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ABSTRACT.--We used cross-sectional, longitudinal, and experimental data to investigate 
the effects of habitat at the smallest spatial scale--the nest site--on reproductive success of 
Magellanic Penguins (Spheniscus magdlanicus). Over an eight-year period, the amount of nest 
cover was positively correlated with fledging success. The same pairs tended to be more 
successful when they had more nest cover, and experimental increases and decreases in cov- 
er significantly affected survival of nest contents. Other characteristics of nest sites, such as 
nest type and type of vegetation over the nest, did not affect success. The positive effect of 
cover resulted mainly from reduced exposure of nest contents to predators during incuba- 
tion and to high temperatures when chicks were young. Roof cover was positively correlated 
with fledging success in nests from all areas. Cover on the sides of the nest giving the most 
protection from the sun was positively correlated with fledging success in warmer sites and 
with survival of young chicks in all areas. Young chicks at nests with less cover were more 
likely to move from their nests and to die on hot days. Experimental results indicated that 
the likelihood of egg detection by predators decreased with increasing nest cover. Height of 
nest entrance was a significant predictor of egg loss, suggesting that accessibility of nest 
contents to predators was an important component of predation risk. Thermal properties of 
nests and risk of predation were related; predation of nest contents was more likely when 
adults were absent, and during hot weather adults were more often absent from nests with 
little cover Although the effect of cover on success was small relative to the large yearly 
variation in success due to food conditions, cover is likely to influence lifetime reproductive 
success substantially. Large and long-term data sets and experimental approaches may be 
necessary to identify subtle but biologically important factors among long-lived organisms 
that inhabit variable environments. Received 18 November 1996, accepted 29 May 1997. 

STUDIES OF DIVERSE TAXA have found that an 

organism's ability to survive and reproduce de- 
pends in part on the habitat in which it lives 
(Smith 1968, Nettleship 1972, Riechert and Tra- 
cy 1975, Sargent and Gebler 1980, Swingland 
1983, Dobkin 1985). The degree to which a par- 
ticular habitat influences survivorship or re- 
productive success is a measure of the relative 
value of that habitat to the organism. Ultimate- 
ly, fitness effects resulting from habitat differ- 
ences are expected to influence the evolution of 
habitat selection (Levins 1968, Orians and Wit- 
tenberger 1991). 

Habitat may be defined at various spatial 
scales (Wiens 1986, Orians and Wittenberger 
1991, Bergin 1992), from geographic to mi- 
croenvironmental. The avian nest site exempli- 
fies habitat at the latter scale, providing a lo- 
cation where adults, eggs, and chicks may be 
protected from predators (Keppie and Herzog 
1978, Martin and Roper 1988) and environmen- 
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tal stresses (Ricklefs and Hainsworth 1969, 
Walsberg 1985). The nest site also may offer 
protection from conspecifics (Finch 1989) and 
facilitate courtship and pairing (Morse and 
Kress 1984). Like larger-scale habitat compo- 
nents, nest sites are variable in their character- 
istics and therefore may differ in their effec- 
tiveness at fulfilling one or more of these func- 
tions, thus influencing a bird's fitness. Charac- 
teristics such as amount of cover (Hudson 1982, 
Jackson et al. 1988, Martin and Roper 1988, 
Norment 1993), orientation (Austin 1976), 
height (Rendell and Robertson 1989), and slope 
(Birkhead et al. 1985) have been found to influ- 
ence breeding success. Some studies, however, 
have found no effect of nest-site characteristics 

on success (Best and Stauffer 1980, Reitsma et 
al. 1990, Holway 1991, Howlett and Stutchbury 
1996). 

Most studies of fitness effects of habitat are 

based on nonmanipulative cross-sectional data 
and correlations between habitat characteris- 

tics and reproductive success (e.g. Hudson 
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1982, Birkhead et al. 1985, Rendell and Robert- 
son 1989, Hatchwell et al. 1996; but see Plesz- 
czynska 1978, Wiens 1985, Howlett and Stutch- 
bury 1996). Although useful as indicators of 
patterns of success in various habitats, such 
correlations do not necessarily reveal whether 
differences in survival or reproductive success 
are due to the habitats themselves or to attri- 

butes of the organisms in them (Coulson 1968, 
Wooler and Coulson 1977, Pugesek and Diem 
1983, Ens et al. 1992). For example, if the indi- 
viduals best able to raise chicks (e.g. the oldest, 
most experienced, or largest) also are able to 
hold the "best" nest sites, then higher success 
in these sites may simply be a result of the pos- 
itive correlation between bird quality and ap- 
parent nest quality. Confusion of these factors 
precludes reliable conclusions about the value 
of habitats to organisms or how organisms se- 
lect habitats. To understand the forces that 

drive habitat choices, the relative value of dif- 
ferent habitats must be assessed independently 
of the actual choices individuals make. 

In this study we test the essential premise of 
habitat-selection studies--that habitats differ 

in ways that affect the fitness of the individuals 
selecting them--by examining nest-site char- 
acteristics and reproductive success in Magel- 
lanic Penguins (Spheniscus magellanicus) at Pun- 
ta Tombo, Argentina. We also investigate the 
mechanisms that account for such effects. To 

determine if effects are caused by the sites 
themselves and to avoid confounding bird and 
site quality, we supplement multivariate and 
univariate cross-sectional analyses with longi- 
tudinal and experimental data. Magellanic Pen- 
guins at Punta Tombo are particularly well 
suited to this approach because of marked vari- 
ation in nest sites and the opportunity for ex- 
perimental manipulation of sites, as well as the 
existence of a long-term data set for a large 
number of marked individuals and nests. 

Magellanic Penguins.--The nest site is the fo- 
cal point for all terrestrial activities of Magel- 
lanic Penguins during their six-to-eight month 
breeding season. Typically, males begin to 
claim and defend nest sites in mid- to late Sep- 
tember. Females join the males at the nest by 
early October and produce a two-egg clutch 
that is incubated alternately by the parents for 
approximately 40 days. Chicks hatch in mid- to 
late November and are fed by both parents for 
60 to more than 90 days. The chicks are attend- 

ed by a parent continuously until they are ap- 
proximately 30 days old, during which time 
they usually stay in the nest. Older chicks are 
usually unattended and sometimes occupy 
sites away from their natal nest, although they 
usually return to the nest to be fed. Chicks 
fledge from mid- to late January through Feb- 
ruary. After chicks fledge, adults return to their 
nests to molt before leaving the colony in April. 

Penguins at Punta Tombo use nest sites of 
widely differing types, nesting under bushes 
(bush nests), in burrows, and occasionally in 
the open (Boswall and MacIver 1975, Stokes 
and Boersma 1991). Even among nests of the 
same type, the amount of cover and other char- 
acteristics such as entrance dimensions, orien- 
tation, and bush species are highly variable. Be- 
cause adult penguins at Punta Tombo are sub- 
ject to almost no terrestrial predation, and 
death of adults at the colony is rare, any influ- 
ence of nest quality on fitness should be ex- 
pressed almost entirely through fledging suc- 
cess. Thus, within a season, differences in 
fledging success should provide an indication 
of the relative fitness value of nest characteris- 
tics. Most effects of nest characteristics on 

fledging success should occur in the incubation 
and early chick-rearing periods, when one-half 
to more than three-quarters of mortality of nest 
contents occurs (Boersma et al. 1990, Boersma 
and Stokes 1995), and when offspring generally 
are confined to the nest. 

