consists of nine one-story 

storage buildings between 15.0-15.2 m wide and 116.9-134.1 m long. There are 

no parapets, but on portions of some of these roofs sheet metal borders extend 

up to 0.05 m from the gravel substrate. Terns have nested there during the 

past three years (G. Sherman, pers. comm.). The manager denied me direct 

access to the roofs, but allowed me to make observations from a ladder leaned 

against the buildings. 

The second site, Screenco North, is a two-story warehouse 42.8 m by 51.2 

m. A parapet 0.06-0.28 m tall surrounds the roof and varies in height due to 

the shallow slope of the roof. Terns have nested here for over ten years (R. 

Prince, pers. comm.). Observations of this site were made from a blind placed 

on the roof. 

The third site, the Pepsi Cola Bottling Plant, is in a three-story building, 

and its roof is the tallest in this study. However, only a 40.6 m by 84.9 m section 

of this expansive roof remains gravel-covered and suitable for nesting 

because of the installation of fiberglass c;heeting over the rest of the roof 
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surface. Previously, terns nested in greater numbers across the entire roof, 

and the colony has been active for about fifteen years ( M. Robson and A. Gall, 

pers. comm.). A 0.43-0.95 m parapet borders the three sides of the colony not 

adjacent to the fiberglass sheeting; the slope of the roof accounts for the 

varying height. Another raised roof on the same building, 37.5 m away from 

the colony, served as an effective observation post; no blind was needed due to 

the distance involved and the cover provided by the parapet of that roof. 

The fourth site, Santaluces Community High School (26°39'N, 80°06'W), 

is a one-story building housing the school's library and measuring 76.9 m by 

80.5 m. A parapet 0.31 m tall surrounds the entire roof. This colony has been 

active for at least five years (T. Wake, pers. comm.). Lacking cover, I made 

observations from a blind. The substrate at all four sites is light-colored 

crushed shellrock on tar. 

Thermal measurements were taken at the Boynton Inlet beach (26°33'N, 

80°02 'W) at a location approximately 300 m north of the inlet for comparison 

with the roof sites. This beach was quite similar to those typically described as 

natural breeding sites for Least Terns (Bent 1963, Kotliar and Burger 1986, 

O'Meara and Gore 1988), and had over 25 m of open sand above the windrow 

line, leading to distal vegetated dunes. 

Hatching and Fledging Success 

Limited observations of all four sites were conducted in July and August 

1991. The detailed study described here was conducted in 1992. Each colony 

was visited at three-day intervals from 28 April to 31 July. However, there 

were some exceptions to this schedule. Not all colonies were observed on the 
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same day. I typically observed two colonies one day and the remaining two on 

the following day. Periodic rather than daily counts have been shown to 

provide more accurate estimates of nesting success if the species in question is 

colonial, is exposed to catastrophic mortality, has easily-detected nests, and 

nests synchronously (Johnson and Shaffer 1990, Gore and Kinnison 1991 ). 

Least Terns meet all of these criteria (Gore and Kinnison 1991). 

On each visit, I counted the number of incubating adults (nests), chicks, 

1 and flying chicks (fledglings) from outside each colony using binoculars and 

a spotting scope. To avoid disturbing the terns, egg counts, which were 

impossible to obtain without entering the colonies, were not taken (for a fuller 

discussion of potential and realized dangers to terns when observers enter 

roof colonies see Fisk (1975, 1978a, b) and O'Meara and Gore (1988). Lacking 

these data, reproductive success was estimated as offspring / nest or pair rather 

than per egg. For the same reason, individual nests were not marked; 

however, Gore and Kinnison (1991) found only slightly higher estimates of 

nest numbers without marking nests than with individually identifying them. 

Hatching and fledging success were calculated by summing increases in 

nests, chicks, or flying chicks between counts (cf. Gore and Kinnison 1991). 

This produced totals slightly higher than simply using the highest counts, and 

accounted for increases resulting from renesting that would not have been 

detected by high counts. However, unobserved nest losses could not be 

detected by this method and probably contributed to some overestimation of 

success (Gore and Kinnison 1991). The estimates of chicks and flying chicks 

produced/ nest and the number of flying chicks produced/ chick were 

calculated for each colony and compared with data from Gore and Kinnison 

(1991) and C. Huegel (pers. comm.) using Mann-Whitney U tests in the Statview 
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II software package for the Apple Macintosh. A confidence level of 0.05 was 

used. 

Equivalent Temperatures 

For estimation of equivalent (or operative) temperatures (Mahoney and 

King 1977, Mahoney et al. 1985) and for comparison between the roof locations 

and a typical beach environment, I made a series of measurements. All were 

taken directly over the open gravel of the study sites or over the open sand 

·.:. between the windrow line and the dunes of the beach site. All readings were 

taken on clear days so that maximum equivalent temperatures would be likely 

to be approximated. Measurements were planned for the beginning, middle, 

and end of the breeding season. Mechanical difficulties with two anemometers 

delayed these observations, however, and data were collected for only the 

middle and end of the breeding season on 2, 3, and 5 July and 19, 20, and 25 

August. Although terns were gone by 31 July, the onset of constant cloudy and 

rainy weather that coincided almost exactly with this date delayed the taking 

of these measurements until clearer weather arrived. Screenco, Pepsi, and 

Shurgard were close together and were measured in the same day, but separate 

days were required for both Santaluces and the beach site. 

Air temperatures were measured in the shade with a Wescor TH-65 

digital thermocouple thermometer. Readings were also taken at substrate level 

and at the top of a conduit box 0.48 m above the roof surface; this was done to 

compare air temperatures at these two heights in an attempt to determine if 

there could be a thermoregulatory advantage to terns perching on such 

above-roof structures. Substrate and sky temperatures were determined using 
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a Mikron M25 infrared temperature sensor. Substrate temperatures 

encountered on warmer days occasionally exceeded the upper limit of this 

instrument (60° C), so it was calibrated to read up to 30° C below normal at 

room temperature (27" C). The sensor was later calibrated using a 

thermometer immersed in water and oil baths to determine the actual 

temperatures being recorded. Since the correlation of the lower-than-normal 

sensor readings to actual temperatures was perfect (Pearson's r=l.OO}, actual 

substrate temperatures could be safely calculated mathematically directly from 

the straight line graph of the temperature readings taken by the low

calibrated sensor. 

Wind velocity was determined using an Omega Engineering, Inc. HH 618 

hot-wire anemometer. This component was very erratic, so three readings per 

event were taken and later averaged. Long- and short-wave radiation 

measurements were made with a Li-Cor sensor connected to a Fluke 8050A 

digital multimeter. 

To calculate equivalent temperatures, characteristic dimensions and 

solar radiation absorptivities of adults and offspring were measured from dead 

individuals found at the sites. Because birds almost always oriented into the 

wind, body length of specimens was used as the characteristic dimension. 

Measurements of solar radiation absorptivity were made by holding the Li-Cor 

sensor 0.02-0.03 m above the upper surface of these specimens while exposing 

them to direct sunlight. Two adults, one chick, and three flying chicks were 

used; means were used for adults and flying chicks. 

For comparison with behavioral data, it was necessary to determine 

whether the July or the August equivalent temperature data best represented 

conditions faced by the terns throughout the breeding season. When means of 
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ground temperatures from all four colonies for July and August were 

compared with means of ground temperatures taken throughout the season in 

conjunction with behavioral observations, correlation was stronger for 

averaged July and August data (r=0.99) than for the July data or the August 

data alone (r=0.97 for both). For this reason, I used means of equivalent 

temperatures from July and August for all analyses. 

The Kruskall-Wallace AN OVA was used to compare equivalent 

temperatures between the roofs themselves and between roof and beach 

locations, using a confidence level of 0.05. Correlation coefficients comparing 

mean hourly values for equivalent temperature with air temperature, ground 

temperature, and wind velocity were computed to determine which component 

best explained the equivalent temperature itself. I used means from all four 

colonies after it was determined that there were no significant differences 

between the colony sites (P=0.65 ). All data were analyzed using the Statview II 

software package, and graphs were produced using this program and Cricket 

Graph for the Apple Macintosh. 

