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Gray gulls Larus modestus are unique among birds of 

northern Chile as the only species nesting in the interior 

Atacama Desert, and the only seagull nesting far (30 - 100 

km) from surface water. During breeding-nesting (August -

February) gray gulls congregate on the coast of northern 

Chile where they feed and initiate courtship. As early as 

August, breeding pairs commute daily to the inner desert to 

establish nesting territories, round-trip distances of 

60-200 Km. During incubation (30 days) and brooding (7 

days) adults alternate daily foraging flights to the coast. 

Afterwards, both adults forage daily for their chick(s) 

until fledging (ca. 60 days). Foraging flights and 

thermoregulatory costs during the period of maximal solar 

radiation, when ground temperatures may reach 61 C in the 

day and drop to 2 C at night, have selected for adaptations 

which minimize those costs: tolerance of hypothermia and 

hyperthermia; dark plumage; low egg-shell water vapor 

conductance; low standard metabolic rate; elaborate 

repertory of thermoregulatory behavior which allow adults to 



take advantage of microclimatic variations in the desert and 

minimize costs relative to a sympatric congenor, Larus 

belcheri scheduling foraging flights to take advantage of 

optimal atmospheric conditions and presence of forage fish 

(anchovies) close to the surface; scheduling migration to 

coincide with anchovy production and levels of interspecific 

competition; and reduced clutch size ( s 2) relative to most 

seagulls. Periodic El Nino-Southern Oscillations (ENSO), 

which reduce principal food items of gray gulls, have 

selected for 'bet hedging" tactic by which L. modestus 

either ceases reproduction or varies clutch size between one 

and two, as observed during and after the 1982-83 ENSO. 

During a typical reproductive season, breeding pairs 

allocate a minimum of 39 percent of their net metabolized 

energy (NME) to foraging flights. Including energy content 

of eggs, females have an overall reproductive effort (RE= 

reproductive costs/NME) of 35.1 percent of 122,086.8 KJ per 

year. 
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CHAPTER I 

INTRODUCTION 

During the past two decades interest and research in 

seabirds has increased rapidly (Nelson 1984), especially 

with seagulls (Larus, Laridae, Charadriiformes) whose 44 

species represent one of the most cosmopolitan of avian 

genera, occupying a wide diversity of habitats from 80° N to 

80° S lat (Harrison 1983) (Figure 1). Three-fourths of the 

Larids are in the Northern Hemisphere, with several species 

completely within the Arctic Circle. Two species (L. 

furcatus and L. fuliginosus), endemic to the Galapagos 

Islands are equatorial, while the remainder are found in the 

Southern Hemisphere, with one (L. dominieanus) able to breed 

in the Antarctica (Goodall et al. 1945; Harrison 1983). Most 

seagulls are in the temperate latitudes; only a few are 

tropical (L. serranus , L.dominieanus, L. belcheri, L. 

cirrocephalus, L. atricilla, L. hemprichi, L. 

leucophthalmus, L. heermanni, L. fuliginosus and L. 

modestus). Within their wide distribution, seagulls are 

found from sea level along the coast of each continent and 

shores of most islands to the highest lakes (ca. 5000 m) in 

the Andean Mountains (L. serranus) (Yanez 1949a,1949b; 

Goodall et al. 1945; Philippi 1964). 



Figure 1. Latitudinal distribution of the species 

belonging to the genus Larus (Harrison 1983). 



LATITUDE 
Species 
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L. 
* « 

pacificus * * * * 

L. scoresbii * * * * * 

L. fuliginosus * 

L. modestus * * * 

L. heermannii * * * 

L. leucophthalmus * * * * * * * 

L. hemprichi * * * * * * * 

L. belcheri * * * * * * 

L. crassirostris * * * * * 

L. audouini * * * 

L. delawarensis * * * * 

L. canus * * * * * * 

L. argentatus * * * * * * * * * * 

L. thayeri * * * * * * * 

L. fuscus * * * * * * 

L. californicus * * * * * * * * * 

L. occiden.talis * * * * * * * * * 

L. dominieanus ******************* 
L. schistisagus * * * * * * * 

L. marinus * * * * * * * * * 

L. glaucescens * * * * 

L. hyperboreus * * * * * * 

L. glaucoides * * * * 

L. ichthyaetus * * * * 

L. atricilla * * * * * * * * * * * * * 

L. brunnicephalus * * * * * * * * * * * 

L. cirrocephalus * * * * * * * * * * * * * 

L. serranus * * * * * * * * * * 

L. pipixcan * * * * * 

L. novaehollandiae * * * * * * * * * * 

L. melanocephalus * * 

L. relictus * * * 

L. bulleri * * * 

L. maculipennis * * * * * * * * 

L. ridibundus * * * * * * * * * * * 

L. genei * * * * * * * * * 

L. Philadelphia * * * * * * * * 

L. minutus * * * * * * 

L. saundersi * * * * * 

L. tridactyla * * * * * * * * * * * 

L. brevirostris * * * * 

L. furcatus * 

L. sabini * * * * * * 



It is the wide diversity of habitats occupied by 

seagulls which has attracted the attention of 

ornithologists, enabling them to conduct comparative 

physiological, behavioral, demographic and life history 

studies of adaptation and natural selection within a single 

avian genus (Beer 1965, 1966, 1969, 1970; Brown 1967; Harris 

1964; Moffet 1969; Bartholomew and Dawson 1979; Bennett and 

Dawson 1979; Chappell et al. 1984; Dawson et al. 1976; 

Dawson and Bennett 1980, 1981; Devillers 1977; Dunn and 

Brisbin 1980; Greig et al. 1983; Moynihan 1962; Palokangas 

and Hissa 1971; Schreiber and Lawrence 1976; Howell et al. 

1974; Bachrach 1974, among many others). Larids allow for 

studies of the evolution of life history tactics, 

demographic parameters and physiological and behavioral 

responses under extremely varied conditions, including 

Arctic-Antarctic climates, high elevations in the Andes and 

desert conditions. Though such studies on seagulls are 

numerous, relatively little is known about the several 

species which inhabit and reproduce in some of the most 

interesting and challenging, but remote environments. 

Of those, the gray gull Larus modestus is unique and 

provides an excellent opportunity to test various hypotheses 

concerning the evolution of life history traits, and 

physiological and behavioral adaptations. L. modestus is 

abundant on the Pacific coast of South America between 0° 



and 40° S lat (Howell et al. 1974; Meyer De Shauensee 1982; 

Harrison 1983). In Chile and Peru gray gulls occur along the 

coast every day of the year but do not nest there (Goodall 

et al. 1945; Howell et al. 1974). Instead they nest in the 

Atacama, the most barren and driest desert on earth (Howell 

et al. 1974; Louw and Seely 1982; Collias and Collias 1984). 

The only nesting colonies reported in the literature for L. 

modestus are in the Atacama Desert of northern Chile 

(Goodall et al. 1945; Howell et al. 1974; Guerra and 

Cikutovic 1983; and from the present study and papers 

derived from it), at distances of 25 to 100 km from the 

coast, where neither water nor food sources exist. 

Therefore, non-stop daily foraging flights to the coast for 

provisions, round-trip of up to 200 km are required by adult 

gulls. The unique nesting behavior and reproductive biology 

of gray gulls have been observed and/or studied by a number 

of biologists (e.g., Murphy 1936; Goodall et al. 1945, 1951; 

Yanez 1949; Cawkell and Hamilton 1961; Philippi 1964; 

Johnson 1967; Tovar 1968; Moffett 1969; Chapman 1973; Howell 

et al. 1974; Devillers and Terchuren 1976; Graham 1981; 

Cikutovic and Guerra 1980; Guerra and Cikutovic 1983a, 

1983b); nonetheless few quantitative physiological and 

reproductive data relative to other gulls were available 

until Howell et al. (1974), Cikutovic and Guerra (1980), and 

the present study and papers derived from it (Guerra and 



Figure 2. Cool coastal deserts of the world (Atacama, 

Namib and Baja California). Dotted areas represent deserts 

with different classification. 
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Cikutovic 1983a, 1983b; Cikutovic et al. 1987; Guerra et al. 

1987; Guerra and Fitzpatrick 1987). 

The Atacama is classified among the cool coastal deserts 

(Logan 1968; Louw and Seely 1982) together with the Namib in 

south-west Africa and the Baja of California (Figure 2). 

The primary cause of these deserts is the dry air produced 

by descending high pressure air masses (Louw and Seely 1982) 

which acts synergistically with the adjacent sea water which 

is cold for the latitudes. The close coastal currents in 

these three areas which originate poleward tend to pull away 

from the shore in response to the Coriolis force, producing 

cold water upwellings from the depths (Logan 1968) which 

further chills the coastal waters. The concomitant thin 

layer of low humidity air, formed close to the surface of 

the water, is pushed to the coast by strong SW diurnal winds 

where moisture is lost when crossing the coastal mountains. 

Additionally, the Atacama is in the Andean rain shadow. The 

consequence of all these factors is a 1800 x 250-km desert 

with extremely clear skies, intensive solar radiation, low 

humidity, high winds and rare precipitation (i.e., once 

every 10 years; Goodall et al. 1945). 

According to Bartholomew (1966), Dawson and Bartholomew 

(1968), Schmidt-Nielsen (1965,1985), Louw and Seely (1982), 

among others, the main and obvious problems facing animals 

in low latitude deserts is the intense solar insolation and 



the inseparable combination of high temperature and water 

scarcity. In deserts such as the Atacama, diurnal surface 

temperatures far exceed the upper limits for animals, 

especially homeotherms which are heated both exogenously and 

endogenously. Desert survival, whether temporary or 

permanent, requires those animals to use one or more of the 

following mechanisms: (1) evasion which includes 

aestivation, seasonal migration, nocturnality, etc.; (2) 

passive or tolerance mechanisms such as transepidermal water 

loss, differential permeability to water in the integument, 

color of the integument, water storage, body shape and 

size,and ectopic fat storage; and (3) active 

thermoregulation through physiological and behavioral 

mechanisms involving renal and extra-renal osmoregulation, 

specialized respiration, changes in metabolic rate and 

behavioral thermoregulation. 