Previous results and predictions.--Spheniscus 
penguins are temperate in distribution. Well 
adapted to life in cold water, they seem over- 
insulated for life on land (Frost et al. 1976a) and 
exhibit a wide variety of anatomical physiolog- 
ical, and behavioral traits believed to be adap- 
tations for survival in warm climates (Stone- 
house 1970). Unlike penguins that live in the 
Antarctic and sub-Antarctic, Spheniscus pen- 
guins usually nest in sheltered sites (Stone- 
house 1967), apparently to avoid direct inso- 
lation and resulting high temperatures (Gala- 
pagos Penguin [S. mendiculus], Boersma 1975; 
Jackass Penguins [S. demersus], Frost et al. 
1976a, LaCock 1988). Use of sheltered sites also 
may reduce predation. Although predation of 
adults on land is rare at most Spheniscus breed- 
ing sites, eggs and chicks are subject to many 
avian and mammalian predators (Boswall and 
MacIver 1975, Frost et al. 1976b, Yorio and 
Boersma 1994). 
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TABLE 1. Characteristics of Magellanic Penguin nests (values are œ ñ SD, with range in parentheses). Sample 
includes only nests with eggs in 1990. Variables are percent cover on north (NORTH), east (EAST), south 
(SOUTH), and west (WEST) sides; percent cover on roof (ROOF); average percent cover on all sides (SIDES); 
height (HEIGHT) and width (WIDTH) of nest-entrance opening; and distance from outside entrance to 
back of nest (LENGTH). 

Variable Burrow nests (n = 131) Bush nests (n = 232) 

NORTH (%) 
EAST (%) 
SOUTH (%) 
WEST (%) 
ROOF (%) 
SIDES 
HEIGHT (cm) 
WIDTH (cm) 
LENGTH (cm) 

77.8 + 3.41 (0-100) 66.7 ñ 2.41 (0-100) 
80.3 ___ 3.34 (0-100) 56.7 + 2.61 (0-100) 
71.1 + 3.82 (0-100) 66.5 ñ 2.36 (0-100) 
79.1 _+ 3.40 (0-100) 69.6 ñ 2.27 (0-100) 
96.6 ñ 0.94 (25-100) 77.8 ñ 1.15 (15-100) 
77.2 _+ 0.68 (45-100) 65.2 -+ 0.74 (0-95) 
22.3 ñ 0.38 (15-44) 29.1 --_ 0.81 (14-100) 
40.4 ñ 0.78 (26-100) 42.0 + 0.68 (22-88) 
68.3 ñ 2.02 (21-131) 83.7 -+ 1.82 (41-200) 

These potential selective forces suggest test- 
able predictions to determine whether and how 
nest characteristics affect reproductive success 
of Magellanic Penguins. If nest cover signifi- 
cantly reduces the likelihood of heat stress or 
predation, pairs using nest sites with more cov- 
er should have higher fledging success than 
those in sites with less cover Roof cover should 

be particularly important, giving protection 
from both sun and avian predators. If preven- 
tion of heat stress is the primary benefit of cov- 
er, birds in nests with less cover on the north 
and west sides (the sides providing the most 
protection from the sun in the Southern Hemi- 
sphere) and those using nests with the entrance 
(usually the side of the nest with the least cov- 
er) oriented toward the north should have re- 
duced success. If prevention of predation is the 
major benefit, there should be no particularly 
favorable compass orientation of maximum 
side cover 

Characteristics other than amount of cover, 
such as nest type and bush type, also may be 
important. Burrows generally provide more 
cover than bush nests (Table 1); however, even 
among burrows and bush nests of equal cover, 
burrows may be advantageous because their 
thermal properties may be more favorable for 
chick development (Frere et al. 1992). Nests lo- 
cated under spiny bushes may be better pro- 
tected against predators than nests under 
bushes without spines. Because risk of heat 
stress and predation should vary with changes 
in temperature and vulnerability of offspring, 
different nest characteristics may be important 
at different stages of the breeding season. 

Despite ample reasons for expecting nest 
characteristics to be important determinants of 

fledging success, investigations of such effects 
in Magellanic Penguins have yielded ambigu- 
ous results. Gandini (1993) found that different 
components of nest structure were correlated 
with fledging success in two years, with no sig- 
nificant correlations in a third year. A nest- 
quality index was associated with fledging suc- 
cess; however, this index included larger-scale 
variables (nest density, ambient foliage density, 
location) in addition to nest characteristics. 
Specific effects of nest cover have been noted 
(lower chick mortality in nests protected from 
wind and rain in an unusually cold year [de 
Bary 1990], and higher egg predation in nests 
with very little cover [Frere et al. 1992, Gandini 
1993]); however, these effects did not signifi- 
cantly influence fledging success. Frere et al. 
(1992) found no difference in success at bur- 
rows and bush nests despite substantial differ- 
ences in average cover between the two types 
of nests. As with most investigations of habitat 
quality, the above studies were primarily cor- 
relational. They also were based on smaller 
sample sizes and fewer years of data than the 
present study. Given the probable subtlety of 
habitat effects relative to the large between- 
year and between-individual differences in re- 
productive success of Magellanic Penguins 
(Boersma et al. 1990), the large samples and 
multiple approaches of our study may be es- 
sential for detecting biologically important pat- 
terns. 

METHODS 

Study site.--Punta Tombo, Argentina (44ø02'S, 
65ø11'W), the site of the largest mainland colony of 
Magellanic Penguins (more than 200,000 breeding 
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Atlantic Ocean .... 

FIG. 1. Punta Tombo, Argentina. Magellanic Penguins nest primarily in shaded area. Study areas (I, II, 
and III), site of nest-cover manipulation experiment (NCM), and location of Kelp Gull breeding colony (KG) 
are indicated. 

pairs; Boswall and MacIver 1975, Boersma et al. 
1990), is near the northern limit of the species' breed- 
ing range on the Atlantic coast (Fig. 1). The area is 
characterized by a cool desert climate. Annual rain- 
fall averages 25 to 30 cm but is highly variable. Dur- 
ing the breeding season, daily maximum tempera- 
tures can be hot, exceeding 35øC several times in 
most years. Minimum temperatures rarely drop be- 
low 5øC after chicks hatch. Vegetation consists pri- 
marily of semidesert scrub dominated by Lycium spp. 
and Chuquiraga spp., with lesser amounts of Suaeda 
divaricata, Schinus polygamus, Acacia spp., Colliguaya 
integerrina, and other species. These bushes generally 
are 0.75 to 1.5 m tall and 1 to 2 m in diameter, al- 
though some Suaeda and Schinus are twice that height 
and more than 4 m in diameter. All species except 
Lycium, Suaeda, and Colliguaya have sharp spines. 