Thermoregulatory Behaviors 

To examine thermoregulatory behaviors, adults were divided into three 

categories based on reproductive stage: incubation, defined as the period from 

oviposition of the first egg until hatching of the first chick; brooding, defined 

as the period from hatching of the first chick until attainment of flight by the 

last chick in a brood; and post-brooding. defined as the period following 

attainment of flight by all chicks in a brood. Some overlap occurred when 

adults were caring for both eggs and chicks or chicks and flying chicks 
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simultaneously. Data taken from adults at these two intermediary stages were 

tallied for brooding adults. Pre- and post-reproductive adults were 

occasionally observed, but their sample sizes were insufficient for meaningful 

analyses. 

Offspring were classified only as chicks or flying chicks; chicks refers 

specifically to nonflying chicks rather than a grouping of both types. This 

classification was used because flying chicks, commonly referred to as 

"fledglings" in the literature, do not learn to feed proficiently until after 

leaving the breeding grounds (Wilour 197 4) and are fed by parents even after 

becoming strong flyers (Tompkins 1959, Swickard in Wilbur 1974, pers. obs.). 

Therefore, they are still dependent and have not yet actually fledged. Such 

individuals are instead termed "flying chicks" for accuracy. In the title and in 

some parts of this paper, however, "fledgling" and "fledging success" are 

retained to avoid confusion during comparison with other literature. 

Sampling was done in one-hour observation blocks of randomly selected 

focal individuals (cf. Altmann 1974). A random numbers table (Rohlf and 

Sokal 1981) was consulted to determine which category of tern and which 

specific individual would be observed. At Shurgard Self Storage, where 

multiple buildings were involved, a random numbers table (Rohlf and Sokal 

1981) was also used to determine which roof would be observed. Each focal 

individual was observed for one hour, although severe weather and other 

factors occasionally shortened observation periods. During each session the 

behaviors in which the tern was engaged were recorded at 15-second intervals 

( cf. Brunton 1981) using a time tape. If an individual left the colony, it was 

observed for as long as possible during its departure; if it flew out of sight and 

did not return within three minutes, another focal individual of the same 
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category was randomly selected to complete the observation period. Normally, 

individuals that left the colony could only be observed for a short time before 

flying from sight, so that nearly all observations were directly within the 

colony. 

A coded system categorizing behaviors reported in the literature and/ or 

observed on site allowed rapid marking of data sheets during sampling. 

Thermoregulatory behaviors examined were; use of above-roof structures, bill 

tucking, drinking, egg or chick shading, feather erection, huddling, 

incubating or brooding, leg dangling (in flight), leg exposing (on ground), 

. • panting, use of shade, sprinkling of eggs or chicks, use of standing water, 

wing drooping, and wing dipping. Feather erection presented a special 

problem because it was used alternatively for both heat retention and for 

cooling. Although erection for heat retention often involved both scapulars 

and breast feathers, whereas that for cooling sometimes involved scapulars 

alone, there was no definitive visual difference between the two components. 

All attempts to consistently differentiate these two modes of feather erection 

failed, so data for both components were pooled. Wing drooping was treated as 

a component of egg or chick shading rather than as a separate but concurrent 

thermoregulatory behavior when the two occurred simultaneously. In all 

other cases wing drooping was treated as a separate behavior. 

Sampling was done for all daylight hours between 0630 and 2030 EST for 

each reproductive category of tern. The single exception was incubating 

birds. This was the only group available for observation early in the season 

when daylight ended ca. 2000. Dusk observation of these birds was completed 

during this time and did not extend to 2000, but still represented a full daylight 

period. Later in the season specific time slots, for which data from a given 
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category of tern were absent, were filled by deliberately selecting an 

individual of that category for that time slot without consulting the random 

numbers table. This ensured that a full daylight period of observation was 

made for each reproductive stage. 

Measurements of substrate temperature were taken at the beginning 

and end of each observation hour and were later averaged for categorizing 

data by substrate temperature. Substrate temperature was chosen because it 

has been found to be more strongly correlated with thermoregulatory 

behaviors than is air temperature (Bartholomew and Dawson 1979): it is 

affected by wind, radiation, and substrate reflectivity, thus accounting for 

more factors than air temperature. Empty slots for a specific category of tern 

and hour of day were easily filled (above). However, the impossibility of 

predicting the mean substrate temperature during a given observation block 

resulted in all classes of tern having data absent from a total of two to three of 

the lowest and/ or highest temperature categories. 

Thermoregulatory data were subsequently categorized in two ways; by 

time of day (0600-2000), and by s o C substrate temperature increments (5-55 ° 

C). For both time-of-day and substrate-temperature data, the frequency of 

each thermoregulatory behavior was expressed as a percentage of the total 

sampling time for each hour and temperature category. These data were then 

log transformed and compared between categories of tern using ANOVAs. 

When only two categories of tern were available for comparison, Student's t

tests were used instead of ANOVAs. A confidence level of 0.05 was used in all 

cases. 

Using the log-transformed data, Pearson's correlation coefficients 

(Pearson's r) were calculated to detect significantly linear relationships with 
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temperature for each thermoregulatory behavior. For data categorized by 

substrate temperature, correlation coefficients were calculated by comparing 

data for each behavior to the mean substrate temperatures taken during 

behavioral observations. For behavioral data arranged by time of day, 

coefficients were computed by comparing data for each behavior to the mean 

hourly equivalent temperatures from july and August. For each reproductive 

category of tern (i.e., incubating, brooding, and post-brooding adults, chicks, 

and flying chicks), the appropriate equivalent temperature associated with 

adult, chick, or flying chick was used (see above). 

The use of thermoregulatory behaviors in and out of shade were 

compared as well. For each type of behavior and category of tern, the amount 

of time a behavior occurred in shade and in sunlight was expressed as a 

percentage of the total time spent in the shade or sunlight. These data were 

log-transformed and compared within each category of tern using Student's t

tests and a confidence level of 0.05. All data were analyzed using the Statview 

II software package for the Apple Macintosh. 

Graphs of frequently utilized thermoregulatory behaviors, i.e., those 

with 10% or greater mean percentage of use for most of the reproductive 

stages of tern utilizing that behavior, were produced using Cricket Graph for 

the Apple Macintosh. In some cases, however, less frequent behaviors were 

also graphed to provide further clarification of those behaviors. 

Three hundred sample periods were completed, and all were used for 

data analyzed by time of day. However, only 250 periods were available for 

analyses of data categorized by substrate temperature because these 

measurements were not initiated until obvious behavioral differences were 

noted between the same hours on different days. 
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RESULTS 

Hatching and Fledging Success 

The first tern seen within the study area was flying high over the Pepsi 

Cola building on 1 April 1992 , and all four colonies were occupied by 
_I 

.. incubating birds when study was initiated on 28 April. The peak numbers of 

nests for each of the four colonies occurred between 6 and 12 May. Peak 

numbers of chicks were more temporally scattered, occurring between 18 May 

and 3 june, but peaks of flying chick occurred close together, between 11 and 

15 June. The Santaluces site had the shortest season and was vacated by 9 July, 

while the Shurgard site experienced the most protracted season, with terns 

present until 31 July. Termination of breeding activities occurred earlier than 

in the previous season, when I observed terns still at the Pepsi site on 20 

August 1991. 

The numbers of nests, chicks, and flying chicks produced by each 

colony, as well as ratios of chicks and flying chicks / nest and flying 

chicks/ chick, are shown in Table 1. The mean number of chicks and flying 

chicks/ nest was 1.13 and 0.70, respectively. while the mean ratio of chicks to 

flying chicks was 0.60. 
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Equivalent Temperatures 

Substrate temperatures at all sites, which were taken throughout this 

study for temperature categorization of behavioral data, ranged between 6 and 

56° C during the study period but only between 16 and sso C on those days 

when data for equivalent temperatures were taken. Air temperatures varied 

between 26 and 42° C, and wind velocities between 0.1 and 6.0 m/ s. Winds, 

however, were unquestionably stronger at other times during the breeding 

season, when measurements were not taken . 