For desert nesting birds (e.g., gray gull and ostrich) 

evasive tactics are of little or no importance. Instead they 

rely on behavioral and physiological mechanisms, which are 

costly in terms of time, energy and water, to successfully 

reproduce in the desert. Studies by Grant (1982), Howell et 

al.(1974), Bartholomew and Dawson (1979), Ar et al.(1974), 

Morgan et al.(1978), Paganelli et al.(1978), Rahn and Ar 

(1974), Rahn and Dawson (1979), Ar and Rahn (1980), Bennett 

and Dawson (1979), Boswall and Barret (1978), Chappell et 
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al.(1984), Dawson et al.(1976), and Howell (1979), have 

described how several avian species have adapted 

physiologically and behavioraly to environmental conditions. 

These studies have focused on three major areas: (1) 

capacity of egg shells to conduct gases for embryo 

metabolism, which necessarily involves water loss; (2) 

feeding and care of young which is more expensive in 

deserts, because young must be reared to a greater stage of 

maturity to survive when they leave the desert; and (3) 

thermal tolerance and behavioral accommodations. 

An additional constraint to desert reproduction is 

fulfilling energy requirements for egg production, 

incubation, and offspring feeding/attendance in environments 

where food and water resources are scarce. For that reason, 

whether productivity is predictable or unpredictable, 

seasonal or opportunistic reproduction should be 

synchronized in accordance to key environmental cues such as 

photoperiod, rainfall and/or dietary protein (Louw and Seely 

1982). Maclean (1974) reported that reproduction from 

different cues enhances survivorship of both adult and 

offspring in the Namib Desert and emphasized that 

"simplistic analyses of the breeding biology of desert birds 

are not realistic, and consideration of the total ecology of 

the organism in question is more appropriate." Thus, 

understanding reproductive phenomena requires studying a 
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whole spectrum of relevant physiological, behavioral and 

other cyclic biological characters (e.g., molting, 

migration, energy storage, nest construction, courtship, 

incubation, breeding). 

A key to reproductive success and survival under desert 

conditions requires development of an appropriate 

time/energy allocation on both an annual and daily basis. As 

Pianka (1978) argues, each organism has a finite amount of 

energy available to solve basic requirements for somatic 

maintenance and reproduction. Therefore, a characteristic 

series of life-history trade-offs should develop as adaptive 

responses to the spatial and/or temporal dispersion of 

material and energy resources. Moreover, in a desert 

environment with limited resources and costly regulation of 

homeostasis, the trade-offs should be quite severe. That is 

especially true for gray gulls which not only nest under 

harsh desert conditions, but must fly great distances for 

food. Thus L. modestus is an excellent species with which to 

study trade-offs and demographic consequences of time/energy 

allocation to somatic maintenance (homeostasis) and 

reproduction within the context of life history and foraging 

theories. 

Additionally, within the study area (Figure 3), there 

are two clearly separated breeding groups or demes of gray 

gulls which provide an opportunity to study relations 
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between environmental factors and reproductive parameters in 

the same species. The most important bio-ecological 

correlates differentiating the demes are summarized in Table 

1. 

TABLE 1 

Bio-ecological correlates of beach habitat type and 
nesting site location in two breeding demes of gray gulls 
Larus modestus in northern Chile: Sandy-beach population 
(Mejillones) and Rocky-beach population (Antofagasta). 

Breeding demes 

Mejillones Antofagasta 

Beach habitat type 
Diet 
Feeding territ. 
Intrasp. comp. 
Intersp. comp. 

Nesting site location 
Distance inland 
Foraging flights 
Time of forag.fl. 
Predation: 

Eggs 
Nestlings 
Chicks 
Adults 

Sandy 
Sandcrabs > >fish 
Strong 
Strong 
moderate 

25-35 Km 
50-70 km 
1-2 h 

Intense 
Moderate 
Moderate 
moderate 

Rocky 
fish> >sandcrabs 
absent 
absent 
absent 

90-100 Km 
180-200 Km 
2-4 h 

absent 
absent 
absent 
absent 
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Figure 3. Map of the study area in the coast and inner 

desert of the Atacama. 
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Specific objectives of the present study are to 

describe and compare with other desert and non-desert 

nesting birds, including sympatric congeners (L. 

dominicanus, L. belcheri), those life history, behavioral, 

physiological and morphological traits which permit L. 

modestus to nest successfully in the driest and most barren 

desert of the world, and to test the following hypotheses 

within the theoretical context of adaptation by natural 

selection. 

Hypothesis 1 - As suggested by Goodall et al. (1945) and 

Howell et al. (1974), among others, reproduction in the 

Atacama Desert should be energetically very expensive due to 

the harsh environment and the distances of the foraging 

flights. Thus, I hypothesize that reproduction in gray gulls 

should be seasonal and strongly correlated with high food 

availability and low interspecific competition with species 

having similar feeding habits (e.g., kelp and band-tailed 

gulls). 

Hypothesis 2 - When the breeding season is over, fledglings 

congregate in the coastal foraging areas together with other 

species of gulls and marine birds, which having just bred 

there, are in high numbers. Therefore, because of resultant 

increased intraspecific and interspecific competition on the 

coast and concomitant decline in fish production during the 

fall-winter, I hypothesize that once the breeding season 



16 

ends, gray gulls should migrate extending their 

distribution, decreasing their density and consequently 

avoiding competition. 

Hypothesis 3 - If gray gulls are resource limited by their 

high energy demands for thermoregulation in the desert and 

foraging flights, all of the principal energy demanding 

activities such as molting, gonad maturation, fat deposition 

and courtship should be tightly coordinated with very little 

overlap so as to minimize trade-offs in energy allocation. 

Hypothesis 4 - As an extension of Hypothesis 3, I 

hypothesize that the heavy nutrient/energy demands of desert 

nesting should cause gray gulls to coincide their 

reproduction with peak marine productivity in the coastal 

waters adjacent to the Atacama nesting sites. 

Hypothesis 5 - Furthermore, I hypothesize that during years 

of abnormaly low marine productivity such as occurs during 

El Nino-Southern Oscillation (ENSO) gray gulls, which are 

long lived, should employ a " bet hedging " tactic (see 

Stearns 1976) and reduce or stop reproduction, concomitantly 

altering various physiological and behavioral activities 

including molting, lipid deposition, gonad development and 

courtship. 

Hypothesis 6- - I hypothesize that adult gulls should 

minimize energy expenditure of foraging flights and maximize 

energy from foraging by scheduling them at times when the 
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wind velocity and direction are most favorable and when 

daily food availability on the coast is highest. 

Hypothesis 7 - Because of the extremely wide diel thermal 

amplitude (2.5 to 38.0 C air temperature; Howell et al. 

1974. 2 - 61 C surface temperature; this study) faced by 

gray gulls during their desert nesting, I hypothesize that 

they should exhibit a wider thermoneutral zone than species 

of birds inhabiting less severe environments. 

Hypothesis 8.- According to Dawson and Bennett (1973) desert 

homeotherms should profit by a relatively low standard 

metabolic rate (SMR is synonymous with basal metabolic rate, 

King 1974; see also Dawson and Bennett 1973) because of 

concomitantly low food requirements and ratess of evaporative 

water loss which reduce caloric demand. Consequently, I 

hypothesize that because gray gull adults while attending 

eggs and chicks are exposed to high temperatures, which 

added to the costs of foraging flights, distance and 

opportunity to recover water and energy expended (one daily 

trip), should have a lower SMR than other species of similar 

sized birds. 

Hypothesis 9 - By similar reasoning, I hypothesize that gray 

gulls should have a relatively high capacity to endure heat 

load or hyperthermia relative to other marine birds. 

Hypothesis 10 - Bartholomew and Dawson (1979) calculated a 

thermoregulatory index (TI) for a Heermann's gull colony 
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nesting in a harsh environment at Isla Raza, Baja 

California. The TI was calculated based on behavioral 

patterns of the gulls under natural conditions. They were 

able to establish a significant positive correlation between 

TI and ambient temperatures, especially substrate 

temperature. Thus, I hypothesize that if a similar TI were 

calculated for gray gulls, it should be significantly lower 

than those of sympatric gulls which nest in the coast (e.g. 

band-tailed gull) at increasing temperatures above their 

respective thermoneutral zones. 

Hypothesis 11 - Nesting site selection and nest construction 

are highly diverse among birds, but all must meet basic 

needs of eggs and young for security, regulation of 

temperature, moisture, and at the same time must be located 

close to food and water sources (Collias and Collias 1984). 

In general, gulls build open nests on the ground, with 

different amounts of positioned material (feathers, algae, 

etc.) to protect the eggs and chicks. Heermann's gull, which 

most closely resembles gray gulls (Howell et al. 1974; pers. 

obs.), also nests in a harsh desert environment but builds 

nests with twigs and dry vegetation (Bartholomew and Dawson 

1979), unavailable to gray gulls. In contrast, gray gull 

nests contain only sandy material and small pebbles. There 

are two principal types. One is a simple scrape in the 

desert substrate, usually in open exposed areas (Goodall et 
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al. 1945, Howell et al. 1974, Guerra and Cikutovic 1983a). 

The second, immediately adjacent to the side of small rocks 

or walls of shallow dry channels consists of a scrape 

surrounded by accumulations of dry guano (feces and uric 

acid excretions). Since chicks and adults differ in body 

size they should have different thermoregulatory 

requirements. Thus, I hypothesize that the two types of 

nests should have different microclimatic features which 

make them differentially more profitable for 

thermoregulation by adults and chicks respectively. Nest 

scrapes in open ground should be used by adults while 

incubating and those scrapes next to rocks or channels 

should be used by chicks during the day and part of the 

night when their parents are foraging on the coast. 