Except for small areas without vegetation, most of 
the colony consists of a mix of burrows and bush 
nests (Stokes and Boersma 1991). All species of bush- 
es are used for nest sites. A bush nest typically con- 
sists of a 40-to-50-cm diameter circular scrape 5 to 
20 cm deep (the nest cup) at the base of a bush, cov- 
ered and surrounded to varying degrees by branches 
and foliage. An opening (ca. 20 to 40 cm high) on one 
side of the vegetation is used as an entrance. Bushes 
vary in foliage density, with some providing scant 
cover and others completely obscuring the nest cup 
from view. Burrows range from little more than 
scrapes with a partial earthen roof to tunnels more 
than a meter long. A typical burrow has a relatively 
wide entrance that slopes downhill, narrows to a 
short neck, and widens into the nest-cup chamber. 

On average, burrows provide more cover than bush 
nests, although the entire range of cover may be 
found in nests of both types (Table 1). 

The Kelp Gull (Larus dominicanus) is the main 
predator of penguin eggs and chicks at Punta Tombo 
(Yorio and Boersma 1994, pers. obs.). Approximately 
5,000 pairs of Kelp Gulls nest in a colony less than 3 
km from most of the penguin nests at the colony, in- 
cluding those in our study areas (Fig. 1). Other com- 
mon predators of penguin eggs and chicks include 
Patagonian gray foxes (Dusicyon griseus), armadillos 
(Chaetophractus villosus), skunks (Conepatus humbold- 
ti), ferrets (Lyncodon magellanicus), and Southern Sku- 
as (Catharacta antarctica; Yorio and Boersma 1994). 

Data sets.--We used data collected during the 1984 
to 1991 breeding seasons in three study areas at Pun- 
ta Tombo (see Boersma et al. 1990). The study areas, 
designated Areas I, II, and III, are located at 100, 300, 
and 600 m inland (approximate median distance), 
respectively (Fig. 1). Vegetation and nest-type com- 
position in these areas are typical of most of the col- 
ony; one-quarter to one-third of the nests are in bur- 
rows and the remainder are on the ground beneath 
bushes. Active nests were permanently marked at the 
beginning of the study and checked throughout each 
breeding season to identify breeding pairs and to de- 
termine nest attendance, status of nest contents, and 

fledging success. Every year, all newly active nest 
sites in the areas were marked and checked. Nests in 

Areas I and III were checked every 2 to 10 days each 
season, and those in Area II were checked daily. 
Breeding birds were marked for identification with 
numbered stainless steel flipper bands. Chicks were 
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weighed every 10 days in all areas. We considered a 
chick to have fledged if it was alive when last seen 
after 10 January (the approximate date at which 
chicks begin to fledge) and if it had a mass of at least 
1.8 kg the last time it was weighed. 

Weather data, including daily maximum, mini- 
mum, and current temperature (all _+ IøC), and daily 
precipitation, were recorded at approximately 0800 
local time at the same shaded location 400 m inland 

in all years. In 1991, daily maxima and minima also 
were recorded in Areas I and III. 

Each year, study nests were classified by type (bur- 
row, bush, or open scrape) and amount of cover af- 
forded the nest cup: "high" cover nests, with at least 
80% of the nest cup obscured from view; "medium," 
60 to 79% cover; and "low," less than 60% cover. At 
least one of us was present every season to standard- 
ize data collection by observers. Nests not catego- 
rized in a given year were assigned the value of the 
previous and subsequent year if those values were 
the same. If those values differed, the unclassified 
nests were excluded from analyses. 

In 1990, we made detailed descriptions of approx- 
imately 100 nests in each study area, measuring the 
height (HEIGHT) and width (WIDTH) of the en- 
trance and the distance from the outside edge of the 
entrance to the back of the nest cup (LENGTH), as 
well as estimating to the nearest 5% the amount of 
cover provided by the nest sides in each of the four 
compass directions (NORTH, SOUTH, EAST, and 
WEST) and the roof (ROOF). We standardized esti- 
mates of side cover by kneeling to a height of I m on 
the four sides of the nest and estimating the per- 
centage of the nest cup visible from a distance of 1 
m. Roof cover similarly was estimated from a posi- 
tion directly above the nest. We measured orienta- 
tion of the nest entrance to the nearest degree with 
a compass. Nest type (TYPE; bush or burrow), study 
area (AREA), and species of bush under which bush 
nests were located also were recorded. 

Experiments.--In addition to gathering descriptive 
data, we performed two experiments. On 4 Novem- 
ber 1990, we designated as a control each medium- 
cover (60 to 79%) bush nest containing an adult in- 
cubating two eggs that we encountered along a tran- 
sect (NCM in Fig. 1). For each control nest, we then 
located the two closest medium-cover bush nests 

with an adult and two eggs, and by coin toss we as- 
signed these two nests to different treatment groups. 
We clipped some of the branches from the roof and 
sides of one treatment nest (giving it the cover of a 
typical low-cover bush nest), and added these 
branches to the roof and sides of the other (making 
it a typical high-cover bush nest). We shook the 
branches of the control nests to mimic the distur- 

bance we caused at the treatment nests. We made 20 

replicates, although in one case two of the three birds 
abandoned their nests during the manipulation. We 
excluded this set of nests from the analysis, for a to- 

tal sample of 19 sets of three nests. To determine sur- 
vival of nest contents, we marked the eggs and chicks 
and checked all nests at intervals of 2 to 10 days until 
19 December, when chicks were beginning to move 
from their nests. The 45-day period of the experi- 
ment comprised approximately the last third of the 
40-day incubation period and the entire early chick- 
rearing period (to about 30 days after hatching). 

To experimentally investigate the effects of nest 
cover on detection of eggs by predators, we placed 
chicken eggs in empty penguin nests during the in- 
cubation period and monitored disappearance rates. 
We used three nests of the same type (one of each 
cover class: high, medium, low) at each of 27 loca- 
tions spaced at approximately 33-m intervals along 
transects across the colony. We repeated the proce- 
dure using different nests one week later, for a total 
of 54 sets of three nests (162 nests). The eggs were 
similar in color to Magellanic Penguin eggs (white) 
and had a mass of 55 to 65 g, approximately half that 
of an average Magellanic Penguin egg. We checked 
all nests every 24 h and noted whether the egg was 
present. Although placed in empty nests, several 
chicken eggs were later attended by penguins. Be- 
cause these eggs probably were not available or vis- 
ible to predators, any nest in which a penguin was 
found with an egg was excluded from the analysis. 

Analysis.--We compared fledging success of birds 
in nests that differed in cover and type for each year 
separately and for all yearly samples pooled. For 
these comparisons, we restricted our analysis to data 
from one area (II) to avoid any area-scale differences 
in success, and because this area was checked most 

uniformly and frequently over the eight-year period. 
In this and all other analyses, fledging success was 
based only on nests where eggs were laid. Because 
few nests with eggs in Area II were in the low cover 
category, low- and medium-cover nests were com- 
bined. 