Figure 1 shows the similarity of equivalent temperatures between the 

roof and beach sites; there were no significant differences between any of the 

locations (P=0.71). Equivalent temperatures for adults, chicks, and flying 

chicks did vary slightly, with adults and flying chicks almost 

indistinguishable on graphs, but chicks falling one to three degrees lower 

than the other two (Fig. 2). Figure 3 shows the averages of data pooled from all 

four roof colonies. Ground temperature was most strongly correlated with 

equivalent temperature (r=0.96), followed by air temperature (r=0.91) and wind 

velocity (r=O. 76). The factors contributing to the highest equivalent 

temperatures were high ground and air temperatures coupled with sudden 

drops in wind velocity; the latter values, erratic even when means were used, 

account for at least some of the variation in equivalent temperatures. 
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Thermoregulatory Behaviors 

Mean percentages of use per substrate temperature category and hour 

of day for each of the fifteen thermoregulatory behaviors observed are 

provided (Table 2). Correlations of all behaviors with both substrate and mean 

hourly equivalent temperatures are shown in Table 3. Graphs of more 

frequently observed behaviors (ca. 10% or greater mean percentage of use for 

most categories of tern utilizing that behavior) are provided for substrate 

temperature in Figures 4-8 and time of day in Figures 9-13. 

Adults with both eggs and chicks or chicks and flying chicks spent 

more time with the chicks than with eggs or flying chicks. If a chick left a 

nest containing one or more unhatched eggs, adults would often follow in 

order to brood the chick rather than continue incubation, and adults with both 

flying and nonflying chicks spent more time with unflighted chicks when 

both were present. 

Standing or sitting on elevated structures above roof level such as 

vents, skylights, and air conditioning units was treated as a thermoregulatory 

behavior because air temperature was found to be as much as 2° C cooler on 

the top surfaces of these perches than on the roofs themselves. 

Only chicks and brooding parents engaged in huddling. Chicks huddled 

both with parents and with each other, whereas parents huddled only with 

chicks. 

Drinking was occasionally observed in incubating adults, brooding 

adults, and flying chicks. It was observed both in birds utilizing standing 

water on the roofs and in flying birds swooping down to drink water. 
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Table 2. Percent of time (X± SE) spent per substrate temperature category 

(above) and per hour (below) in different thermoregulatory activities for 

each behavior and category of tern. 

Behavior 

Incubating 

Above 0.61±0.61 

roof 0.94±0.36 

Bill 1.54±0.84 

tucking 1.01±0.42 

Drinking 0.02±0.02 

0.03±0.01 

Egg / Chick 9.50±5.24 

shading 6.12±2.69 

Egg / Chick 0.01±0.01 

sprinkling 0.01±0.01 

Feather 46.54±11.82 

erection 27.36± 8.08 

Huddling 

Category of Tern 

Brooding 

15.21±9.44 

5.41±2.66 

0.61±0.49 

0.74±0.58 

0.03±0.03 

0.04±0.04 

11.88±7.41 

8.98±4.68 

0.01±0.01 

25.90±12.71 

30.52±10.12 

0.24 ±0.24 

0.32 ± 0.32 

20 

Post-

Brooding 

37.11±12.24 

28.20 ± 7.04 

1.30 ± 0.65 

1.81 ± 0.93 

13.47±6.33 

14.76±5.40 

Chick 

0.02±0.02 

0.01±0.01 

0.99±0.99 

2.42±2.42 

1.90±1.40 

2.33±1.40 

3.44±1.49 

2.52±1.08 

Flying 

Chick 

1.54±1.43 

0.79±0.64 

1.02±0.90 

1.93±1.33 

0.08±0.04 

0.06±0.03 

8.92±7.34 

16.94:±7.80 
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Behavior 

Incubating 

or Brooding 

Leg 

dangling 

Leg 

exposing 

Panting 

Shade use 

Water use 

Wing 

drooping 

Category of Tern 

Incubating Brooding 

- -------· 

77.03±6.16 35.64±10.87 

81.25±3.71 43.73 ± 8.50 

0.02±0.02 

0.02±0.01 

21.19±10.72 31.59±11.58 

21.01 ± 6.48 21.06 ± 6.78 

0.26 ± 0.15 21.06:±9.57 

0.46 ± 0.29 16.23.±4.80 

42.70±9.64 

37.83±3.61 

6.01±1.95 

10.76.±4.60 

21 

Post- Chick Flying 

Brooding Chick 

9.62±5.11 

8.13±3.25 

0.03±0.03 0.05 ±0.05 

0.02±0.02 0.05 ±0.05 

38.34±8.91 10.68 ± 3.71 26.25±11.98 

27.81±6.18 9.64 ± 3.59 9.74 ± 3.93 

14.32±5.13 40.87±13.14 45.68±14.86 

12.39±5.69 36.00 ± 7.17 23.03 ± 7.70 

1.24±0.82 

1.61±0.80 

3.07 ± 1.51 

2.04 ± 1.08 

4.60±1.57 22.88±11.67 

3.37±1.12 7.36 ± 2.% 
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Table 3. Correlations (Pearson's r) of thermoregulatory behaviors with 

substrate temperature (above) and mean hourly equivalent temperature 

(below). An asterisk (*) denotes correlations that were significantly linear. 

Behavior Category of Tern 

Incubating Brooding Post

Brooding 

Above 

roof 

Bill 

tucking 

Drinking 

Egg / Chick 

shading 

-0.41 

0.18 

-0.20 

-0.42 

0.41 

0.55* 

0.89* 

0.76* 

Egg / Chick 0.41 

sprinkling 

Feather 

erection 

Huddling 

0.53* 

-0.92* 

-0.83* 

0.89* 

0.66* 

-0.23 

0.02 

-0.41 

-0.19 

0.55 

0.56* 

0.18 

-0.88* 

-0.80* 

0.14 

0.21 

22 

0.91* 

0.84* 

-0.86* 

-0.57* 

-0.29 

-0.29 

Chick 

-0.08 

0.21 

0.41 

0.40 

-0.52 

-0.51 

-0.44 

0.07 

Flying 

Chick 

0.16 

0.39 

-0.70 

-0.48 

0.18 

0.45 

-0.84* 

-0.83* 
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Behavior 

Incubating 

or Brooding 

Leg 

dangling 

Leg 

exposing 

Panting 

Shade use 

Water use 

Wing 

drooping 

Category of Tern 

Incubating Brooding Post

Brooding 

-0.83* 

-0.65* 

-0.41 

-0.05 

0.91* 

0.91* 

0.56 

0.52* 

-0.25 

-0.04 

-0.93* 

-0.33 

0.96* 

0.92* 

0.69* 

0.85* 

0.59 

0.57* 

23 

0.80* 

0.84* 

0.79* 

0.59* 

-0.13 

0.19 

Chick 

-0.67 

-0.64* 

0.08 

0.32 

0.95* 

0.81* 

0.94* 

0.91* 

0.97* 

0.63* 

Flying 

Chick 

0.08 

0.23 

0.96* 

0.79* 

0.89* 

0.75* 

0.10 

0.40 

0.96* 

0.87* 
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Figure 4. Substrate temperatures for frequently-used behaviors in incubating 

adults: (a) use of above-roof structures, (b) egg shading, (c) feather erection, 

(d) incubating, (e) panting, (f) shade use, and (g) wing drooping. 
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Figure 5. Substrate temperatures for frequently-used behaviors in brooding 

adults: (a) use of above-roof structures, (b) chick shading, (c) feather 

erection, (d) brooding, (e) panting, (f) shade use, and (g) wing drooping. 
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Figure 6. Substrate temperatures fo r frequently-used behaviors in post-

brooding adults: (a) use of above-roof structures, (b) bill tucking, (c) feather 

erection, (d) panting, (e) shade use, and ( f) wing drooping. 
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Figure 7. Substrate temperatures for frequently-used behaviors in chicks: (a) 

feather erection, (b) panting (c) shade use, and (d) wing drooping. 
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Figure 8. Substrate temperatures for frequently-used behaviors in flying 

chicks: (a) use of above-roof structures, (b) feather erection, (c) panting, (d) 

shade use, and (e) wing drooping. 
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Figure 8. (Continued). 
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Figure 9. Occurrence of frequently-used behaviors during diurnal hours in 