Hypothesis 12 - From a list of clutch sizes of 23 species of 

Larus given by Rahn et al. (1984), 17 (74%) have three eggs, 

and only two (9%) L. furcatus and L. brevirostris, have one 

egg. It has been suggested that reduced clutch size in 

birds which feed in areas far from their breeding sites, 

like L. furcatus, an off-shore feeder (Lack 1968), and some 

Procellariiformes (Ricklefs 1973), is an adaptive response 

to the difficulty in obtaining food for their chicks. A 

similar pattern was found in sooty terns, which lay only one 

egg and fly 700 miles for food (Ashmole and Ashmole 1967, 

cited in: Ellis 1984). Howell et al. (1974) reported that 
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52 percent of the 184 attended nests examined at 'Colupo' 

nesting colony (Figure 3) of gray gulls had two eggs, 47 

percent one egg and 1 percent three eggs (mean= 1.55), they 

further stated that L. modestus seems to be evolving from a 

presumably ancestral three-egg-clutch toward a minimum of a 

single egg. The reduction of clutch size in gray gulls like 

L. furcatus seems related to their long distance flights for 

food, as suggested by Lack (1967). If distance from nesting 

grounds to foraging areas were the main cause of clutch size 

reduction in gray gulls, then the two demes which nest at 

different distances from the coast, but under similar 

meteorological conditions, should exhibit different clutch 

sizes. Thus, I hypothesize that the clutch size of the 

colony nesting at 'Cerro Negro* (100 km from the coast at 

Antofagasta) should be smaller than the colonies nesting at 

25-30 km from the coast at Mejillones. If these assumptions 

are not so, the trade-offs of the foraging flight 

differences should be paid in some other aspcsct of their 

life history. As a corollary to Hypothesis 5, clutch size 

may be a function of food availability, and gray gulls 

should be expected to vary clutch size from zero to one to 

two depending on marine productivity. 

Hypothesis 13 - In the Atacama, lowest water-vapor pressure 

of air coincides with the hottest time of day (1200 - 1600 

h) (Guerra and Cikutovic 1983a; pers. obser.). At that 
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time, while incubating gray gulls stand, probably for 

self-thermoregulation and shade their eggs (Howell et al. 

1974; pers. obser.), their eggs are exposed to dry air for 

several hours and consequently should suffer increased water 

loss. To reduce water loss (15-18% of initial egg weight 

before hatching in most species) from the egg under the 

severe conditions of the Atacama, shell gas conductance (mg 

day-1 torr-i ) of gray gull eggs should be lower than 

expected values for eggs from other birds of similar size. 

Based on the power function model of Ar et al. (1974), 

developed from eggs of 29 bird species nesting over a wide 

meteorological range, the gas conductance of the shell for 

gray gulls should be 9.98 mg day-i torr-* . However, I 

hypothesize that the real value should be significantly 

lower than that. 

Hypothesis 14 - Since adults make only one daily foraging 

flight for their chicks and there is a limited amount of 

food that they can carry, I hypothesize that the growth rate 

of gray gull chicks should be lower than those of other 

semi-precocial species which are fed more frequently by 

their parents. 

Hypothesis 15 - Since the large nesting colonies at Colupo 

and Valenzuela I (and others; Figure 3) close to the coast 

have been abandoned (Devillers and Terschuren 1976; Pers. 

obser.) and predators in these areas are numerous (Howell et 
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al, 1974; pers. obsex. ) f I hypothesize that gxay gulls axe 

evolving towaxd a nesting stxategy which involves moxe 

dispexsed colonies at a gxeatex distance inland. 



CHAPTER II 

THE STUDY AREA 

The overall study area includes part of the Atacama inner 

desert between 22° 00' and 24° 00' S lat and the coast 

between Punta Paquica (21» 54' S lat) to the north of 

Tocopilla (22° 05' S lat) and Punta Coloso (23° 47' S lat) 

ca. 12 Km south of Antofagasta (Figure 3). The coast between 

Mejillones (23° 05* S lat) and Punta Huaque (22° 41* S lat) 

consists mainly of sandy beaches; elsewhere the beaches are 

predominantly rocky. The two principal populations addressed 

in this study are located on the sandy beaches at Mejillones 

and rocky beaches at Antofagasta. These are effectively 

separated by the Mejillones Peninsula (Figure 3), a 27 X 

50-km natural geographical barrier for breeding gulls from 

Mejillones and Antofagasta during the breeding season. 

The coastal waters of northern Chile-southern Peru are 

highly productive due to the nutrient-rich upwelling system 

and cold Humboldt current. High densities of anchovies 

Engraulis ringens, and sardines, Sardinops sagax, exist in 

these waters, supporting numerous predator populations of 

large fish, cetaceans, pinnipeds and seabirds. The 

vertebrate community of the area, besides fish, is composed 

among others, by rorcual whales, several species of 

23 
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delphinids "of which the commonest is the dusky dolphin 

Lagenorhynchus obscurus, pinnipeds such as sea lions Otaria 

flavescens, fur seals Arctocephalus australis, marine 

carnivores such as sea otters Lutra felina, and birds like 

brown pelicans Pelecanus occidentalis, boobies Sula 

variegata, several species of cormorants Phalacrocorax spp, 

kelp gulls Larus dominicanus, band-tailed gulls Larus 

belcheri, summer visitor franklin's gull Larus pipixcan, 

sanderlings Calidris alba, and several species of plovers 

and terns, among the most conspicuous. 

Several fish meal industries operate in the area. The 

most important concentration of fishing vessels and 

commercial plants are in Mejillones, where the by-products 

are discharged into the sea, producing an additional food 

source for birds, especially gulls. Among the principal 

food sources for gray gulls in the Mejillones area are sand 

crabs Emerita analoga which inhabit the intertidal zone and 

are available during both high and low tides for sanderlings 

Calidris alba and oyster catchers Haematopus palliatus as 

well as gray gulls. In the Antofagasta area sand crabs are 

not abundant because of the scarcity of sandy beaches. 

However, the intertidal ascidian Fyura praeputialis which is 

indigenous to Antofagasta represents a food source for all 

sympatric species of gulls after their shells are opened by 

people who take part of the ascidian, leaving most of the 

body available for gulls. 



25 

The typical west-east geographical profile of the 

study area (Figure 4) consists of a 1-10-km wide littoral 

platform, the coastal mountain chain of 600-1500 m, the 

inner desert named 'Nitrate Pampas' is the driest area, the 

Domeyko mountain chain which reaches altitudes up to 3000 m, 

and finally the Andes or 'Puna zone' at altitudes ranging 

from 3500 to 6000 m. 

Most of the studies on nesting gulls, chicks and 

desert meteorological conditions were conducted in the 

vicinity of Cerro Negro Mountain ca. 100 Km from the coast 

of Antofagasta (Figure 5). The area is characterized by 

sandy and rocky substrates, streaked by dry channels from 

alluvial fans. Nesting sites occur on the piedmont alluvial 

slopes of Cerro Negro. The Colupo-Kimurku area (Figure 3) 

has similar geographical characteristics as the Cerro Negro 

area. 
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Figure 4. Topographical transect through the study area in 

northern Chile from the Pacific coast to the Andean 

Mountains. 
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Figure 5. Aerial photograph of the Cerro Negro area 

located ca. 100 km east of Antofagasta, Chile (23° 41' S 

lat) in the Atacama desert where gray gulls Larus modestus 

nesting sites (A,B,C and D) exist. Altitude from sea level 

are indicated. 
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CHAPTER III 

MATERIAL AND METHODS 

The study reported herein was conducted between 1980 and 

1987 on two gray gull demes which occupy the sandy beaches 

at Mejillones and the rocky beaches at Antofagasta, and 

nest, respectively 25-35 km inland at a series of sites 

paralleling the coast, and 90-100 km at Cerro Negro (see 

Figure 3). Some comparative observations and data on 

Heermann's gull (L. heermanni), an ecological equivalent of 

gray gulls, were taken on the coast of southern California 

and made from study skins at the Los Angeles County Museum 

of Natural History. Though free-ranging gray gulls were 

censused annually from 1983 to 1986 between Tocopilla and 

Antofagasta, and the desert was surveyed several times each 

year, coastal studies were concentrated at Mejillones and 

Antofagasta, and desert studies at Colupo, Kimurku, 

Valenzuela I and Cerro Negro (Figure 3). Desert surveys and 

studies involved using 4WD jeeps and pick-up trucks, 

motorcycle, and once, in 1984, a helicopter was used to make 

an extensive survey of the Atacama. Coastal surveys and 

censuses were made on foot, and from vehicles, out-board 

motor boats and fishing boats. 

30 
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Experimental studies and most analyses were conducted 

in laboratories and an outdoor aviary located at the 

Instituto de Investigaciones Oceanologicas of the 

Universidad de Antofagasta. Calorimetric analyses of 

biological materials and data analyses were made in the 

Department of Biological Sciences and with the facilities of 

the Computer Center, respectively, at North Texas State 

University. 

Specific materials and methodology used in the overall 

study to describe the biology and ecology of L modestus are 

grouped in Table 2 according to their use in testing the 

hypotheses. 

TABLE 2 

Correspondence between methods and hypotheses for the study 
of .life history traits in the gray gull, Larus modes tus 

METHODS HYPOTHESES 

1.0 Collection and census 1. Seasonality of reproduction 
techniques: 

1.1 Autopsy protocol 2. Geographic distributional 
changes 

1.2 Banding and marking 3. Schedule of cycles 
techniques 

1.3 Censuses 4. Reproduction 
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1.4 Behavioral observations 5. Effect of El Nino 

2.0 Coast and desert 
observations. 

6. Schedule of foraging flights 

3.0 Respirometry 
techniques 

7. Width of thermoneutral zone 
8. Standard metabolic Rate 
9. Hyperthermia 

4.0 Thermoregulatory 
experiments. 

10. Thermoregulatory index 

5.0 Macro/micro 
meteorological 
measurements: 

5.1 Measurements of 
general conditions 

5.2 Microhabitats 

11. Incubation scrapes and 
chick refuges 

6.0 Nest/egg measures 
for clutch size 
determination. 

12. Clutch size reduction 

7.0 Water vapor 13. Low egg-shell conductance 
conductance measurement 

8.0 Growth rate measurement 14. Low growth rate of chicks 

9.0 Net metabolizable 
efficiency 

Complement several hypotheses 
and give basis for some of the 
discussion 
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Collection and Census Techniques 

Autopsy Protocol 

Adult gulls (n=380) of both sexes were collected monthly 

or seasonally between 1979 and 1986 from the rocky beaches 

near Antofagasta and from the sandy beaches near Mejillones. 