To control for differences in bird quality, we com- 
pared changes in fledging success of pairs that re- 
mained together but whose nest-cover class changed 
between breeding seasons. Cover changed because 
characteristics of nests changed (72% of 164 pairs of 
breeding attempts), or because pairs moved (28%). 
Because birds almost always breed at or near their 
previous year's nest, possible large-scale location ef- 
fects on success are controlled for, and all pairs for 
which reliable fledging success and nest-cover re- 
cords were available could be included, regardless of 
study area. To avoid effects of large changes in pair 
age, a pair's success in a given year was compared 
with that of the following year if possible (70% of 
cases), or the year after the following year (30%). All 
nesting attempts in the 1984 season were excluded 
from this analysis because in that year nearly all 
pairs failed to fledge chicks. We tested for differences 
among groups using a X 2 test of a 3 x 2 contingency 
table. To identify the location of significant differ- 
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F•c. 2. Magellanic Penguin fledging success by 
nest cover, 1984 to 1991. Data are from Area II, where 
nests were checked daily. Yearly mean success of 
birds using nests with -•80% cover was higher than 
for birds in nests with less cover (paired t = 2.45, df 
= 7, P < 0.05). 

Fledging Success 
ß Increased n=56 

[] Same n--68 
[] Decreased n=40 

Increased Decreesed 

Nest Cover 

F•c. 3. Change in fledging success (number of 
chicks fledged) for Magellanic Penguin pairs whose 
nest cover changed in successive years, 1985 to 1991. 
More pairs had increased fledging success when 
their nest cover increased and more had decreased 

fledging success when their nest cover decreased. 

ences, we partitioned the contingency table follow- 
ing methods in Siegel and Castellan (1988). 

To identify the nest characteristics that determine 
nest quality, we performed a multivariate analysis on 
the detailed 1990 nest description data. Three depen- 
dent binary variables measuring: (1) whether a nest 
lost at least one egg, (2) whether all chicks of a nest 
died by age 30 days (when some chicks no longer 
stay in their home nest), and (3) whether at least one 
chick from a nest was alive on 10 to 15 January (a 
measure of fledging success), were analyzed inde- 
pendently by logistic regression (SPSSPC; Norusis 
1990) with the following independent variables: 
NORTH, SOUTH, EAST, WEST, SIDES (the average 
of the cover on all four sides), ROOF, HEIGHT, 
WIDTH, LENGTH, TYPE, and AREA. The latter two 
variables were categorical and were coded as devia- 
tion contrasts. We transformed the percentage vari- 
ables using the arcsine transformation. Variables 
were entered into the equations in forward stepwise 
fashion, with order of entry determined by signifi- 
cance and removal by the likelihood-ratio statistic. 

Experimental data were drawn from matched sets 
of experimental nests in a randomized complete 
block design and analyzed using nonparametric an- 
alogues of two-way analysis of variance (Conove r 
1980). To test for differences in survival of nest con- 
tents among treatments in the cover-manipulation 
experiment, we used the Quade test, a two-way anal- 
ysis of variance on ranks. Blocks consisted of the 19 
sets of the three nearby nests of the three treatments 
(decreased cover, control, and increased cover), and 
duration (in days) of survival of nest contents was 
ranked within each block. Cochran's Q-test for relat- 
ed samples of dichotomous variables was used to test 

for differences in egg disappearance rates (i.e. pres- 
ence or absence of eggs) among the three nest-qual- 
ity classes in the chicken-egg experiment. 

RESULTS 

Nest cover and fiedging success.--Although 
yearly mean fledging success was extremely 
variable, over the eight years of the study suc- 
cess was significantly higher at nests with more 
cover (Fig. 2). On average, birds using nests 
with low or medium cover fledged 17% fewer 
chicks per year (0.05 fewer chicks) than those 
using nests with high cover. The difference was 
greatest in years of high fledging success, and 
smallest in years of low success (1984, 1987 and 
1991). In two of these low-success years (1984 
and 1987), food conditions were poor and near- 
ly all chicks died of starvation. The only year of 
higher success in nests with less cover was 
1991, when 142 mm of rain fell in four days 
during the early chick-rearing period. This was 
the most rain to fall in a single storm in any 
breeding season of the study; it caused exten- 
sive flooding of nests, resulting in high chick 
mortality. 

The effect of nest cover on fledging success 
also was evident in changes in success of pairs 
whose nest cover changed between years (Fig. 
3). Fledging success tended to increase from 
the previous year when a pair's nest cover in- 
creased, and tended to decrease when nest cov- 
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er decreased (X 2 = 9.31, df = 2, P < 0.01). Both 
increased and decreased fledging success were 
significantly associated with changes in nest 
cover (increased vs. same success: X 2 = 5.28, df 
= 1, P < 0.01; decreased vs. same and in- 
creased: X 2 = 4.04, df = 1, P < 0.05). 

Results of the nest-cover manipulation were consistent with the correlative and longitudi- 
nal data (Fig. 4). At the end of the experiment, 
nests with increased cover had more than three 

times as many surviving chicks (1.58 chicks per 
nest, n = 19) as nests with reduced cover (0.42 
chicks per nest, n = 19). Survival was inter- 
mediate (1.21 chicks per nest, n = 19) in control 
nests (unchanged cover). Differences in ranks 
of mean number of days a clutch survived 

(maximum = 45 days) were significant among the three treatments (Quade test, T = 11.17, P 
< 0.01), and all treatments differed significant- 
ly from each other (P < 0.05). Effects of cover 
during both incubation and chick rearing con- 
tributed to the overall pattern; losses of eggs as 
well as chicks were highest in nests with de- 
creased cover (29% of eggs lost, 70% of chicks), 
intermediate in control nests (16% of eggs, 25% 
of chicks), and lowest in nests with added cover 
(5% of eggs, 17% of chicks). 

Elements of cover and other nest variables.--Lo- 
gistic regression analysis of the 1990 data in- 
dicated that amount of roof cover was the only 
nest-site characteristic significantly related to 
success or failure of nests, when all variables 
were considered (Table 2). Univariate results 
suggested that side cover, especially on the 
north and west, also was important. However, the measures of side cover were highly corre- 
lated with roof cover and were not significant 
variables in the multivariate solution once roof 
cover was included. Greater amounts of cover 

on the roof and north and west sides were sig- 
nificantly associated with lower rates of early 
chick mortality (Table 3). Height of nest-en- 
trance opening was the most important deter- 
minant of egg loss, with eggs in nests with 
higher entrances at greater risk (Table 4). None 
of the characteristics explained much of the 
variance in fledging success (partial correlation 
coefficient for roof cover = 0.177; Table 2), in- 
dicating that other factors also were important. 

Nest type (bush or burrow) was not signifi- 
cantly related to any of the measures of success 
in the multivariate analysis. Consistent with 
this, although birds nesting in burrows at in- 
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dicates median number of days of clutch survival for 
each treatment. 
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TABLE 2. Magellanic Penguin nest characteristics and fledging success, 1990. Nests in which at least one 
chick survived through mid-January (successful) are compared with nests in which no chicks survived 
(unsuccessful). Logistic regression values are estimates of significant parameters; P- and R-values are 
based on all significant variables entered in the equation. 