incubating adults: (a) use of above-roof structures, (b) egg shading, (c) 

feather erection, (d) incubating, (e) panting, (f) shade use, and (g) wing 

drooping. Figure (e) illustrates the mean hourly equivalent temperatures that 

time-of-day data were compared to for obtaining the equivalent temperature 

correlation coefficients. 
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Figure 9. (Continued). 
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Figure 10. Occurrence of frequently-used behaviors during diurnal hours in 

brooding adults: (a) use of above-roof structures, (b) chick shading, (c ) 

feather erection, (d) brooding, (e) panting, (f) shade use, and (g) wing 

drooping. 
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Figure 11. Occurrence of frequently-used behaviors during diurnal hours in 

post-brooding adults: (a) use of above-roof structures, (b) bill tucking, (c) 

feather erection, (d) panting, (e) shade use, and (f) wing drooping. 
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Figure 11. (Continued). 
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Figure 12. Occurrence of frequently-used behaviors during diurnal hours in 

chicks: (a) feather erection, (b) huddling, (c) being brooded, (d) panting , (e) 

shade use, and (f) wing drooping. 
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Figure 12. (Continued). 
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Figure 13. Occurrence of frequently-used behaviors during diurnal hours in 

flying chicks: (a) use of above-roof structures, (b) feather erection, (c) 

panting, (d) shade use, and (e) wing drooping. 
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Sprinkling water on eggs or chicks was rarely observed. This behavior 

may have occurred more often than noted, but when incubating and brooding 

birds left the nest and failed to return within three minutes, another focal 

individual was randomly chosen, reducing data loss but possibly missing an 

opportunity to observe a wet bird returning to the nest. An additional problem 

was that it was often difficult, even with a spotting scope, to determine 

whether the adult was actually wet or not upon return. Finally, returning 

adults usually settled on the nest promptly, reducing the time allowed for 

making a determination . 

Another behavior noted in adults was flying with the legs hanging 

down, and on one occasion an incubating bird briefly performed such a flight 

and returned directly to the nest, apparently for the sole purpose of cooling. 

This behavior was seldom seen simply because flying individuals usually could 

only be observed for very brief periods and because they were difficult to 

follow in flight, particularly if the whole colony had been disturbed and was 

in flight, as was often the case when aerial predators flew by. This behavior 

was also observed in one flying chick, but it was not a focal individual and 

therefore no data for this behavior and category of tern were used. 

Only flying chicks were recorded spending time in standing water 

available on the roofs, either drinking, standing, sitting, or lying down. While 

adults were also observed utilizing standing water, no focal adults ever did so; 

therefore, there were no data for those categories. 

Another behavior, noted only for chicks and flying chicks, was leg 

exposing. Several times, chicks and flying chicks were observed lying on the 

gravel with their legs completely extended behind them, presumably for 
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cooling by increasing exposed skin surface area. This behavior only occurred 

in shade. 

Wing drooping often occurred concurrently with egg or chick shading. 

It appeared to be an integral part of those behaviors rather than concurrent 

use of a separate thermoregulatory behavior. 

During preliminary studies in 1991 one flying chick was observed 

standing in a puddle and periodically dipping a wing into the water. This 

"wing dipping" was observed at least five times within ten minutes, but was 

:. not seen at all in 1992. This behavior, however rare, could very well be 

thermoregulatory and for that reason is reported here. 

Standing was not treated as a thermoregulatory behavior because non-

incubating and non-brooding adults normally stood at all hours of the day, and 

standing on one leg was never observed. Chicks and flying chicks, on the 

other hand, were usually sitting or lying down at any given time. These 

postures seemed to be related to comfort rather than thermoregulation and 

were therefore treated as such. 

All categories of tern (i.e., incubating, brooding, and post-brooding 

adults, chicks, and flying chicks) engaged in bill tucking, feather erection. 

panting, shade-seeking, and wing drooping. Other behaviors were restricted 

to only certain reproductive stages. 

Regardless of whether assessed by time of day or by substrate 

temperature, results of ANOVAs and Student's t-tests were similar, although 

with two exceptions temperature detected more differences between classes of 

tern than did the time-of-day data. Below, statistical results for substrate-

temperatures are presented, and discrepancies with time-of-day noted. Only 
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significant differences are mentioned; absence of comment indicates no 

difference from other tern categories using the same behavior. 

Incubating birds used above-roof structures significantly less often 

than other adults; time-of-day ANOVAs, however, did not detect a difference 

between incubating and brooding terns. Incubating adults spent more time 

incubating eggs than brooding adults did brooding chicks (Figs. 4d and 9g), 

but time data did not detect this difference. Incubators also used shade less 

often than other terns, but there was no difference in time-of-day data 

between these and post-brooding adults. Wing drooping, used frequently 

during all parts of the day and across all substrate temperature categories 

(Figs. 4g and 9g), was more frequent in incubating adults than for all other 

terns. 

Brooding adults spent more time on above-roof structures than 

incubating birds but less than post-brooding adults (Figs Sa and lOa). This 

group spent more time brooding than chicks spent being brooded for time-of

day data only (Fig. lOd). Conversely, chicks engaged in huddling more often 

than did parents. These adults spent less time brooding than incubating terns 

spent incubating, and more time in the shade and less time wing drooping 

than did incubating terns. 

Post-brooding adults utilized above-ground structures more often than 

incubating or brooding adults and flying chicks (Figs. 6a and lla). Post

brooders used shade more often than did incubating adults, and they used wing 

drooping less often than both incubating terns and flying chicks. 

Focal chicks spent less time actually being brooded by parents than 

focal adults individually spent brooding chicks, but chicks spent more time 

huddling than their parents. These behaviors were utilized by chicks even 
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during the warmest hours of the day (Figs. 12b and 12c). Chicks also spent 

more time in the shade (Figs. 7c and 12e) and less time wing drooping than did 

incubating adults. 

Flying chicks did not spend as much time above roof level as did the 

post-brooding adults; however, they spent more . time in shade (Figs. 8d and 

13d) but less time wing drooping than did incubating terns. Also, flying 

chicks engaged in wing drooping more often than did post-brooding adults; 

however, time data did not detect this difference. 

The remaining thermoregulatory behaviors were bill tucking, 

drinking, egg or chick shading, feather erection, leg exposure, panting, and 

watering of eggs or chicks. No differences could be detected in their use by 

different reproductive stages of tern. 

Correlations of thermoregulatory behavior use with substrate and 

equivalent temperature were similar. Correlations with equivalent 

temperature (cf Fig. 9e), however, were significantly linear for six behaviors 

that did not have a linear relationship with substrate temperature. The 

reverse was true in only one case. Below, those behaviors with statistically 

linear relationships with both substrate and equivalent temperature are 

presented, with the exceptional cases noted. Only behaviors with significantly 

linear relationships are treated. 

In incubating adults, egg shading, feather erection, incubating, and 

panting showed significant linear relationships with substrate and equivalent 

temperature (Table 3). Only relationships with equivalent temperature were 

significant for drinking, egg sprinkling, and shade use. These three 

behaviors were fairly uncommon in this group. Feather erection and 

incubating had negative correlations. 
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Use of above-roof structures, feather erection, panting, and shade use 

showed statistical correlation with temperature for brooding adults. 

Significant linearity with substrate temperature alone was found for 

brooding, and with equivalent temperature alone for chick shading and wing 

drooping. Correlations for feather erection and brooding were negative. 

Use of above-roof structures, bill tucking, panting, and shade use were 

linear with substrate and equivalent temperature for post-brooding adults. 

Only bill tucking was negative. 

In chicks, panting, shade use, and wing drooping were all significantly 

correlated with temperature. The act of being brooded showed a meaningful 

negative relationship with equivalent temperature alone. 

Panting, shade use, and wing drooping showed linear correlation with 

substrate and equivalent temperature for flying chicks; these were the same 

three cooling behaviors as in chicks. Feather erection was also significantly 

correlated with temperature, but its coefficient was negative. 

Comparison of use of thermoregulatory behaviors in and out of shade 

revealed few differences. Panting in incubating terns and wing drooping in 

brooding birds were used significantly more often in sunlight than in shade. 