Adults are easily distinguished in the field throughout the 

year from recruits and 1-2-y-old juveniles by their 

respective plumages. Gulls were weighed to the nearest g 

immediately after capture in the field with either a digital 

Ohaus electronic portable balance or a 500-g Pesola scale. 

Ovaries and testes were removed within 1 h after capture, 

fixed in alcoholic Bouin and weighed to the nearest mg at 

the University of Antofagasta (UDA) laboratories with a 

Sartorius analytical balance. Morphometric measurements 

were made with dial calipers and metric tapes to the nearest 

mm. The standard ornithological measurements were: total 

length, wing length, culmen length, tail length, tarsus 

length (external tarsus measurement), total weight and gonad 

weight. 

Beginning 1983, the following measurements were 

included: liver wet and dry weight, subcutaneus fat weight 

(wet and dry), abdominal fat weight (wet and dry) and 

stomach contents. Subcutaneus fat bodies were dissected 

from only the left half of each gull using a constant effort 

for all. All abdominal fat bodies were removed. Liver and 
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fat bodies were weighed with a Sartorius analytical balance, 

and oven-dried at oven at 60 C to a constant weight. Energy 

density (KJ g - 1 ) of biological materials was determined in 

a phillipson Microbomb Calorimeter. Stomach contents of 

specimens were collected in a vial containing 90° alcohol. 

To quantify reproductive condition of adults, a gonadal 

somatic index (GSI= gonad wet weight (g)/wing length (mm)) 

was calculated for adult males and females. Wing length was 

used because it is the most consistent morphometric 

character in gray gulls. A body condition index (BCI= total 

weight (g) / wing length (mm)) was calculated for adult 

gulls to compare gulls between years with different food 

availability (e.g. before/after ENSO). 

Molting stage of each specimen was recorded. Primary 

feathers were numbered (1 to 10) from the distal end of the 

wing to the angle where secondary feathers begin . 

Secondaries were numbered (1 to 16) from that angle to the 

proximal end of the wing regardless of the place where the 

feathers were inserted. Primaries and secondaries were 

classified as molting, all old, or all new. If molting, each 

growing and numbered feather received an approximate 

fractional value from its expected total length (i.e. 1/4, 

1/2, 3/4,...,total length). Since wing molting is crucial 

for birds, I measured the molting rate of primaries in six 

gulls confined in the aviary. To do this, a molting score 
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(MS) (Payne 1969) was calculated for each gull between 

February and April 1985. Each of the 10 primaries per wing 

are scored 0 - 1 0 depending on its state of molt. An old 

non-molting primary is scored 0, a completely grown newly 

molted feather 10 and those growing are scored between 0 and 

10 (i.e. if it was recorded as 1/2 it was scored as 5.0). 

Therefore the wing (or gull) completely molted is scored 

100, and depending on the numbers of primaries already 

molted and those growing, the score may range from 0 to 100. 

For analyses of time to molt wing feathers only primaries 

were considered. The head, back, breast and tail were 

checked for growing feathers and recorded according to 

abundance of growing feathers (pin and brush stages) 

observed as abundant, few or without. Color of the head was 

recorded as white, gray, molting from white to gray, or 

molting from gray to white. 

Banding and Marking Techniques 

A total of 250 individuals were captured alive on the 

Mejillones beaches by cannon-netting (Modified Miller Canon 

and Waterfowl P-D type 57'X 43* net) or mist-netting. Of 

those, 161 were marked with a red flag in the tibia-perone 

section of the leg. The remainder were banded with a 

numbered metal band (Model 1242-M, size 10, Nat. Band & Tag 

Co. Kentucky USA) and/or a combination of colored plastic 

bands. The colored flags and plastic bands allowed for 
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identification of individuals belonging to sandy beach 

population during and after the breeding season in order to 

observe summer home range and fall/winter dispersion. 

Censuses 

From 1984, annual and seasonal censuses were made on the 

coast from Tocopilla to the rocky-beaches near Antofagasta. 

During spring and summer (September to February) when 

adult's heads have molted to white, juveniles, fledglings 

and adults were counted separately. Censuses, which 

involved direct counts of gray gulls on land, flying or 

floating up to a distance of ca. 400 m from the shore, were 

made principally from vehicles with the aid of 7 X 35, 10 X 

35 binoculars, a 60X zoom telescope and tally meters. Kelp 

and band-tailed Gulls were included in the censuses during 

1986. On the rocky beaches of Antofagasta, censuses 

principally involved walking from Coloso Point (23° 47' S 

lat) to the northern boundary of the city (ca. 24 Km of 

coast line) during 1000 to 1500 h. Annual censuses from 

Tocopilla to Mejillones were made by surveying ca. 200 Km of 

coast line by vehicle, boat or motorcycle, depending upon 

the accessibility of the area being censused. Objectives of 

the censuses were to quantify population densities among 

years and seasons, to compare fluctuations among sympatric 

congeneric populations and when possible, to determine 

population age structure, especially at the end of breeding 

season when fledglings arrive at the beaches. 
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Behavioral Observations 

Weekly surveys on beaches during spring and summer 

1985-86 (and occasional observations between 1982 and 1984) 

were made to follow major behavioral changes of flocks (e.g. 

initiation/ending of courtships, copulation, territoriality, 

feeding behavior) and other events such as arrival of 

fledlings, and molting of wing and head feathers. Several 

observations were made to describe the principal courtship 

displays, time and behavioral postures during copulation. 

Observations of Foraging Flights 

To determine when gray gulls initiate flights to their 

Atacama nesting sites, I conducted daily observations from 

the 110 campus during 1986 to augment occassional 

observations between 1982-1986. Each day before gray gulls 

fly to the desert, they congregate offshore across from 110, 

forming increasingly larger flocks which spiral to altitudes 

of ca. 1000 m. First formation of these spiraling flocks 

signals commencement of desert migration. To determine 

foraging flights schedules, I recorded times when gulls flew 

eastward toward the desert and on the beaches in the 

mornings when they arrived from the desert. Since both 

departure and return occur during the dark, my observations 

were auditory. To time foraging flights and returns to the 

desert required coordinated observations on the coast and at 

the desert nesting sites. 
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Respirometric Techniques 

To test hypotheses that gray gulls should have a 

relatively wide thermoneutral zone, lower SMR and higher 

tolerance of hyperthermia, metabolic expenditure of gull 

hatchlings (n=3), fledglings (n=4) and inmature adults 

(n=16) was determined during January-March 1987 at different 

ambient temperatures (ta =5-40 C) by measuring mass specific 

02 consumption (V02 ) using an Applied Electrochemistry 

S-3A Oxygen Analizer (OA) connected to a flow-through 

metabolic chamber (MC) (Figure 6). MC (1 in Figure 6), 

constructed of 8-mm steel plate, is a 34.6 x 24.8 x 13.8-cm 

box with a lateral 12.4 x 7.1-cm acrylic window for viewing 

experimental gulls and a 12 cm closeable circular port 

through which gulls are passed. The interior is painted 

black following specifications of Dawson et al. (1976). 

During respirometry the MC is held in an acrylic water bath 

whose temperature is controlled with a Precision Scientific 

500 W heater and a refrigerator cooling unit. Temperature of 

the bath and MC are monitored with a YSI 12-channel 

telethermometer. Water vapor in the MC produced by the 

experimental gull is removed from the air by recirculating 

it through a chamber (3 in Figure 6) containing 100 g 

Drierite to avoid changes in relative 02 /H20 concentrations 

resulting from H20 build-up. Air leaving the MC passes 

through a glass tube of Drierite (5 in Figure 6) to remove 
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water vapor before entering the OA, where the 02 

concentration is measured, displayed digitally on the OA 

panel and recorded continuously with a YSI two channel graph 

recorder (GR). The flow rate, controlled by a flow meter 

(FM) is adjusted according to the experimental gull's size 

and ta to enable precise measurements of changes in 02 as 

it passes through the MC. To obtain a relative value of 

evaporative cooling (water loss) of the gulls while 

measuring the V02 , all Drierite containers were weighed 

prior to and after each V02 determination trial (similar to 

the gravimetric method suggested by Dawson and Bennett 

1973). All Drierite was oven-dried for 24 h at 100 C 

before each trial. Initial 02 concentration is determined 

by drawing in ambient air directly through the two way valve 

(6 in Figure 6). V02 is calculated following Tucker (1972) 

from flow rate and change in 02 concentration as air passes 

through the MC according to the following equation: 

fr ( 0.2090 - OA/lOO ) 
V02 / Mb = 

Mb 

where V02 = ml of oxygen g _ 1 h-* 

fr = air flow rate in ml min-1 
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Figure 6. Respiration system for measuring oxygen uptake 

(^02) in gray gulls Larus modestus: 1 Metabolic chamber, 2 

Water bath, 3 Air recirculating/drying unit (drierite), 4 

Two way air valve, 5 Glass tube of drierite, OA Oxygen 

analyzer, FM Flow meter, OAP Oxygen analyzer panel, GR Graph 

recorder, -*Air flow. 
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OA = percent 02 (from Oxygen Analizer) 

t = 6 0 rnin 

mb = body weight of gull in g 

All the values are corrected to STPD. An energy 

equivalent of 20 Kj 1-* 02 is used. 