ANOVA a Logistic regression 
Variable Unsuccessful Successful F Estimate P R 

NORTH 67.2 _+ 2.93 77.2 -+ 2.94 5.68* 0.055 0.064 
EAST 67.9 -+ 3.03 64.0 -+ 3.56 0.70 0.124 0.030 
SOUTH 65.8 -+ 3.04 68.4 -+ 3.32 0.36 0.955 0.000 
WEST 68.4 _+ 3.01 77.0 -+ 2.93 4.18' 0.108 0.038 
ROOF 79.7 _+ 1.56 87.6 _+ 1.34 14.20'** 0.029*** 0.000 0.177 
SIDES 67.4 _+ 0.92 71.8 -+ 0.81 12.47'** 0.164 0.055 
HEIGHT 27.5 _+ 1.01 25.7 _+ 0.68 1.96 0.975 0.000 
WIDTH 41.8 +_ 0.87 41.8 _+ 0.80 0.00 0.646 0.000 
LENGTH 77.3 _+ 2.32 79.5 _+ 2.26 0.46 0.433 0.000 
TYPE b 0.137 0.000 
AREA b 0.551 0.000 

*, P < 0.05; **, P < 0.01; ***, P < 0.001. 
Values are œ ñ SE; n = 158 unsuccessful nests, 138 successful nests. 

Categorical variables. 

land study areas in 1990 were more likely to 
fledge chicks than were birds nesting under 
bushes (X 2 = 4.04, df = 1, P < 0.05, n = 197), 
fledging success did not differ significantly be- 
tween high-cover nests of the two types (X 2 = 
1.19, df = 1, P < 0.30, n = 113). Similarly, in the 
eight yearly samples from Area II, average 
fledging success at burrow nests (œ = 0.43) was 
higher, although not significantly so, than that 
at bush nests (œ = 0.38; paired t = 1.54, df = 7, 
P < 0.20). Considering only nests with high 
cover, success of the two nest types was about 
the same (œ = 0.43 vs. 0.42, respectively; t = 

0.62, df = 7, P < 0.50). Thus, any advantage in 
fledging success of burrows versus bush nests 
(if one exists at all) appears to be a function of 
the greater cover provided by burrow nests. 

The type of bush under which nests were lo- 
cated also had no effect on success. In the two 

inland study areas (where species composition 
of bushes was similar), pairs nesting under 
Chuquiraga (spiny) and Lycium (not spiny) 
bushes had similar fledging success (X 2 = 
0.001, df = 1, P = 0.98, n = 153). The probabil- 
ity of egg loss also was unrelated to whether 
bushes had spines (X 2 < 0.001, df = 1, P = 1.0, 

TABLE 3. Magellanic Penguin nest characteristics and chick survival to 30 days. Nests in which at least one 
chick survived the early chick-rearing period (successful) are compared with nests in which neither chick 
survived (unsuccessful). Logistic regression values are estimates of significant parameters; P- and R-values 
are based on all significant variables entered in the equation. 

ANOVA a Logistic regression 
Variable Unsuccessful Successful F Estimate P R 

NORTH 65.4 + 3.63 76.6 _+ 2.87 6.00* 0.011' 0.016 0.104 
EAST 68.9 _+ 3.74 65.4 _+ 3.41 0.47 0.602 0.000 
SOUTH 70.0 -+ 3.47 67.4 _+ 3.25 0.28 0.653 0.000 
WEST 66.3 _+ 3.77 76.4 _+ 2.88 4.71' 0.010' 0.033 0.086 
ROOF 80.8 -+ 1.79 87.8 -+ 1.28 10.87'* 0.020* 0.023 0.095 
SIDES 67.7 - 1.11 71.6 _+ 0.80 8.45** 0.651 0.000 
HEIGHT 25.6 _+ 0.72 25.5 -+ 0.64 0.01 0.393 0.000 
WIDTH 41.8 _+ 0.86 41.6 _+ 0.76 0.04 0.647 0.000 
LENGTH 75.4 _+ 2.48 78.4 _+ 2.14 0.82 0.204 0.000 
TYPE b 0.902 0.000 
AREA b 0.632 0.000 

*, P <• 0.05; **, P < 0.01; ***, P < 0.001. 
Values are œ + SE; n = 108 unsuccessful nests, 148 successful nests. 

Categorical variables. 
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TABLE 4. Magellanic Penguin nest characteristics and egg loss. Nests in which at least one egg was lost are 
compared with nests that did not lose eggs. Logistic regression values are estimates of significant param- 
eters; P- and R-values are based on all significant variables entered in the equation. 

ANOVA a Logistic regression 

Variable Eggs lost Eggs not lost F Estimate P R 
NORTH 71.3 _+ 4.27 72.1 _+ 2.39 0.03 0.918 0.000 
EAST 60.7 _+ 4.83 68.1 _+ 2.60 1.81 0.206 0.000 
SOUTH 65.7 _+ 4.74 67.2 _+ 2.54 0.08 0.678 0.000 
WEST 72.9 _+ 4.27 72.6 _+ 2.41 0.00 0.701 0.000 
ROOF 79.2 _+ 2.56 84.8 _+ 1.13 5.04* 0.148 0.017 
SIDES 67.8 +_ 1.53 70.1 _+ 0.67 2.45 0.192 0.000 
HEIGHT 29.9 _+ 2.13 25.6 _+ 0.50 8.55*** 0.038*** 0.004 0.143 
WIDTH 43.0 _+ 1.65 41.4 _+ 0.59 1.31 0.365 0.000 

LENGTH 80.6 _+ 4.04 77.6 -+ 1.74 0.56 0.304 0.000 
TYPE b 0.258 0.000 
AREA b * 0.026 0.102 

AREA(I) 0.313 0.122 0.035 
AREA(II) 0.274 0.166 0.000 

*, P < 0.05; **, P < 0.01; ***, P < 0.001. 

Values are œ + SE; n = 67 nests with eggs lost, 233 nests with no eggs lost. 
Categorical variables. 

n = 153). Nests under the two types of bushes 
did not differ significantly in any of the mea- 
sured nest characteristics except length (i.e. 
distance from mouth of entrance to back of nest 

chamber; œ = 69.0 vs. 87.1, t = 2.60, df = 361, 
P < 0.01), probably a result of the smaller av- 
erage size of Chuquiraga bushes. 

Nest orientation, grouped in categories of 45 ø 
(N, NE, E, etc.), was not significantly related to 
fledging success (X 2 = 7.51, df = 7, P < 0.40, n 
= 296). However, when categories were 
lumped, differentiating only between nests 
with entrances facing north versus south of an 
east-west plane, success was lower in nests fac- 
ing north (X 2 = 3.90, df = 1, P < 0.05, n = 296). 
The relationship was significant among bur- 
rows (X 2 = 4.87, df = 1, P < 0.05, n = 106) but 
not bush nests (X 2 = 0.47, df = 1, P < 0.50, n = 
190). 