Huddling in brooding adults and leg exposing in chicks occurred only in 

shade. Conversely, some rarer behaviors were never observed in the shade, 

and others, such as use of water or above-roof structures or those occurring 

only at the nest, did not have a shade component because shade was not 

available at these locations. 

Clear trends were apparent from the substrate-temperature and time-

of-day data (Figs. 4-13). Both egg and chick shading increased with 

temperature, and each was initiated at 25 ° C (Figs. 4b and Sb). Feather erection 
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generally decreased with temperature (Figs. 4c., Sc, and 8b), as did incubating 

and brooding (Figs. 4d and Sd). Panting increased with temperature and was 

engaged at 25-30° C (Figs. 4e, Se, 6d, 7b, and 8c). Visible increases during the 

hotter hours of the day were apparent for panting (Figs. 9e, lOe, 12d, and 13c) 

and shade use (Figs. lOf and 12e). The reverse was true for feather erection 

(Figs. 9c, lOc, and 13b). In brooding terns, a sudden drop in shade use at 55° C 

coincided with a sharp increase in use of above-roof structures at the same 

temperature (Figs. Sa and Sf); a similar trend was seen in post-brooding adults 

between 45-55° C (Figs. 6a and 6d). 
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DISCUSSION 

Hatching and Fledging Success 

The fact that Least Tern roof colonies outnumber ground colonies in 

parts of Florida (Gochfeld 1983 , Erickson 1985 , Hovis and Robson 1989, Gore 

1991) mandates further examination of these unnatural breeding sites if 

management of this bird within the state is to be complete. Site tenacity in 

Least Terns is strongly related to breeding success (Gochfeld 1983 , Burger 1984, 

Kotliar and Burger 1984), and in order to determine whether there is a 

tradition for renesting at a particular site under consideration for protection, 

a knowledge of breeding success is essential. 

Estimates of hatching and fledging success for roof nesting terns are 

generally higher than those for ground colonies (Hakala and Jokinen 1971 , 

Fisk 1975, 1978a, b, Gore and Kinnison 1991 , Thompson in Gore 1991), but 

estimates vary dramatically. For example, observations by M. Trafton 

suggested 30% fledging success at a south Miami site (in Fisk 1975), while 

another 1975 estimate in northeast Florida indicated 77% fledging success at 

roof colonies compared to only 9% at natural colonies (B.S. Obst in Fisk 1978a). 

Gore and Kinnison's ( 1991) study in northwest Florida produced means of 0 .51 

chicks/ nest on roofs but only 0.19 chicks/ nest on the ground (see Table 1); 

similarly, 48% of the roof nests produced at least one chick, while ground nest 

production was only 18% (Gore and Kinnison 1991). A similar study of Common 
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Terns (Sterna hirundo) in Finland also suggests high roof productivity: an 

average of 2.8 chicks/ pair were produced from a roof colony compared with 

only 1.4 fledglings / pair at natural sites (Hakala and Jokinen 1971). 

Craig Huegel (pers. comm.), however, reports much lower fledging 

success in Least Terns on roofs than do other Florida researchers; from 1988-

1990 in Pinellas County the mean number of chicks hatched/ nest was 0.51, 

exactly that reported by Gore and Kinnison (1991). However, the estimate of 

, fledging success was much lower; only 14% fledging success (0.24 
' 
t fledglings / nest) was recorded (C. Huegel, pers. comm.), quite small compared 

with the 1975 estimates cited above of 30% and 77% (Fisk 1975, 1978a). 

Results of Mann-Whitney U-tests showed that the colonies in this study 

produced significantly higher ratios of chicks/ nest than that found in Gore 

and Kinnison's (1991) study (p=0.02, Table 1), and higher ratios of both chicks 

and flying chicks (fledglings) / nest than C. Huegel (pers. comm.) encountered 

(p=0.03 for both, Table 1). However, the ratio of fledglings to chicks was not 

different between this study and that of Huegel (pers. comm.)(p=0.16, Table 1). 

Burger ( 1984) considered successful Least Tern colonies to be those 

producing at least 0.50 young (fledglings) / pair. Clearly, some roof colonies 

are successful by this definition, and in this study three of the four sites 

exceeded this criterion (see Table 1). The sole exception, the Pepsi site, still 

approached this figure (0.42 flying chicks/ nest). Similarly, none of the 

colonies in this study failed by Burger's ( 1984) criterion, i.e., produced fewer 

than 0.25 young (fledglings) / pair. Because site tenacity in Least Terns is so 

strongly related to reproductive success (Gochfeld 1983, Burger 1984, Kotliar 

and Burger 1984), these colonies have probably been repeatedly successful 

because they have been occupied for so many consecutive years; in fact, the 
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number of years reported for the existence of each colony was in most cases 

limited by the length of time that the employees questioned had worked at that 

site. This indirect evidence of roof success is further substantiated by a colony 

in Pensacola that was reportedly extant for over 20 years (Fisk 197 Sa). One 

factor possibly contributing to this apparent constancy may be the relative 

stasis of the roofs themselves, which do not change due to biotic succession or 

other abiotic factors in comparison with natural environments. Additionally, 

site tenacity in larids seems to be stronger in stable than in unstable habitats 

(McNicholl 1975), suggesting that tenacity should be very high at these 

relatively immutable roof locations. In the rapidly-changing habitats affected 

by man, gravel roofs, if left undisturbed, may be one of the few constants Least 

Terns encounter. 

Because there was no difference between the ratios of flying chicks 

(fledglings) / chick in this study and those calculated from Huegel's (pers. 

comm.) data (see Table 1), it seems likely that the differential reproductive 

rates from these two studies are not controlled by mortality of counted chicks, 

but by egg loss, mortality of chicks that were not counted, or both. Very 

young chicks would be the least likely to be detected from outside a colony due 

to their immobility (moving birds are easier to locate), their smaller size, and 

their remaining in the nest depression, partially hidden, until they are 

mobile, a period of one to three days (Brubeck 1981). Even if colonies were 

entered and nests marked, if very young chicks actually do experience the 

highest mortality rates, it is possible that some could still go undetected by 

periodic counts; i.e., tallies every four days could miss chicks not surviving to 

at least that age. Unfortunately, the failure to count eggs in this study 

precludes comparison, but the mean ratios of chicks/ egg from Gore and 
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Kinnison's (1991) and Huegel's (pers. comm.) data were 0.29 and 0.28, 

respectively, indicating that loss of eggs and/ or undetected chicks was high. 

Additional research is needed to determine how much mortality is attributable 

to each of these two components. 

At the other extreme, mortality of flying chicks could also be very high. 

Fledgling survival can be very difficult to assess (Fisk 197 5) and was beyond 

the scope of this study. However, late in the season an uncharacteristically 

large flock of terns roosted at Screenco. Of 87 birds, only 9 (or 0.23 / pair of 

adults in the flock) were flying chicks. This is much lower than the ratios of 

flying chicks estimated to have been produced (see Table 1). While 

extrapolating from a single event can be misleading, this observation, if solely 

attributable to post-flight mortality, supports data suggesting that some tern 

fledglings do experience high mortality (Spendelow 1991). On the other hand, 

some flying chicks may already have dispersed from the natal site with other 

adults (Thompson and Slack 1984). 