A typical measurement involved placing a post-absorptive 

gull of known mass (nearest 0.1 g) in the MC at the desired 

temperature, 1 h prior to respirometry. All determinations 

were made between 0900 and 1800 h. After the final 

measurement, the gull's body temperature (tb ) was measured 

by introducing a YSI-connected thermistor probe 10 cm deep 

through the esophagus. 

Thermoregulatory Measurements 

Two experiments were conducted to test the hypothesis 

that gray gulls should have more efficient or less costly 

thermoregulatory behavior than sympatric gulls which nest on 

the coast, not in the interior desert. Both experiments 

involved qualitatively scoring thermoregulatory behaviors 

according to their relative expense in terms of energetics 

and/or water loss by modifying the basic scheme of 

Bartholomew and Dawson (1979). In the first experiment, 

only gray gulls held in the aviary were used. Fledglings 

and inmatures (n=16) were observed every 30 min between 0700 

and 2000 h on 5 and 8 February and 3 March 1987. An 

observation consisted of enumerating the number of gulls 
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performing a given thermoregulatory behavior (TRB) and 

recording the ground temperature with a YSI 12-channel 

telethermometer and thermistor probes. Bartholomew and 

Dawson (1979) suggested that ground temperature (tg) is the 

most apropriate single environmental parameter in studying 

thermoregulatory behavior of ground-dwelling birds. From 

the observations, a thermoregulatory index (TRI) is 

calculated for each tg as the sum of the TRB scores /-total 

number of gulls observed. Thermoregulatory costs increase 

with TRI. The six TRB parameters with their relative score 

in increasing cost are: 

1. sitting on ground, bill under scapulars for maximal 

heat retention since feet, legs and bill are unexposed 

(score= -1.0 for passive heat retention) 

2. sitting on ground with feet and leg unexposed 

(score= 0.0) 

3. standing on ground exposing feet, legs and bill 

(score= +0.5 for minimally active heat loss) 

4. Standing on rocks (provided in the aviary) to increase 

exposure to wind and convective heat loss (score = +1.0) 

5. gaping to expose mouth and respiratory mucosa for 

passive evaporative heat loss 

(score= +2.0 for cost in water loss) 

6. panting to increase evaporative cooling 

(score= +3.0 for cost in both water loss and energy 
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The second experiment involved observing TRBs of four 

gray gulls and four band-tailed gulls individually exposed 

to increasing ta (1.02 C min-i ; SD=0,05) in a heating 

chamber (Figure 7). The chamber allows isolated gulls to be 

exposed to increasing ta without being exposed to air 

currents, eliminating convection effects. Each experiments 

consisted of two observers viewing the gull from opposite 

sides every 2 min or ca. 2-C-ta increments (between 29 and 

45 C) and scoring the TRBs. The TRI for each species is 

calculated as the sum of individual scores / four. Since 

gulls were confined and unable to posturally thermoregulate, 

the following seven TRBs are scored costly in terms of 

energy and/or water loss: 

1. quiet and standing post 30 min in the chamber at 

room temperature (ca. 28 C) (score = 0.0) 

2. occasional gular movements (score = +0.5) 

3. defecating to lose water (score = +0.5) 

4. reorganizing feathers by elevation and movement to 

facilitate heat loss through radiation (score = +1.0) 

5. gaping for evaporative cooling (score = +1.0) 

6. salivating (licking) for evaporative cooling 

(score = +2.0) 

7. panting for active evaporative cooling (score = +3.0) 
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Figure 7. Wooden heating chamber (55 cm3 ) to study 

comparative thermoregulatory behavior among gulls: 1. 

door-viewer to observe the bird without disturbance; 2. 

blind, to deflect any air current and hide the small source 

of light that would come from the heater coil; 3, steel-wool 

panel to difuse heat and decrease air flow; 4. heater coil; 

5. fan; 6. holes for mixing recirculating and external air; 

7. recirculating air tube; 8. thermistor probe connected to 

a YSI telethermometer to measure chamber temperature; 9. 500 

W lamp to compensate heat loss through the chamber back 

wall. 
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Meteorological Measurements 

General Conditions 

(a) Coast - Daily maximal-minimal temperatures were 

recorded from 1 January 1986 to 31 March 1987. To 

characterize diel meteorological fluctuations, wind velocity 

and direction, air and soil temperature, and relative 

humidity were recorded for 15 h periods using a manual Anemo 

anemometer, a YSI 12 channel, telethermometer, thermistor 

probes and a Digi-sense psychrometer, respectively. 

Measurements were made at various locations on the coast 

near Antofagasta between November 1986 and January 1987. 

(b) Desert. - Daily fluctuations of the same variables were 

measured at the Cerro Negro nesting site every 1-2 h for 

24-30-h periods on 14-15 January 1982, 30-31 January 1983, 

4-5 February 1986, 18 July 1986, and 19-20 February 1987. In 

addition to the instruments mentioned above, a 

thermopsychrograph was used occasionally. 

Microhabitat Conditions 

To determine possible microhabitat advantages of the 

incubation nest scrapes and chick refuges next to rocks and 

along sides of small dry channels and to test hypothesis 11, 

24-h measurements of air and surface temperatures, relative 

humidity, wind velocity and direction were measured in and 

around the scrapes and refuges. Instruments used for the 



48 

determinations included a YSI 12 channel telethermometer 

with its termistor probes, a Digi-sense psychrometer and a 

Datametrics electronic anemometer, respectively. For the dry 

channel refuge, hourly measurements were taken from 0851 h 5 

February, 1986, to 0800 h the following day within the 

refuge and outside the channel immediately adjacent to it. 

On 19-20 February, 1987, an additional 24-h study was 

conducted in which surface temperatures were measured 

simultaneously and continuously with a YSI 12-channel 

telethermometer whose probes were placed on the surface (1) 

in nine places at a chick rock refuge site corresponding to 

eight cardinal points around the rock (N, NE, E, SE, S, SW, 

W, NW) and the rock surface, (2) within an empty incubation 

nest scrape, (3) in a dry channel chick refuge and (4) in 

the open desert. At each location, except the rock surface, 

air temperature and wind velocity were measured hourly. 

Wind direction was also recorded with each hourly 

observation. 

Nest and Egg Measures 

To determine if there are differences in clutch size and 

egg size between the two populations, 86 nests were surveyed 

at Cerro Negro and 52 at Colupo (B and C), Kimurku, 

Valenzuela I and El Tigre nesting sites (Figure 3) during 

the 84-85, 85-86 and 86-87 breeding seasons. Each nest was 

numbered and marked by painting a nearby rock, and the 
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number of eggs were recorded. Maximal egg diameter and 

length were measured with a dial caliper to the nearest mm 

and weight to the nearest g by placing the egg in a small, 

tared polyethylene bag suspended from a Pesola Scale. 

Water Vapor Conductance Measurements 

To test the hypothesis that water vapor conductance in 

gray gull eggs should be lower than related species, eight, 

two and three eggs were collected, respectively, from Cerro 

Negro, Kimurku and El Tigre nesting sites, during January 

and February 1986, and January 1987. Egg length, maximal 

diameter and weight were recorded in the field as described 

in 6.0. At the UDA laboratories, initial and successive 

daily weights of the eggs were measured with a Sartorius 

electronic balance to the nearest 0.01 g. Eggs were held in 

a Nalgene, 250-mm vacuum desiccator containing Drierite and 

connected to the external atmosphere through an air-flow 

desiccator tube filled with Drierite to allow for equal 

pressure inside and outside the chamber without increasing 

the relative humidity (see Ar et al. 1974). The system was 

maintained in a laboratory with low variation of ambient 

temperatures. During measurements in 1986, laboratory 

temperature was 25 C (± 1) and 26.5 C (± 1) during the 

measurements in 1987. Egg weight was recorded daily (during 

6-10 days). Weight loss in eggs is almost entirely due to 

water diffusion through the shell (Romanoff and Romanoff 
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1949, In: Ar et al. 1974). Therefore average daily weight 

loss of eggs was calculated and recorded as mean water loss 

rate (M-H20 = mg day-i ). 

Assuming that water vapor inside the egg is at 

saturation, then its value depends only on temperature. 

Therefore, egg water vapor pressure (P-H20) can be obtained 

from physical tables. Because Drierite absorbs all water 

vapor inside the chamber, it is possible to assume zero 

water vapor pressure (see Morgan et al. 1978). Thus, water 

vapor gradient ( AP-H20) between egg and chamber environment 

equals P-H20 of the egg. To be confident of the dryness of 

the chamber, Drierite was previously dried at 100 C for 24 h 

and checked for color changes every 3 days during 

experiments. 

With calculated values of M-H20 and water vapor gradient 

(A P-H20), it is possible to calculate water vapor 

conductance of the egg shell (G-H20) based on the equation 

of Ar et al. (1974) and Rahn and Ar (1974). 

M-H20 
G-H20 = 

AP-H20 
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Growth rate Measurements 

To determine if growth rate of gray gull chicks is lower 

than other gulls, during January 1986 24 individuals 

weighing 33 to 250 g were banded with numbered metal rings 

(see page 35 for description of rings) at the Cerro Negro 

nesting site; 12 chicks were released at their respective 

refuges and 12 were transported to the aviary at the IIO. 

All banded chicks were initially and subsequently weighed 

with 50, 100, 300 or 500 g Pesola scales, and their wing, 

bill, tarsus and total lengths measured to the nearest mm. 

The released, free-ranging individuals were recaptured and 

remeasured on 17, 19, 22 January and 4, 6 and 10 February 

1986. The recapture rate decreased rapidly when chicks 

reached fledgling stage and could fly short distances in the 

desert. Therefore, at that time only distant visual 

observations were possible. Chicks in the aviary were fed 

ad-libitum daily with fresh or previously frozen sardines 

(Sardinops sagax) or anchovies (Engraulis ringens). They 

were measured every 2-10 days until the age of 100 days. 