Nest characteristics and temperature.--Area I is 
100 m from the mean high tide line and often 
is slightly cooler than sites farther inland. For 
example, during the 1991 breeding season, the 
average daily maximum temperature in Area I 
was 1.6øC lower (SD = 3.0) than in Area III, and 
the maximum temperature for the period was 
2øC lower When the multivariate analysis of 
1990 data shown in Table 2 was repeated for in- 
land sites only (Area I nests excluded), nest 
cover on the north side (as well as roof cover) 
was a significant variable (R = 0.103, P < 0.05, 
n = 218) in the logistic regression for fledging 
success, suggesting a sun-protection function 

of nest cover and greater importance of such 
protection at inland sites. This is illustrated by 
univariate comparisons of nests in Areas I and 
III: roof cover was significantly associated with 
success in both areas, but north-side cover was 
associated with success only at inland sites 
(Fig. 5). 

In hot, sunny weather, daily maximum tem- 
peratures are higher in nests with less cover 
For example, on a day with midday shade tem- 
peratures typical of the early chick-rearing pe- 
riod (25 to 30øC), the temperature in a bush nest 
with low cover exceeded 40øC, more than 10øC 
hotter than in a bush nest with high cover On 
hot days, chicks in exposed nests often move to 
more shaded locations, usually other nests that 
are not currently occupied by adults (pers. 
obs.). In 1990, nests from which chicks moved 
(n = 30) averaged 10% less roof cover than 
nests of chicks that did not move (n = 107; t = 
3.15, df = 135, P < 0.01). Of chicks that moved, 
twice as many moved to nests with more cover 
(n = 18) than to nests with less cover (n = 9; 
three moved to locations of unknown or equal 
cover). Less cover also was associated with 
movement of chicks at younger ages. Among 
nests of chicks that survived until mid-January, 
roof cover averaged 63.0% (n = 7) for nests 
with chicks that first moved at 30 days or youn- 
ger (i.e. the age at which chicks begin to be left 
unattended) and averaged 81.4% (n = 31) in 
nests where chicks first moved when they were 
older than 30 days (t = 2.48, P < 0.05). The nest- 
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FIc. 5. Effect of roof cover (upper) and north-side 
cover (lower) on fledging success at Magellanic Pen- 
guin nests in seaside (Area I) and inland (Area III) 
study areas, 1990. Roof cover was significantly relat- 
ed to success in both areas (Area I: X 2 = 5.70, df = 1, 
P < 0.05, n = 90; Area Ill: X 2 = 3.86, df = 1, P < 0.05, 
n = 94). North-side cover was related to success only 
in inland area (Area I: X 2 = 0.01, df = 1, P ( 1.0, n 
= 90; Area III: X 2 = 4.81, df = 1, P • 0.05, n = 94). 
Asterisks indicate significant difference at P • 0.05. 

cover manipulation experiment also showed 
the influence of nest cover on chick movement. 

By the end of the experiment, chicks from nests 
with decreased cover were more likely to have 
moved (63% moved, n = 8) than chicks from 
control (14%, n = 22) or improved (3%, n = 29) 
nests (G = 11.95, df = 2, P < 0.01). 

We observed no large-scale die-offs during 
hot spells (cf. Salzman 1982). However, daily 
chick mortality rates in 1990 were significantly 
higher on the hottest days in late November, 
when most chicks were younger than 20 days 
old. In a sample of chicks monitored daily (n = 
206), 5.3% died on a day of high maximum tem- 
perature (38øC) versus an average of 2.1% in the 
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FIe. 6. Percent of chicken eggs remaining in un- 
occupied Magellanic Penguin nests with high, me- 
dium, and low cover after 24 h, November 1990. 
Nests occupied by penguins before eggs disap- 
peared were excluded (n = 26). The difference 
among treatments was highly significant (x 2 = 24.2, 
df = 2, P ( 0.001, n = 136).' 

two preceding and following days (œ maximum 
= 24øC; X 2 = 5.01, df = 1, P ( 0.05, n = 980 
mortality chances). Roof cover of nests where 
chicks died on the two days in late November 
when ambient temperatures exceeded 30øC 
was lower (70.8%, n = 24) than at nests where 
chicks died on the preceding and following 
cooler days (81.4%, n = 51; t = 2.74, P (0.01). 

Nest characteristics and predation.--Consistent 
with the multivariate results for egg loss (Table 
4), in the sample of all nests in 1990, egg-pre- 
dation rates were lower in nests with entrance 

heights less than 30 cm than in those with taller 
entrances (X 2 = 3.82, df = 1, P < 0.10, n = 300). 
Univariate results also suggested a possible ef- 
fect of roof cover on egg loss (Table 4), and 
more egg loss occurred in nests with less than 
80% roof cover than in those with more roof 

cover (X 2 = 4.36, df = 1, P < 0.05, n = 300). En- 
trance height and roof cover were moderately 
negatively correlated (R = -0.43). 

The chicken-egg predation experiment indi- 
cated a strong influence of nest cover on the 
rate of egg detection by predators, with eggs 
more likely to remain undisturbed in nest sites 
with more cover (Fig. 6). In the 28 sets of three 
nests in which none of the nests was occupied 
by a penguin (i.e. a randomized complete block 
design), treatment differences were highly sig- 
nificant, and the likelihood of retaining an egg 
over successive 24-h periods was positively 
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correlated with greater cover (Cochran's Q = 
25.75, P < 0.001). This sample included both 
bush nests and burrows; the positive effect of 
cover also was evident (P < 0.01) for each nest 
type considered separately. 

Nearly all (93%, n = 150) of the chicken eggs 
(including those found attended) were depre- 
dated after three days. Of the 12 eggs that re- 
mained, all except one were in high-cover 
nests. Five of the 12, including the one in a me- 
dium-cover nest, had been attended by pen- 
guins during at least one nest check and may 
have been inaccessible to most predators. 

Our daily observations of adult nest atten- 
dance suggest a link between thermal prop- 
erties of nests and predation. Eggs that were 
depredated often had been previously left un- 
attended. Of the 71 nests in Area II known to 

have been unattended on at least one day dur- 
ing the incubation stage, 32% suffered preda- 
tion compared with only 13% of nests not 
known to have been unattended (n = 805; X 2 
= 25.4, df = 1, P < 0.001). Neglect of nest con- 
tents was more likely to occur on hot days, 
when adults sometimes left the nest and stood 

panting in nearby shade, and occasionally left 
the area (pers. obs.). Among Area II nests 
from 1984 to 1991, maximum temperatures 
were significantly higher on the first day nests 
were unattended than on the previous day 
(paired t = 2.05, df = 57, P < 0.05) during in- 
cubation and early chick rearing in warm 
weather (Tmax on both days >20øC). Among 
nests with detailed nest descriptions in 1990, 
those that were unattended for at least one day 
had less roof cover (• = 74.1%) than those not 
known to have been unattended (œ = 83.7%; t 
= 2.37, df = 314, P < 0.05). 