While numerous factors affect reproductive success, other roof 

researchers suspect predation to be one of the major components (C. Huegel 

and ]. Gore, pers comm.). Although no direct predation was observed during 

this study, at the Pepsi site one attempt by a Boat-tailed Grackle ( Quiscalus 

major) to take a flying chick was seen. Two Boat-tailed Grackles were noted at 

Santaluces eating the bodies of two dead flying chicks, but as the birds were 

dead before the grackles were seen to arrive it was impossible to determine 

whether the birds were returning to a kill or merely scavenging. These birds, 

although known predators of Least Terns (Fisk 1978b), were nearly always 

ignored by the terns. An attack on a flying chick by a Red-winged Blackbird 

(Agelaius phoeniceus) at Pepsi appeared to represent heterospecific 
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aggression rather than attempted predation. Other birds that were seen to 

cause alarm among the terns on sight but were never seen to attempt 

predation were Ring-billed Gull ( Larus delawarensis), Sharp-shinned Hawk 

(Accipiter striatus), Red-tailed Hawk (Buteo jamaicensis), Osprey (Pandion 

haliaetus), and Fish Crow (Corvus ossifragus). On one occasion, a Cattle Egret 

(Bubulcus ibis) caused great alarm when it landed at the Santaluces site and 

walked along the perimeter of the colony for several minutes before taking 

flight. Positive signs of direct predation included broken eggshells at 

Screenco long before any chicks hatched and torn wings of large chicks on 

the ground at Shurgard. At this last site, cats (Felis domesticus) had been 

observed nearby and may have preyed on fallen chicks (G. Sherman, pers. 

comm.). A dead marine toad (Bufo marinus) found at Shurgard had a large 

chick protruding from its mouth; both had been run over by a vehicle, 

presumably the night before, and were discovered together. It is unknown 

whether the chick was alive or dead when the toad attempted to swallow it. The 

general lack of observed predation suggests that it is either reduced at these 

colonies or primarily nocturnal. Although avian predators are 

characteristically diurnal, this does not preclude possible predation by owls or 

even some nocturnal, climbing mammals such as rats (Rattus spp.), opossums 

(Didelphis marsupialis), or raccoons (Procyon lotor). All are common in 

Florida. 

If predators were a primary mortality factor at the sites examined, 

colony size may in part explain the differential reproductive rates at the 

different sites. Burger (1984) found that Least Tern colonies with more than 

80 birds suffered relatively higher losses to predation than those with fewer 

individuals. My data also followed a size-related trend: the largest colony 
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(Pepsi) had the poorest reproductive success, while increasingly smaller 

colonies (Screenco and Santaluces) had increasingly greater success (see 

Table 1). Shurgard provided the single exception. Counting two individuals 

per nest, however, even the smallest Santaluces site is well over the 80-bird 

threshold encountered by Burger (1984). The reduced number of predators 

having access to roof colonies, however, may allow for a larger threshold in 

colony size before predation increases significantly. 

Another potential agent of mortality was intraspecific aggression. 

Numerous times, adult terns were seen chasing and pecking chicks , 

presumably for encroaching on their territories. Conversely, on several 

occasions chicks were seen charging adults in defense of the chick's own 

territory (cf. Kirkman in Welty and Baptista 1988). Additionally, chicks that 

had just accepted fish from parents were sometimes pecked and even carried 

in flight for short distances ( <0.5 m) by other adults attempting to steal the 

food. While in all instances the chicks survived, they were always pecked 

directly on the head. This, coupled with the severity of the attacks, suggests 

that sometimes mortal blows are very likely struck. 

Starvation of chicks or flying chicks was not examined during this 

study, but could also have played a role in mortality. Feeding areas were 

available nearby: the Riviera Beach sites were only approximately 90-120 m 

away from Canal C-17; the Intracoastal Waterway was 4.1 km away. Santaluces 

was 2.3 km from Lake Osborne and 5.5 km from the Intracoastal. In addition, 

smaller canals and ponds were present nearby in both areas. Although 

feeding areas are often adjacent to colonies, Least Terns have been reported to 

travel over 5-6 km to feed (Fisk 1975, 1978a), and were seen feeding in all 
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waters listed above. If starvation was a factor, it was likely due to low quality 

or numbers of prey rather than distance to feeding areas. 

Chicks falling off roofs also produce mortality. One chick was observed 

and six reported (E. DuBois, pers. comm.) at Screenco. Eight (including four 

already dead) were seen at Shurgard. No fallen chicks, however, were 

confirmed during this study at Pepsi or Santaluces, both of which had much 

higher parapets than the other two locations. This suggests that parapets are 

effective at reducing this danger. Although chick falls were apparently 

uncommon during the study period, numerous fallen chicks were present at 

all four sites in previous years (A. Gall, R. Prince, G. Sherman, and T. Wake, 

pers. comm.), suggesting that fatalities resulting directly or indirectly from 

falls can be significant. Fallen chicks I saw did not appear to have suffered 

injuries, even at the two-story Screenco site, and employees at Screenco and 

Shurgard confirmed that such chicks were very mobile and did not seem 

damaged by such falls (G. Sherman and E. DuBois, pers. comm.). Ground 

fatalities that I found always seemed to have resulted from terrestrial 

predators or vehicles rather than from the fall itself. These suggest that 

returning fallen chicks to their natal roofs could be a successful management 

technique, particularly in areas where parapets are absent and protective 

screening cannot be erected. 

Another possible cause of death is severe weather (Fisk 1975). With the 

onset of heavy storms in mid-June, visible casualties recorded at the colonies 

increased. In several cases, dead individuals were seen on visits following 

torrential rains when dead terns had previously not been noted for some time. 

These may have been casualties of hypothermia resulting from changes in 

feather thermal conductivity due to wetting, coupled with high wind chill 
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factors. High winds were also observed blowing adult terns off nests ( cf. 

Trafton in Fisk 197 5) and knocking down standing chicks. Related to such 

weather is the possible flooding of nests. Although some flooding occurred on 

all four roofs, no flooded nests were detected. While the relationship was not 

quantified, most terns were clearly selecting elevated parts of the roofs for 

their nest sites, probably reducing the danger of flooding. Some birds did nest 

on lower parts of the roofs; however, by the onset of heavy rains in mid-june, 

many adults had finished nesting and previously-occupied elevated sites 

became available to late- or renesting terns. In spite of this, I strongly suspect 

that the consequences of heavy storms may be a major cause of mortality for 

late- or renesting terns and their offspring. 

In conclusion, mortality was usually noted only by lower count totals 

on the next visit to a given site, and dead terns noted at the colonies were few 

compared with total mortality. This suggests predation as the major cause of 

mortality, even though direct or indirect evidence of this was rarely observed. 

Severe weather and fallen chicks are probably the other two most important 

mortality factors for roof-nesting Least Terns. 

Future research should focus on obtaining additional estimates of 

reproductive success on roofs in other locations and over several breeding 

seasons for further comparison with these data, and should also attempt to 

determine actual causes of mortality for these birds. Once specific mortality 

factors are isolated, protective measures for roof-nesting Least Terns could be 

worked out and implemented. 
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Equivalent Temperatures 

Equivalent temperatures were no different at the beach location than at 

the roof sites. Therefore, except for behaviors related to components present 

only on roofs, thermoregulatory behavioral trends should be similar in 

distribution across both time of day and temperature increments for terns 

nesting in both habitats. Use of specific thermoregulatory behaviors 

available to beach nesters, however, might be greater in magnitude in the 

absence of standing water, shade, and/ or above-roof structures, to which only 

the roof-nesting individuals may have access for relief from heat. 

Future studies should concentrate on thermoregulatory behaviors used 

at beach locations for comparison with these roof data to determine if 

behavioral differences exist between terns in these two environments. This 

would also clarify the importance of such roof attributes as standing water, 

shade, and taller-than-roof structures to Least Tern thermoregulation. 

Thermoregulatory Behaviors 

Some thermoregulatory behaviors reported in the literature for Least 

Terns or other Laridae were not observed in this study. Although gular 

fluttering has been cited as a thermoregulatory behavior in Least Terns and 

differentiated from panting (Overstreet and Rehak 1982), it was impossible to 

observe at most of the distances I used for observation and was not recorded. 

Erection of the nape and crown feathers has been reported in and 

differentiated from erection of scapulars in other Laridae (Bartholomew and 

Dawson 1979), but was not noted in this study. This behavior, however, would 
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have been difficult to see in these very small larids at even short distances of 

observation and may sometimes have actually been present. Egg and chick 

shading has been reported in other larids (Howell and Bartholomew 1962) and 

has been referred to as leg exposing (Drent in Gill 1990) and likely has 

simultaneous adaptive advantages for both the adults and the eggs or chicks. 

Feather erection was unique in that it provided dual thermoregulatory 

responses to both heat and cold. For heat retention, feathers must be erect 

enough to trap air against the body and windspeed must be low so that the 

trapped air does not circulate (Welty and Baptista 1988). For cooling, feathers 

are held erect when there is sufficient windspeed to allow air circulation next 

to the skin, increasing heat loss (Welty and Baptista 1988). In addition, feather 

erection elevates the surfaces absorbing solar radiation away from the body, 

thereby reducing heat stress (Mahoney et al. 1985). Statistical analyses would 

certainly have been much more meaningful had it been possible to accurately 

separate these two components. The all-negative correlations and greater use 

during cooler temperatures and hours for this behavior, however, suggest that 

the behavior is largely for heat retention. 