Since first-captured chicks were of different sizes, their 

ages were approximated by fitting their wing lengths to a 

wing length-age curve (see Ricklefs et al. 1980) which was 

obtained empirically when data were sufficient to cover 

completely the asymptotic wing growth. 
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Growth rate (K) based on body weight change was 

calculated following Ricklefs* (1967) growth curve-fitting 

method which determines the model (Logistic, Gompertz or 

Von-Bertalanffy) which best describes growth of chicks. 

Using the relation given by Ricklefs (1973), the K-logistic 

(KL) was transformed to a K-Gompertz (KG) value (KG = 0.68 

KL) which allows for comparisons of Ks among congeneric 

species from data given by Ricklefs (1973). 

Determinations of Net Metabolizable Efficiency 

The aviary located ca. 200 m from the shore enabled 

study of captive birds under similar meteorological 

conditions as those in the wild. The aviary is composed of 

three hexagonal cages, each with a surface area of 24.6 m2 

and a height of 3 m. Each cage has a 1 x 2 m water pool. A 

workspace connecting the cages has an additional area of 

12.3 m 2 . 

To determine NMEf of gulls feeding on fish and 

sandcrabs, two groups of three birds each, were fed known 

caloric quantities of cabinza (Isacia conceptionis) and 

sand-crabs (Emerita analoga) in the aviary. For that 

purpose, a 24.6-m2 cage was divided in two 12.3-m2 

compartments containing three birds each. The bottom of the 

cages was covered with polyethylene to facilitate recovering 

uneaten food, feces and regurgitated pellets. Birds were fed 

ad-libitum once a day for 10 days. One group was fed with a 
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fish diet while, the other with a sand-crab diet. The first 

feeding experiment was conducted during summer, 1984 

(December and February). Gulls were weighed before and after 

the experiment. Feces and pellets were weighed wet and dried 

to constant weight. Dry weight of consumed food was 

calculated by using a conversion factor obtained from 

replicates of the same food species and stock., weighed wet 

and dried in an oven at 60 C to constant weight (wet/dry 

weight ratio). Dry food, feces and pellet samples were 

ground with a Siemens grinder. And energy density determined 

with a Phillipson Microbomb Calorimeter. A similar 

experiment was conducted in fall (April) 1984, 

simultaneously with two groups of three gulls each. One 

group was fed with sand-crabs and the other was fed with 

sardines (Sardinops sagax). Net Metabolizable Efficiency 

was calculated as 

{(Kj Intake - Kj Feces - Kj Pellets) / Kj Intake} x 100 . 

Similar experiments were conducted in the aviary on 

February-March 1986 with 25 - 100-day-old chicks having body 

weights from 130 to 390 g. NMEf was measured by confining 

chicks (n=12) individually in wire mesh cages (50 x 37 x 31 

cm), constructed to facilitate feeding and quantitative 

collection of guano (feces + uric acid) for 5 days. During 

each day, experimental chicks were fed twice with a known 
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caloric diet of anchovies, and their guano collected at the 

end of 5 days. To avoid inclusion of guano derived from 

pre-experimental food, prior to placing the chicks into the 

cages they were fed an anchovi containing drops of Blue 

Dextran 2000. Only the produced after appearence of stained 

feces was included in the NMEf calculations. 



CHAPTER IV 

RESULTS 

Reproduction 

During normal years (i.e., those not influenced by El 

Nino-Southern Oscillation), seasonal fluctuations in GSI for 

both male and female gray gulls (Figures 8 and 9) suggest 

that gonadal (gametic) activity typically begins in spring, 

peaks in summer and drops in fall-winter. GSI vary 

significantly (Kruskall-Wallis p=0.0001 for both sexes) 

among seas.ons, with spring-summer values significantly 

different than fall-winter values for both sexes (Table 3). 

However, due to variability (Tables 4 and 5) differences in 

GSI are not significant between spring and summer, and fall 

and winter, respectively. 

55 
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TABLE 3 

Dunn's Nonparametric Multiple Range Test comparing 
Gonadosomatic Index (GSI) among season for male and female 
gray gulls Larus modestus during normal years. Seasons with 
a common underline are not significantly different 
(alpha=0.05). 

FEMALES 

GSI Spring Summer Fall Winter 

MALES 

GSI Spring Summer Fall Winter 
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Figure 8. Gonadal cycle (GSI= gonad wet weight mg/wing 

length mm) of male gray gulls Larus modestus in northern 

Chile. 

Mid point= Mean; Closed bar= ± 1 SE; Vertical line= range; 

Number= sample size. Spring® Sep.-Nov.; Summer® Dec.-Feb.; 

Fall= Mar.-May.; Winter® Jun.-Aug. 
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Figure 9. Gonadal cycle (GSI=gonad wet weight mg/wing 

length mm) of female gray gulls Larus modestus in northern 

Chile. Symbols same as in Figure 8. 
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TABLE 4 

Gonadosomatic Index (GSI=gonad wet weight mg/wing length nan) 
for male gray gulls Larus modestus in northern Chile. 

Year Season N X SD Min Max 

1979-80 SP 1 3.742 
SU 6 2.295 0.516 1.472 2.997 
FA 20 0.421 0.785 0.053 3.697 
WI 13 0.255 0.206 0.047 0.697 

1980-81 SP 16 0.985 0.691 0.239 2.393 1980-81 
SU 10 2.426 1.414 1.367 6.271 
FA 6 0.369 0.150 0.181 0.553 

1982-83 SP 5 0.582 0.504 0.110 1.277 
SU 2 0.075 0.012 0.066 0.084 

, FA 1 0.085 

1983-84 SP 1 0.117 
SU 6 0.126 0.023 0.099 0.153 
FA 4 0.079 0.037 0.039 0.129 
WI 5 0.204 0.112 0.105 0.385 

1984-85 SP 6 2.414 1.937 0.048 4.865 
FA 4 0.069 0.029 0.030 0.098 
WI 1 0.106 

1985-86 SP 1 0.904 
FA 2 0.153 0.077 0.099 0.208 
WI 6 0.215 0.077 0.140 0.329 

1986-87 SP 6 1.979 1.267 0.0302 3.806 

SP=spring (Sep.Oct.Nov.) 
FA=fall (Mar.Apr.May ) 

SU=summer (Dec.Jan.Feb.) 
WI=winter (Jun.Jul.Aug.) 
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TABLE 5 

Gonadosomatic Index (GSI=gonad wet weight mg/wing length mm) 
of female gray gulls Larus modestus in northern Chile. 

Year Season N X SD Min Max 

1979-80 SP 3 2.539 0.584 2.159 3.212 
SU 7 5.888 4.516 1.757 14.109 
FA 15 0.531 0.226 0.200 0.889 
WI 16 0.774 0.356 0.391 1.629 

1980-81 SP 15 1.557 1.296 0.733 6.108 

1981-82 SP 1 3.049 

1982-83 SP 4 0.702 0.372 0.313 1.114 
WI 2 0.361 0.056 0.321 0.400 

1983-84 SP 3 0.684 0.529 0.223 1.262 
SU 5 0.320 0.081 0.210 0.397 
FA 5 0.325 0.053 0.256 0.376 
WI 7 0.575 0.295 0.123 0.942 

1984-85 SP 8 1.396 0.757 0.703 2.582 
SU 4 9.741 8.305 1.795 17.345 
FA 4 0.436 0.160 0.291 0.663 
WI 2 0.254 0.037 0.227 0.280 

1985-86 FA 1 0.543 
WI 5 0.768 0.238 0.490 1.093 

1986-87 SP 9 2.123 1.658 0.705 5.636 

SP=spring (Sep 
FA=fall (Mar 

i.Oct 
.Apr 

.Nov.) 

.May ) 
SU=summer (Dec, 
WI=winter (Jun 

.Jan.Feb.) 
,Jul.Aug.) 
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Lipids 

Lipid storage in gray gulls during normal years, 

measured as fat body weight (FBW = subcutaneous + abdominal 

fat weight), is highest in males during spring 1984-85 

(X=9862.8 nig; SD=6801.8; n=6) and 1986-87 (X==6665.0 mg; 

SD=5758.8; n=6) (Table 6), and for females in spring 1984-85 

(£=9636.7 mg; SD=5886.2; n=4) and 1986-87 (X=5292.2; 

SD=4376.4; n=9) (Figures 10 and 11). Lowest lipid storage 

occurs for both sexes during fall (X=846.2 mg; SD=823; n=4 

and X=3412.7; SD=2159.0; n=4, respectively for males and 

females). Though significant differences in FBW among 

seasons is found for males but not females, there are no 

significant seasonal differences between sexes. Therefore, 

FBW data were pooled by sexes and retested, showing 

significance between fall and spring (Table 7). 

To determine possible seasonal changes in lipid levels 

in liver, liver dry weights were taken during 1984-87 (Table 

8). However, though liver dry-weight fluctuates between 3488 

mg in winter 1984-85 and 4700 mg in summer of the same year 

for males and from 3785 mg in fall 1985-86 to 4920 mg in 

spring 1986-87 in females, there are no significant 

differences between sexes or seasons with pooled male-female 

data (Table 9). 
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Figure 10. Seasonal variation in fat body weight (X ± 1 SE) 

in male gray gulls Larus modestus during 1983-85. Sample 

size given above each bar. 
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Figure 11. Seasonal variation in fat body weight (X ± 1 SE) 

in female gray gulls Larus modestus during 1983-87. Sample 

size given above each bar. 
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TABLE 6 

Descriptive statistics of fat body weight (mg) in gray gulls 
Larus modestus by year and season. 

Year Season N X SD 

MALES 

1983-84 Summer 4 3044.0 1288.3 
Fall 4 7977.2 6549.9 
Winter 5 4430.8 3444.1 

1984-85 Spring 6 9862.8 6801.8 
Fall 4 846.2 823.3 
Winter 2 5529.0 267.3 

1985-86 Winter 6 4151.7 3049.9 

1986-87 Spring 6 6665.0 5758.8 

FEMALES 

1983-84 Summer 4 1265.5 905.5 
Fall 7 5853.0 3539.7 
Winter 7 6303.8 2064.4 

1984-85 Spring 4 9636.7 5886.2 
Summer 6 4013.2 4250.8 
Fall 4 3412.7 2159.1 
Winter 5 4418.2 1107.6 

1985-86 Winter 5 3229.8 838.8 

1986-87 Spring 9 5292.2 4376.4 
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TABLE 7 

Summary of statistical analyses of fat body weight in gray 
gulls Larus modestus during normal years (excluding 
1983-84). Duncan's multiple range comparisons were tested 
with alpha=0.05. Seasons underlined ate not significantly 
different. 