DISCUSSION 

Nest characteristics and reproductive success.- 
Cross-sectionaL longitudinal and experimen- 
tal data demonstrate that amount of nest cover 

is a significant determinant of reproductive 
success in Magellanic Penguins, with greater 
amounts of cover producing higher fledging 
success. The magnitude of the effect of cover is 
small in a single season, especially compared 
with the large between-year differences in col- 
ony-wide fledging success (Fig. 2). However, 
the benefits of cover are present in nearly all 
years and are likely to have a significant effect 

on fitness over the lifetime of a penguin. Be- 
cause Magellanic Penguins are highly site 
faithful (Stokes 1994), individuals are likely to 
nest under similar cover conditions--often us- 

ing the same nest--for much or all of their re- 
productive lives. Based on band resightings 
and data on fledging success from 1983 to 1992 
(Boersma unpubl. data), we estimate that the 
average adult penguin at Punta Tombo proba- 
bly breeds for approximately eight seasons and 
fledges fewer than four chicks. Thus, nesting at 
a high-cover site, which confers an average 
yearly advantage of an additional 0.05 chicks 
fledged, could increase a pair's expected life- 
time reproductive success by 0.4 chicks, or 
more than 10% of expected lifetime output. 

The importance and variability of other in- 
fluences on fledging success (e.g. food condi- 
tions, parental quality, weather) probably ex- 
plain why, in the logistic regression analysis, 
nest characteristics accounted for only a small 
amount of the variance. Food availability prob- 
ably is the most important of these other factors 
(Boersma et al. 1990, Boersma and Stokes 1995). 
The effect of nest cover on success is less pro- 
nounced in years of low fledging success, pre- 
sumably because in those years survival of 
chicks depends primarily on the ability of par- 
ents to forage effectively under conditions of 
poor food availability. High annual variability 
in fledging success due to food conditions also 
explains the exceptions to the general pattern 
in the longitudinal results (i.e. pairs that in- 
creased their nest cover but had reduced suc- 

cess and vice versa). 
The contrary pattern observed in 1991, when 

fledging success was higher for birds in nests 
with less cover, was due to exceptionally heavy 
rains and flooding of nests when chicks were 
very young. Flooding of a nest before eggs 
hatch and chicks are old enough to move to 
high ground usually results in loss of the nest 
contents. In 1991, flooding occurred in nests of 
all amounts of cover, but because deep burrows 
with wide openings can collect large amounts 
of water during rainstorms (Stokes and Boers- 
ma 1991), some of the nests with the most cover 
experienced the worst flooding. Thus, the ad- 
vantages of good cover provided by some bur- 
rows were offset by greater susceptibility to 
flooding. Flooding severe enough to have this 
effect appears to be infrequent. No event com- 
parable to the 1991 storm occurred at Punta 
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Tombo from 1982 to 1993; the amount of rain 
was more than twice the amount that fell dur- 

ing the entire 70-day incubation and early 
chick-rearing periods of the next wettest season 
(1985). A local resident whose family has lived 
at the ranch adjoining the colony since the early 
1900s described the storm as very unusual for 
that time of year. 

Although in some cases (e.g. inland sites) 
fledging success was higher in burrows than 
bush nests, success in nests of the two types did 
not differ when only high-cover nests were con- 
sidered, indicating no advantage to burrows 
per se. Similarly, spininess of the bush under 
which a nest was located did not affect fledging 
success. These results indicate that it is the 

amount of cover, rather than the type, that is 
important in determining success. 

The longitudinal and experimental results 
confirm the importance of cover for fledging 
success. That the same breeding pairs had 
higher and lower success in years when they 
used nests with more and less cover, respec- 
tively, suggests that nest quality itself, rather 
than bird quality, confers the observed repro- 
ductive advantage. This result leaves open the 
possibility that pairs vary by season in some 
quality (e.g. body condition) that affects fledg- 
ing success and coincidentally affects ability to 
acquire a high-quality nest (Ens et al. 1992). 
However, the nest-cover manipulation experi- 
ment shows that cover is an important deter- 
minant of success regardless of yearly differ- 
ences in pair condition. Even if body condition 
and nest cover are positively correlated, the ini- 
tial similarity of the experimental nests would 
indicate that all occupants were of approxi- 
mately equal condition. Each increment of cov- 
er increase (low to medium and medium to 
high) produced a significant increase in suc- 
cess. The difference was greatest between low 
and medium cover (control) nests, which is 
consistent with the conclusion that having 
more than minimal cover is the main signifi- 
cance of nest cover for success (see de Bary 
1990, Gandini 1993). However, the difference in 
success between medium- and high-cover nests 
demonstrates a significant advantage of addi- 
tional cover beyond a moderate amount. 

An interesting aspect of our results is the 
contrast between the decisive effect of nest cov- 

er on success demonstrated by the experimen- 
tal cover manipulation versus the smaller effect 

found in the cross-sectional data. One would 

expect a similar level of effect in the two sam- 
pies, or, if nest quality and bird quality were 
positively correlated, the apparent effect of 
nest cover on success should be more pro- 
nounced in the correlative results. One inter- 

pretation of this unexpected result is that poor 
sites offer advantages to fledging success that 
partly offset the drawbacks of poor cover Pos- 
sible advantages include less competition for 
nest sites and familiarity with sites and neigh- 
bors. For example, intraspecific aggression oc- 
curs more frequently at better nests (Stokes 
1994) and appears to have a significant effect 
on survival of nest contents (Yorio and Boersma 
1994). Birds in poor sites may avoid some of 
these costs. 

Adult behaviors also may be matched to, and 
partly compensate for, the characteristics of the 
nest. For example, birds that occupy nests with 
less cover may spend more time shading eggs 
and chicks than do birds in better nests. A 

mechanism for this matching could be the pat- 
tern of breeding-site fidelity that occurs in this 
species (Stokes 1994). Although breeders gen- 
erally are site faithful re-use of the previous 
year's nest site is partly contingent on previous 
fledging success. Thus, birds that exhibit ap- 
propriate behaviors for the cover conditions of 
their nests will tend to succeed in fledging 
chicks and return to those nests; those that do 
not succeed will be more likely to move to new 
sites, where their behaviors may be more ap- 
propriate. Such compensating behaviors could 
carry energetic, mortality, or long-term repro- 
ductive costs that are not reflected in a single 
season's reproductive success. 

Temperature.--Our results suggest that pro- 
tection from sun is an important function of 
nest cover Overhead cover was the only vari- 
able in the multivariate analysis that contrib- 
uted significantly to fledging success. Univari- 
ate tests indicated that cover on north and west 

sides (the sides predicted to be most critical for 
shade) also may be important, and cover on the 
north and west sides was a significant deter- 
minant of chick survival. The significant effect 
on fledging success of north-side cover at 
warmer sites and higher success of birds in 
nests with entrances oriented away from north 
also support this conclusion. 

These results are not due to unusually warm 
weather in 1990. The mean daily maximum 
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shade temperature from 15 November to 15 De- 
cember (when nest contents are most vulnera- 
ble to high temperatures) in 1990 was 25.9øC, 
the nine-year (1983 to 1991) median for that pe- 
riod. The 1990 season was fourth out of nine 

years in the number of days with maximum 
temperatures exceeding 30øC (6 days; range 3 
in 1985 and 1986, 19 in 1983). 