Incubating adults used above-roof structures and shade significantly 

less often than other terns, probably due to the demands of incubation which 

effectively restricted them to their nests. They also spent more time 

incubating eggs than brooding adults did brooding chicks, probably a 

reflection on the ability of the chicks themselves to provide some of their own 

thermoregulation. Incubators used wing drooping more often than all other 

categories of tern; this behavior, however. was engaged at all temperatures 

and during all hours of the day (see Figs. ~g and 9g), and for this reason did 

not appear to be a thermoregulatory mechanism in these birds. It may 
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actually be more important as a comfort posture, perhaps related to 

incubation. If, on the other hand, it serves a dual role as both a comfort 

posture and a thermoregulatory behavior, any relationships with time of day 

or temperature could very likely be masked. 

The fact that brooding adults spent more time brooding chicks than 

chicks were recorded being brooded is likely explained by the need of parents 

to divide their time between up to four different chicks which did not always 

stay together. Similarly, chicks may have spent more time huddling than 

parents did because parents huddled with chicks only, whereas chicks huddled 

both with parents and with each other. There may, however, be a real 

quantitative difference here due to the need of chicks to huddle until they 

become completely homeothermic, a period of about 21 days (Howe111959). 

Post-brooding adults utilized above-ground structures more often than 

any other flighted terns. The consecutively decreasing need for vigilance of 

eggs, chicks, and flying chicks probably explains the freedom these birds 

exhibited to leave their offspring on the ground. The flying chicks 

themselves may not have used this behavior as often due to their 

underdeveloped flight skills (see below). 

In chicks, huddling and being brooded (above) occurred frequently 

even during the warmest parts of the day, suggesting that this is at least partly 

a social rather than thermoregulatory behavior (see Figs. 12b and 12c). Chicks 

used only one cooling behavior (shade-seeking) more often than another 

reproductive stage of tern (incubating adults); this may be due to their smaller 

size and resultant greater surface-area-to-volume ratio for heat dissipation 

(Mahoney et al. 1985). This possibility is supported by the fact that wing 
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drooping was rarely noted in very small chicks, being confined mostly to 

medium-sized and larger individuals. 

Flying chicks may not have utilized above-roof structures as often as 

post-brooders due to their developing flight skills; landing on such relatively 

small targets as skylights and air conditioning units is likely to be much more 

difficult than landing on the open, broad roof expanse. The rounded landing 

surface of many of these structures may have been another problem for birds 

not yet agile in flight. 

For certain behaviors in which no differences between tern 

reproductive stages were detected (bill tucking, drinking, leg exposure, and 

watering of eggs or chicks), the small sample sizes available may have been 

partly responsible for the insignificant differences (see Table 2). For egg and 

chick watering, the problems noted in recording this behavior may have 

reduced reported percentages. Even so, this behavior was rare in comparison 

with other reports (Hays 1980), and adults were never observed hovering over 

eggs or chicks to sprinkle water as reported elsewhere (Hays 1980). The high 

temperatures encountered at the study sites make it unlikely that this 

behavior was reduced due to absence of heat stress. The presence of standing 

water on all four roofs and a canal within 90-120 m of three of the sites rules 

out absence of water as a factor. It is possible this behavior may be learned or, 

if it has a genetic basis, may be restricted to colonies used by the same lineages 

year after year. 

For the remaining more frequently-used behaviors (egg or chick 

shading in incubating and brooding adults, feather erection, and panting), 

sample size was sufficiently large that any differences in use between 

different classes of tern would probably have been detected. Incubating adults 
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appear to shade their eggs as often as brooding adults shade their chicks, and 

use of the other two behaviors is apparently constant across, and probably 

important to, all stages of tern. 

Nearly all frequently-observed thermoregulatory behaviors (ca. 10% or 

greater mean value, Table 2) had statistically linear relationships with 

substrate and mean hourly equivalent temperature (see Table 3 ). All 

significant behaviors for cooling had expected positive correlations, whereas 

those that were potentially heat-retentive (bill tucking, feather erection, 

huddling, incubating, and brooding) had negative correlations. 

Differences between the correlation coefficients for substrate and 

equivalent temperature probably resulted from daily variation in the 

equivalent temperatures encountered on the few days when these were 

recorded. Since the July and August equivalent temperatures for roof colonies 

were taken over a total period of only six days, while substrate temperatures 

were taken with each observation hour throughout most of the breeding 

season, the substrate temperatures represent a more consistent record of 

actual, hour-by-hour conditions on the roofs than do the equivalent 

temperatures. Hourly differences from seasonal norms that may have 

occurred during the few days of equivalent temperature measurements 

probably account for some of the differences in correlation coefficients. 

Additionally, comparison of a full season's data with equivalent temperature 

data taken from only six days cannot account for day-to-day variations, within 

the same hourly time slot, in cloud cover, wind velocity, air and ground 

temperatures, etc. that did occur throughout the season. Finally, equivalent 

temperature measurements were not taken directly along with behavioral 

observations as were substrate temperatures. Correlations with substrate 
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temperature are, therefore, expected to be more accurate than those with 

mean hourly equivalent temperature; the latter, however, can provide a good, 

although somewhat less precise, picture of behaviors in relation to the overall 

thermal environment faced by Least Terns hour by hour throughout the day. 

The significant correlations for feather erection and panting suggest 

that these represent the primary thermoregulatory behaviors in incubating 

terns for heat retention and cooling, respectively. Drinking and use of shade 

were uncommon and therefore less important; the relatively fewer data points 

available for each may have been responsible for the lack of significant 

correlation with substrate temperature. Wing drooping was more frequently 

observed in incubating terns than in any other group, but did not show a 

linear relationship with temperature. If it did at times serve in a 

thermoregulatory capacity, its dual use as a possible comfort posture (see 

above) may have masked any relationship with temperature. Significant 

correlations with substrate and/ or equivalent temperature for egg shading, 

egg sprinkling, and incubating attest to the thermal effectiveness of parental 

care for eggs. 

Use of above-roof structures, feather erection, panting, and shade

seeking were common and appeared to be most important for brooding adults. 

Wing drooping, while not rare, was uncommon enough to suggest that it is 

apparently of only moderate value for thermoregulation in this group. 

Correlation with only equivalent or substrate temperature, respectively, for 

chick shading and brooding probably reflects the increasing homeothermy of 

the chicks (Howell 1959, Hays 1980) and the decreased necessity for brooding 

birds to provide thermoregulation (cf. incubating adults above). 
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Use of objects above roof level, panting, and shade-seeking were the 

important cooling behaviors for post-brooding adults. This category had the 

only significant correlations for bill tucking, but no meaningful relationship 

for feather erection (e.g., Table 3, Figs. 6b, 6c, llb and llc), suggesting that 

bill tucking replaces the latter as the primary heat-retentive behavior in 

post-brooding adults. 

Among chicks, panting and shade use were clearly the primary 

thermoregulatory behaviors (e.g., Figs. 7b, 7c, 12d, and 12e); wing drooping 

was not often engaged and may be of limited value to these young terns. 

Chicks exhibited no significant heat-retentive behaviors of their own, 

apparently relying instead on brooding by parents and, possibly, their downy 

insulation. 

Flying chicks engaged in the same three significant cooling behaviors 

as did chicks, suggesting that their thermoregulatory needs may be similar. 

This may be related to the fact that both kinds of offspring spent no time or 

considerably less time flying than did adults, i.e., flying itself may provide 

cooling by exposing a large body surface area to high relative wind velocities. 