Tested hypothesis Test p S/NS Duncan 

No difference on FBW among seasons. 

(1) Males ANOVA 0.0227 S SP WI FA 

(2) Females ANOVA 0.2471 NS 

No difference on FBW between males and females, by season: 

(1) Spring T test 0.4780 NS 
(2) Summer 
(3) Fall T test 0.0611 NS 
(4) Winter T test 0.5200 NS 

No difference on FBW among seasons: 

(1) Pooled 
male/females ANOVA 0.0064 S SP SU WI FA 
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TABLE 8 

Descriptive statistics of liver dry weight (g) in gray gulls 
Larus modestus by year and season. 

Year Season N X SD 

MALES 

1983-84 Spring 3 3.300 0.173 
Summer 5 4.060 0.297 
Fall 7 3.681 0.599 
Winter 7 3.400 0.700 

1984-85 Spring 9 4.440 0.529 
Summer 6 4.700 0.892 
Fall 4 4.700 0.408 
Winter 5 3.488 0.840 

1985-86 Winter 5 4.526 0.585 

FEMALES 

1983-84 Spring 2 4.300 0.424 
Summer 5 4.634 0.832 
Fall 4 4.577 0.765 
Winter 5 4.186 0.159 

1984-85 Spring 6 4.350 0.476 
Fall 4 3.975 0.550 
Winter 2 4.115 0.728 

1985-86 Fall 2 3.785 0.205 
Winter 6 4.143 0.867 

1986-87 Spring 6 4.920 1.094 
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TABLE 9 

Summary of statistical analyses of liver dry weight in gray 
qulls Larus modestus during normal years (excluding 
i983-84lT 

Tested Hypothesis Test p Conclusion 

No differences on liver weight among season: 

(1) Males ANOVA 0.2373 NS 

(2) Females ANOVA 0.1436 NS 

No differences on liver weight between males and females, by 
season: 

(1) Spring T test 0.9050 NS 
(2) Summer 
(3) Fall T test 0.2491 NS 
(4) Win.ter T test 0.7486 NS 

No difference on liver weight among season: 

(1) pooled males 
and females: ANOVA 0.0532 NS 
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Body Condition 

To assess if gray gulls have a seasonal variation in 

overall body weight a body condition index (BCI), calculated 

as total body weight (g)/ wing length (mm), are plotted 

against season during 1979-87 for males and females (Figures 

12 and 13; Tables 10 and 11). Fat body weights are not 

subtracted from the TBWT because FBW were initially taken in 

1983-84. Therefore computations of BCI with subtracted FBW 

would not allow for comparison among years before 1983-84. 

A round figure of 9 g FBW (approximately the higher values 

measured in gray gulls) represents only 2.3 % of TBWT for 

males (TBWT X=384 g; SD=37; n=148) and 2.6 % of TBWT for 

females (TBWT X=343 g; SD=33; n=146). The same reasoning is 

applicable for not subtracting gonad weight, unless a female 

were found with an oviducal egg. In such case,the egg was 

removed weighed and subtracted. This happened once during 

the study period. The mean values do not follow a seasonal 

cycle. During 1979-81, regardless of sex, all seasonal 

ranges and most standard deviations overlap. 
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Figure 12. Body Condition Index (BCI=body wet weight g/wing 

length mm) of male gray gulls Larus modestus in northern 

Chile during normal and El Nino Southern Oscillation low 

productivity (1982-84) years. Circles= mean; vertical lines= 

± 1 SE; Numbers above lines= sample size; S= spring; S= 

summer; F= fall; W= winter. 
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Figure 13. Body Condition Index (BCI=body wet weight g/wing 

length ram) of female gray gulls Larus modestus in northern 

Chile during normal and El Nino Southern Oscillation low 

productivity (1982-84) years. Circles= mean; Vertical 

lines= ± 1 SE; Number above lines= sample size; S= spring; 

S= summer; F= fall; W= winter. 
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TABLE 10 

Body condition index (BCI=body wet weight g/wing length mm) 
of male gray gulls Larus modestus in northern Chile. 

Year Season N X SD Min Max 

1979-80 SP 1 1.004 
SU 10 1.051 0 .124 0.956 1.307 
FA 20 1.065 0 .078 0.944 1.213 
WI 14 1.174 0 .077 1.030 1.294 

1980-81 SP 16 1.032 0 .078 0.907 1.239 
SU 10 1.173 0 .107 0.997 1.341 
FA 9 1.104 0 .107 0.971 1.300 

1981-82 SP 9 1.046 0 .107 0.901 1.249 

1982-83 . SP 2 1.068 0 .072 1.016 1.119 
SU 2 1.123 0 .141 1.023 1.222 
FA 1 1.155 

1983-84 SP 2 1.172 0 .058 1.131 1.213 
SU 5 1.066 0 .064 1.000 1.167 
FA 4 1.216 0 .094 1.109 1.310 
WI 5 1.095 0 .037 1.044 1.131 

1984-85 SP 6 1.086 0 .117 0.902 1.194 
FA 4 0.999 0 .219 0.675 1.155 
WI 1 1.153 

1985-86 SP 1 1.104 
FA 4 1.140 0 .027 1.114 1.168 
WI 6 1.155 0 .062 1.055 1.224 

1986-87 SP 6 1.153 0 .098 1.029 1.271 

SP= 
FA= 

spring 
fall 

(Sep.Oct.Nov.) 
(Mar.Apr.May ) 

SU= 
WI = 

summer (Dec 
winter (Jun 

.Jan.Feb.) 

.Jul.Aug.) 
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TABLE 11 

Body Condition Index (BCI=bodi wet weight g/wing length mm) 
of female gray gulls Larus modestus in northern Chile. 

Year Season N X SD Min Max 

1979-80 SP 5 1.075 0.178 0.892 1.267 
SU 13 1.002 0.126 0.809 1.188 
FA 15 1.047 0.105 0.878 1.217 
WI 18 1.022 0.085 0.879 1.171 

1980-81 SP 16 0.976 0.110 0.778 1.253 
FA 1 0.972 

1981-82 SP 11 1.024 0.132 0.840 1.260 

1982-83 SP 3 1.035 0.044 0.991 1.080 
WI 2 0.938 0.041 0.909 0.968 

1983-84 SP 3 0.988 0.069 0.909 1.032 
SU 5 0.969 0.053 0.881 1.018 
FA 7 1.031 0.021 1.009 1.064 
WI 7 0.959 0.116 0.717 1.052 

1984-85 SP 9 1.023 0.052 0.953 1.095 
SU 6 1.010 0.097 0.918 1.095 
FA 4 0.991 0.991 0.861 1.054 
WI 4 1.099 0.053 1.046 1.172 

1985-86 SP 1 0.948 
FA 1 1.179 
WI 5 1.034 0.142 0.899 1.267 

1986-87 SP 9 1.056 0.114 0.904 1.228 

SP= spring (Sep.Oct .Nov.) SU= summer (Dec .Jan.Feb.) 
FA= fall (Mar.Apr .May ) WI= winter (Jun .Jul.Aug.) 
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Molting 

Molting was analyzed in three categories: (A) head 

feathers; (B) body feathers and (C) primary feathers of the 

wings. Molting of the head occurs twice per year. During 

July-September, prior to the breeding season heads of adults 

normally molt from gray to white and back to gray during 

late January-early April (Figure 23). Analyses of autopsied 

adults show that 59.7 % were molting head feathers in spring 

(n = 72) and 61.7 % in fall. Two peaks of head-feather 

molting frequency occurred among captured gulls (Figure 14). 

During summer neither captured nor free-ranging adults were 

observed molting head feathers. 

Body feathers are molted principally during fall (96.1 

%) and winter (72.3 %) (Figures 14 and 23). Primaries and 

secondaries molt simultaneously and sequentially begining in 

the junction of the carpal/radius bones, where primaries and 

secondaries are inserted, respectively. Wing molting is 

symmetrical, feathers are replaced gradually, normally 

leaving no more than two spaces (one primary and one 

secondary) without feathers. To simplify analysis of wing 

molt, only primaries are used. As Figure 14 shows, wing molt 

occurs once a year, in fall post reproduction. 
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Figure 14. Annual molting cycle of gray gulls Larus 

modestus in northern Chile. Histograms represent relative 

frequency (percent) of gulls molting head (H), wings (W) and 

body (B) feathers by season. Data are combined for 1979-87, 

excluding 1983-84 (see text for details). Above each 

histogram are numbers of gulls checked (100 %) for molting 

stage. 
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Of the adults autopsied during the fall, 77.1 % were 

molting wing feathers, while none evinced molting during the 

summer. 

A plot of the Molting Score (MS) of six gulls against 

time provides a growth rate curve in terms of changes in MS 

day-1 . Figure 15 shows the respective curves for six 

confined gulls examined three times during February-April 

1985. Their respective MS day~l coefficients (b= 0.635, 

0.585, 0.666, 0.685, and 0.525) were tested for homogeneity 

(covariance F=0.799, p>>0.25) and combined for a common 

slope be = 0.62 MS day-1 

Population Distribution 

Seasonal fluctuations in abundance along 24 km of coast 

at Antofagasta shown in Figure 16 and Table 12 suggest that 

gray gulls congregate on the coast adjacent to their desert 

nesting sites during the breeding-nesting season, and then 

disperse during the non-breeding period. Also, Figure 16 

shows the fluctuation in abundance of gray gulls observed by 

ornithologists on the Peruvian coast (Castro and Myers pers. 

com.). They determined seasonal changes in abundance of gray 

gulls by counting total number of individuals on two 

Peruvian beaches (Paraiso and Villas) located in the 

vicinity of the Peninsula de Paracas (13° 50' S lat). 