The absence of a significant effect of nest ori- 
entation at a finer scale (by 45 ø categories) may 
be due to variability of side cover: many nests 
are highly exposed to sun from sides other than 
the entrance. This is particularly true of bush 
nests and probably explains why orientation is 
associated with success in burrows (which usu- 
ally are exposed only on the entrance side) but 
not in bush nests. Bush nests also are more like- 

ly to be located near (and shaded by) other 
bushes, which would further obscure the effect 
of orientation. Moreover, burrows may have 
thermal properties that make orientation a 
more critical component of nest design. For ex- 
ample, late-afternoon sun shining into an un- 
occupied burrow elevated the inside tempera- 
ture to 50øC, or 23øC higher than ambient; tem- 
peratures in a nearby bush nest at the same 
time were only 2øC above ambient (Stokes un- 
publ. data). The elevated temperature in bur- 
rows receiving direct sun presumably is due to 
re-radiation from exposed inside surfaces; such 
re-radiation has been proposed as a determi- 
nant of breeding-site suitability in other sea- 
birds (Burger and Gochfeld 1991). 

The significance of roof, north-, and west- 
side cover in explaining mortality of young 
chicks, and the higher mortality of young 
chicks on hot days in nests with less cover, sug- 
gests that the primary thermal importance of 
nest cover is protection of young chicks from 
high temperatures. Most of the mortality of 
Magellanic Penguin chicks occurs when chicks 
are less than 20 days old (Boersma and Stokes 
1995) and probably are unable to thermoregu- 
late effectively. Erasmus and Smith (1974) 
found that Jackass Penguin chicks could not 
thermoregulate in cold temperatures before 
they grew to at least 400 g, a mass typically at- 
tained by Magellanic Penguins at 10 to 20 days 
of age. 

Predation.--Protection of nest contents from 

predation is another benefit of nest cover sug- 
gested by both the multivariate analysis and 
the experimental results. In most of the colony, 

Kelp Gulls appear to locate vulnerable eggs 
and chicks from the air (Yorio and Boersma 
1994). The results of the chicken-egg experi- 
ment suggest that eggs and chicks in nests with 
more overhead cover are less likely to be de- 
tected by gulls. 

Once a predator, gull or mammal detects an 
egg or chick, it must be able to reach the nest 
cup. Typically, the size of the largest opening 
in the side cover (usually the entrance) will de- 
termine whether the predator can enter. In- 
deed, nest-entrance height may be the most 
critical characteristic of a nest during incuba- 
tion (Table 4), when high temperatures are less 
frequent than during the chick-rearing period 
and predation is a greater threat than heat 
stress. Although entrance height (œ = 27 cm, n 
= 196) probably is not a constraint for small 
predators (e.g. armadillos, ferrets, and skunks), 
at least two major predators, Kelp Gulls and 
foxes, are likely to be constrained by entrance 
height. A high entrance also may increase de- 
tection of eggs from the air by increasing the 
angle from which the nest cup can be seen. 

Protection from predation and heat stress are 
not entirely distinct functions of nest cover 
(Jehl and Mahoney 1987). An adult penguin in 
a nest presents a formidable defense to most 
predators. Although some predators (armadil- 
los and gulls) can take eggs and chicks while 
adults are present, predation is more likely to 
occur when nests are unattended (Yorio and 
Boersma 1994). This is indicated by the high 
disappearance rate of eggs from empty nests in 
the chicken-egg experiment. Our results sug- 
gest that birds in nests with less cover are more 
likely to temporarily leave the nest because of 
heat stress, and consequently to expose their 
eggs or chicks to risk of predation. This is con- 
sistent with studies of other Spheniscus species, 
which found that heat stress caused nest deser- 

tion (e.g. Boersma 1976, LaCock 1988). 
In addition, a chick that moves because of 

high temperatures in a poorly covered nest 
may face increased risk of predation while 
moving, as well as a host of other indirect costs. 
The chick may be more likely to miss feedings 
than chicks that stay at home, because parents 
usually return to the nest to feed chicks. Even 
if the chick returns to the natal nest for feed- 

ings, it may receive less food because some 
may be digested by the waiting parent before 
the chick arrives. Finally, by leaving its home 
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nest, a chick may increase its risk of being in- 
jured or killed by other adults. 

Nest quality and nest use.--Despite the clear 
advantage of greater amounts of nest cover for 
fledging success, penguins nonetheless use 
sites of widely differing cover and often contin- 
ue to use poor sites when better sites exist near- 
by. This reflects the constraints--physical, so- 
cial, and informational--to which penguins are 
subject when choosing nest sites (Stokes 1994). 
The number of high-cover nests at Punta Tom- 
bo is limited, and birds must compete for them. 
The benefits of a high-cover site may be out- 
weighed by the costs of acquiring it. Moreover, 
considerations besides the amount of cover 

may affect the relative value of nests. For in- 
stance, small numbers of incubating adults are 
killed in their burrows when occasional heavy 
rain saturates the ground, causing burrows to 
collapse (Stokes and Boersma 1991). Although 
slight (estimated risk of death by burrow col- 
lapse <0.2% per year), this mortality factor is 
not faced by birds in bush nests. In addition, 
although generally stable, some nests of both 
types deteriorate over time. Over the course of 
several years, some bushes provide less shelter 
as twigs are broken off for nesting material 
roots are killed during nest-cup excavation, or 
soil becomes unfavorable for plant growth due 
to high concentrations of guano (Pisano 1971). 
If bush cover declines, a bird must dig a burrow 
under the bush, move, or remain in a nest of re- 
duced quality. Burrows sometimes must be re- 
excavated depending on the amount of deteri- 
oration that occurs during winter. This can re- 
quire substantial movement of substrate (ca. 5 
X 104 cm 3 for a complete burrow [Stokes and 
Boersma 1991]), which doubtless is energeti- 
cally costly. Thus, although the value of a nest 
primarily is a result of the cover it provides, ac- 
quisition costs, mortality factors, and long- 
term maintenance costs may modify that value. 

CONCLUSIONS 

By reducing exposure of nest contents to 
predators and high temperatures, greater 
amounts of nest cover have a positive effect on 
fledging success of Magellanic Penguins. Lon- 
gitudinal and experimental data confirm that 
the reproductive advantage of sites with more 
cover results from the quality of the sites them- 
selves and not simply the quality of the birds 

in those sites. The effect of nest cover on fledg- 
ing success is small relative to annual variabil- 
ity in success due to food conditions, but be- 
cause penguins reproduce for many seasons 
and are site faithful, the yearly effect of nest 
cover is likely to influence lifetime reproduc- 
tive success substantially. Thus, fitness of Mag- 
ellanic Penguins appears to be significantly af- 
fected by habitat characteristics at the nest-site 
scale. With increasing alteration of coastal en- 
vironments by humans, protection of this spe- 
cies, as well as other Spheniscus species and 
burrowing seabirds in general, requires the 
identification and preservation of breeding 
habitats that include the elements necessary for 
successful reproduction. In particular, these 
habitats must provide sites with cover that al- 
lows nesting birds to avoid high temperatures 
and predation. 

Unlike other studies of Magellanic Penguins 
that were limited to fewer years, smaller sam- 
ple sizes, and mostly correlative approaches, 
our study found significant effects of relatively 
small differences in nest cover This shows the 

importance of large and long-term data sets 
and experimental approaches in identifying 
subtle but biologically meaningful factors. 
Such tools are likely to be important in the 
study and conservation of any long-lived or- 
ganism inhabiting a variable environment. 
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