The difficulties of observing flying birds for more than brief periods, 

however, precluded more detailed examination of this possible 

thermoregulatory role. Use of standing water, unique to flying chicks, was 

apparently important for maintenance rather than thermoregulation; the 

small sample size may also have contributed to the insignificant correlations 

(see Table 2). On the other hand. if standing water was used for both 

maintenance and thermoregulation, a linear relationship with temperature 

may well have been masked. If this were true, then water use by flying chicks 

may have substituted for both their apparent inability to make full use of 

63 



above-roof structures, and their smaller surface-area-to-volume ratio for heat 

dissipation in comparison with chicks (Mahoney et al. 1985). 

There were only two differences noted between in-shade and in-sun 

components of thermoregulatory behaviors. One would expect lower 

percentages of use in the cooler shade, as was found in panting in incubating 

birds and wing drooping in brooding adults. Since panting appears to be the 

single most important thermoregulatory behavior in this species (below), this 

trend may be real. On the other hand, if other thermoregulatory behaviors 

are also initiated simultaneously with shade-seeking, one would then expect 

higher frequencies of use in shade when compared with use out of shade. For 

confirmation of either hypothesis, an even larger data base, including the less 

common behaviors, would apparently be needed. 

The analysis of shade use revealed a possible location switch in 

brooding and post-brooding adults at specific temperatures. For brooding 

terns, shade use increased rather steadily up to 55° C, at which point it dropped 

sharply (e.g., Fig. Sf). Simultaneously, there was a dramatic increase in the 

percent of time spent on structures above roof level (e.g., Fig. Sa). Similarly, 

post-brooding adults showed a sudden decrease in shade use between 4S-SSO C 

(e.g., Fig. 6d), accompanied by a jump in use of above-roof structures across 

the same temperature range (e.g., Fig. 6a). It is possible that at higher 

temperatures objects above roof level present a more hospitable thermal 

environment to these terns than even shaded regions of the roof substrate: a 

difference in air temperature between the two of at least zo C was detected in 

this study, and windspeed would be expected to be greater on the higher 

structures, especially on roofs having parapets. Complete equivalent 
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temperature measurements at representative above-roof and shade structures 

would clarify this relationship. 

In summary, panting appeared to be the primary thermoregulatory 

behavior for cooling for all reproductive stages of Least Tern. There were no 

significant differences in its use between different breeding stages of tern; in 

addition, panting was used by all terns, had high mean percentages of use, and 

all its correlations were significantly linear with temperature (Table 3 ). 

Shade use was certainly second in importance as a thermoregulatory behavior 

based on the same criteria. Wing drooping, while used in all groups, probably 

places third in this species because it did not have consistently high mean 

percentages of use or as many significant correlations to substrate and 

equivalent temperature. If wing drooping is only of moderate 

thermoregulatory value, is used both as a thermoregulatory posture and as a 

comfort posture, or is actually only a comfort posture (as it may have been in 

incubating terns), this could account for those correlations that were not 

significant. For specific categories of tern, the only other cooling behavior 

that seemed important based on high mean percentage of use and meaningful 

correlations was use of above-roof structures in brooding and post-brooding 

adults. In addition, these terns may prefer such structures to shade at higher 

temperatures. For heat retention, feather erection seemed most important 

among Least Terns except for post-brooders, which apparently relied on bill 

tucking (see Figs. 6b and llb), and chicks, which seemed to depend instead on 

their downy covering and parental brooding. Incubating, brooding, and egg 

or chick shading by adults had high mean percentages of use and significant 

correlations with temperature and are certainly important for eggs and 

chicks. Although Least Terns may also use a fairly broad repertoire of less 
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important behaviors, these probably represent their primary 

thermoregulatory responses to their environment. 

Additional work should supplement similar hourly or temperature 

frequency data with temperature measurements of the terns themselves to 

determine the actual thermoregulatory value of specific behaviors. Complete 

equivalent temperature data rather than just substrate temperature should be 

recording during behavioral observations. This would provide better 

estimates of when specific thermoregulatory behaviors are initiated than the 

data provided here. Finally, marking of males and females could detect 

differences in thermoregulation not examined by this study, or clarify the 

trends reported here. 

Thermal Environment and Mortality 

Little data in the literature are available regarding the effects of heat 

stress on roof nesters and their offspring. Fisk ( 1978a) reported lack of shade 

as a possible cause of chick mortality on roofs, but also stated that temperature 

did not appear to be a problem. An air temperature for a roof colony of Least 

Terns in Miami was 32-33° C (Fisk 1978a), while at a Fort Lauderdale colony, a 

roof temperature of 3T C and a beach temperature of 41 ° C suggested that 

roofs may actually be cooler (Fisk 1978b). However, observers of roof-nesting 

Killdeer (Charadrius vociferous) reported air temperatures as high as 53-59° C 

and egg abandonment at 54° C (Prescott 1972, Demaree in Fisk 1978a), 

indicating that roof temperatures can be even higher than those reported for 

Least Terns (Fisk 1978a, b) and by this study. 
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Death related to temperature did not appear to be a factor in this study. 

Wild birds generally do not suffer from this type of mortality (Overstreet and 

Rehak 1982) because they can fly to less stressful microhabitats; this mobility, 

in fact , may represent the ultimate thermoregulatory behavior. No apparent 

heat stress was seen during these observations, although hyperthermia and its 

symptoms have been reported in Least Terns (Abdulali in Howell 1959, Gunter 

1982, Overstreet and Rehak 1982). The same combination of factors 

contributing to the highest equivalent temperatures (high air and ground 

temperatures coupled with a sharp drop in wind velocity) have been 

implicated in chick deaths in other Laridae (Salzman 1982). While high 

substrate temperatures were implicated in one report of Least Tern mortality 

(Gunter 1982) , only air temperatures (to 41.7" C) were cited. Howell ( 1959) 

found that young terns regulated body temperature better at higher than 

lower temperatures, and chicks under severe heat stress (up to 45° C) were 

reportedly able to regulate body temperature sufficiently for up to 38 minutes 

(Howell 1959). The very high substrate temperatures recorded during this 

study (over 55° C) show that under some conditions, even higher temperatures 

can be tolerated. These highest temperatures are undoubtedly the most 

important, because they are the ones most likely to cause mortality. 

The highest productivity at Santaluces, the hottest colony, suggests that 

Least Terns are very capable of dealing with heat stress. This is supported by a 

study of Sooty Terns (~. fuscata), in which the authors concluded that this 

larid, as well, deals effectively with high temperatures (Howell and 

Bartholomew 1962). Other researchers (MacMillen et al. 1977) concluded that 

while Sooty Terns are actually not very proficient at evaporative cooling, 

their use of behaviors such as wing drooping and their selection of sites with 
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adequate winds deal efficiently with the heat loads these birds normally 

encounter. An additional study of seven terns, including the Least and Sooty, 

found that the eggs of all seven species lose about the same fraction of water 

(Rahn et al. 1976), therefore demanding very similar thermoregulatory 

responses from parents. This similarity between this many species of terns , 

added to the evidence for effective high-temperature thermoregulation in 

both Least and Sooty Terns, suggests that this group as a whole is capable of 

dealing with the high temperatures found at typical breeding sites. 

The broad array of thermoregulatory behaviors observed in Least Terns 

also suggests that these birds are well-prepared for dealing with heat. 

Additionally, on roofs terns are able to make use of components not always 

available at beaches, such as shade, elevated structures, and standing puddles 

of fresh water. These may, in fact, make roofs a more hospitable thermal 

environment for terns than beaches, and use of these roof structures also 

demonstrates this tern's adaptability in its new environment. 

In conclusion, the equivalent temperature comparisons between beach 

and roof sites, coupled with the complete absence of mortality clearly 

attributable to heat stress, suggest that roof-nesting terns do not face a more 

hostile thermal environment than do their ground-nesting counterparts. The 

numerous thermoregulatory behaviors observed, coupled with the availability 

and use of physical roof structures, indicate that this species is well-equipped 

for handling the novel thermal environment it encounters atop roofs. 

There are not enough data available in the literature on mortality 

factors at other roof colonies to state why some roof nesters have fared so 

much better than others, but predation. 'itorms, and fallen chicks are probably 

the most likely agents. However, it 'itill remains clear that certain roof 
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nesting locations are quite productive, and that for some Least Tern 

populations the switch from natural beach nesting sites to roofs has certainly 

been beneficial in maintaining , if not actually increasing, individual 

reproductive success. 
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