Though I do not have information about the area of those 

beaches with which to compare densities, the data clearly 

show that the decrease in number of gulls 
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Figure 15. Molting rate of the 10 primary feathers per 

wing in six captive gray gulls Larus modestus (each 

identified by a different symbol) during summer-fall 1985 

measured as molting score per day (MS day-1 } MS is 

determined by assigning a score of 10 for each completed 

(new molted) primary, a fraction of 10 for each developing 

primary, and zero for an old unmolted primary, and summing 

the values. Completely molted wing= 100; Completely 

unmolted= 0; Partially molted= 0-100. be, the common slope 

determined from analysis of covariance= 0.62 MS day-i 
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Figure 16. Number of gray gulls Larus modestus censused 

along 24 km of coast at Antofagasta, Chile (23° 41* S lat) 

during 1985-87 (closed circles). Dashed lines between 

closed circles represent an approximate pattern following 

the 1986-87 fluctuation. Open circles represent census of 

kelp gulls Larus dominicanus in the same area during 

1986-87. Open squares are combined 1983-1984 observations of 

gray gulls taken in two Peruvian beaches (Castro pers. 

com.). 
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TABLE 12 

Gull censuses along 24 km of coast at Antofagasta, Chile 
(23° 41' s lat). 
A= gray gull Larus modestus B= kelp gull Larus dominieanus 
C= band-tailed gull Larus belcheri. 

Month 1985 1986 1987 

A A B C A B c 

January 607 • * • 

February • • * • 1221 486 15 
March • 1356 * • • • • 

April 788 t . » 928 694 40 
May , 454 540 0 * • 

June 100 • • • • . • 

July 312 748 922 6 • • 

August • • . . . 
September 3000 254 20 * • 

October * 5929 334 0 , • 

November 5307 5211 406 10 , , 

December 1698 345 4 
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in Peru coincides with the increase in gray gulls along the 

coast of northern Chile. Since several gray gulls which I 

marked in Chile were recovered in Peru (Castro pers. com.), 

the gulls filling the beaches in Chile are undoubtedly the 

same as those departing Peru. 

The abundance of band-tailed (L. belcheri) and kelp 

gulls (L. dominicanus) along the Antofagasta beaches (Table 

12), suggest the greatest abundance of kelp gulls occurred 

during April and July, with 694 and 922 individuals 

respectively (Figure 16), while abundance during spring and 

summer ranged from 254 to 406 individuals in the same area 

(24 km) where gray gulls were censused. Band-tailed gulls 

are less abundant, but show a similar pattern, increasing 

their number toward the fall-winter months. Non-quantitative 

observations on relative abundance of three species of gulls 

in the study area also reflect that when gray gull abundance 

decreases during fall-winter kelp and band-tailed gulls 

increase their number. An inverse relation occurs toward and 

during summer. 

Effect of El Nifio-Southern Oscillation 

During the 1982-83 ENSO the sea surface temperature 

increased abnormally by invasion of tropical waters which 

changed the physico-chemical conditions of the sea, weakened 

the upwelling system and reduced the normally high primary 

production of the Humboldt current. Anchovies and other 
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native species had decreased densities or virtually 

disappeared, producing a dramatic reduction in food 

availability for high level consumers such as pinnipeds and 

sea birds, as well as gray gulls. Figures 17 and 18 compare 

seasonal GSI variation in gray gulls during normal (1979-81, 

1984-87) and ENSO-influenced years (1982-84). Low values in 

spring and summer indicate suppressed gonadal activity in 

1982-83 and 1983-84 breeding seasons in both sexes. To 

analyze the impact of ENSO on GSI, composite values of 

normal years were calculated and compared with those of the 

1982-84 abnormal years when anchovies, the principal fish 

prey for gray gulls, almost disappeared from the area (see 

Figure 19). Figures 20 and 21 illustrate differences in GSI 

between normal and ENSO years. Male GSI is significantly 

different between normal and ENSO springs (Wilcoxon 

p=0.028), summers (Wilcoxon p=0.0001) and falls (Wilcoxon 

p=0.009). Female GSI are significantly different between 

springs (t test p=0.031) and summer seasons (t test 

p=0.024). 
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Figure 17. Mean seasonal Gonadosomatic Index (GSI=gonad wet 

weight mg / wing length mm) of male gray gulls Larus 

modestus during 1979-87. Seasonal fluctuation during normal 

years (1979-80 and 1984-85) and El Nino-Southern Oscillation 

low productive years (1982-84). Circles indicate mean 

values; Vertical lines represent ± 1 SE; Numbers are sample 

size; Seasons and years are indicated at the bottom of the 

graph; *** indicate low food availability period. 



91 

u. in 

CO CO 

UD J—4 

LL CO 

(ISO) X3QNI OIlVIAIOSOaVNOO p 



92 

Figure 18. Mean seasonal Gonadosomatic Index (GSI=gonad wet 

weight mg / wing length mm) of female gray gulls Larus 

modestus during 1979-87. Seasonal fluctuation during normal 

years (1979-80 and 1984-85) and El Nino-Southern Oscillation 

low productive years (1982-84). Circles indicate mean 

values; Vertical lines represent ± 1 SE; Numbers are sample 

size; Seasons and years are indicated at the bottom of the 

graph; *** indicate low food availability period. 
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Figure 19. Commercial anchovie harvests in the study area 

by fish-meal companies. Data were obtained fron the 

Servicio Nacional de Pesca (SERNAP) Annual Reports, as tons 

of anchovies landed in the II Region (Antofagasta) of Chile 
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Figure 20. Comparison of gonadal cycles (GSI= gonad wet 

weight mg / wing length mm) of male gray gulls Larus 

modestus Between normal years (A.combined for 1979-81; 

1985-87) and El Nino Southern Oscillation low productivity 

years (B.1982-84). Circles= means and vertical lines= ± 1 

SE. Numbers are sample size. S and NS indicate the 

significance of the comparison between normal and ENSO years 

of a particular season (see Table 13). 
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Figure 21. Comparison of gonadal cycles (GSI= gonad wet 

weight mg / wing length mm) of female gray gulls Larus 

modestus between normal years (A. combined for 1979-81; 

1985-87) and El Nino- Southern Oscillation low productivity 

years (B. 1982-84). Symbols are same as in Figure 20. 
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TABLE 13 

Statistical comparison of Gonadosomatic Index (GSI= gonad 
wet weight mg / wing length mm) of male and female gray 
aulls Larus modestus. Pooled normal years (1979-81;_ 
1985-87) and El Nifio-Southern Oscillation years (1982-84) by 
season. 

Sex Season 
Probability of 

T-test * Wilcoxon** Conclusion 

Males Spring 0.0288 S 

Summer 0.0001 S 

Fall 0.0090 S 

Winter 0.7046 NS 

Females Spring 0.0312 S 

Summer 0.0243 S 

Fall 0.0610 NS 

Winter 0.1021 NS 

U D C U W i i C i i u a u a — JC 

two-sample t test. ** used when assumptions were not met 
(equivalent Mann W.-U-test. SAS); 

S= significant NS= non significant 
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A summary of statistical comparisons between normal and 

ENSO years is in Table 13. 

Fat Body Weight (FBW) of females increased during 

summer, fall, winter 1983-84 and spring 1984-85 (Figure 11), 

from 1265.5 mg to 9636.7 mg (Table 6). A similar pattern is 

observed for males, except in winter (Figure 10 and Table 6) 

when a decrease occurs. Total Body Lipid Index (TBLI= 

FBW/Wing Length) was significantly higher (two-sample t 

test) in the 1984-85 breeding-nesting period (spring-summer 

seasons) than during the same period in 1983-84 (t test 

P=0.002). Though lipids vary, BCI does not vary 

significantly among breeding-nesting periods among years 

from 1979 to 1986 for males (Anova p=0.1032) and females 

(Anova p=0.7985). 

Body molting, which began normally in 1981 (Figure 22), 

was prolonged almost until November 1982. Head molting in 

1982 began as normal in mid-July, but continued into 

October, a month longer than normal. Body molting began in 

December 1982 one month early, and continued to November 

1983. In 1983, wing molting did not begin until March, 

nearly 1.5 months later than normal, terminating in 

mid-June. Head molting (white to gray) began in January, 

1.5 months earlier than normal and extended into April. As 

data in Figure 22 shows, head molting (gray to white) in 

1983 began slightly later than normal and extended for 3 
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months, two more than normal. Head molting (white to gray) 

began a month earlier in 1983 and extended to mid-March 

1984. Wing molting began earlier in 1983-84 and lasted 

longer than normal. Body molting also began earlier. 

Molting in 1984-85 and the following years (Figure 22) 

returned to normal. 

During the 1982-83 and 1983-84 breeding seasons, gulls 

were not observed spiralling and/or flying into the desert 

at dusk as they do during normal years. Also I did not 

observe courtship in their typical mating areas on the 

beaches. Intensive desert surveys in and around the 

Kimurku-Valenzuela and Cerro Negro nesting sites (Figure 3) 

failed to show nesting gray gull adults, eggs or chicks 

during both years. Beach surveys did not reveal fledglings, 

evincing no reproductive recruitment during 1982-84. 

Censuses of gray gull flocks at Antofagasta during summer 

from 1983 to 1987 (Table 14) indicate only 0.5 % of the 

individuals counted in 1983-84 and 1984-85 were non-adults. 

I was unable to tell whether those juveniles were fledglings 

or yearlings. On the same beaches, during summer 1985-86, 

the 406 fledglings observed accounted for the % of the 

population censused, indicating that gray gulls had resumed 

their reproduction successfully. In 1987, 618 fledglings 

were found, representing 18 % of the gray gull counted. 

Eight flocks of gray gulls were observed at Mejillones 
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during February 1986, totaling 4374 individuals, of which 

51.4 % were fledglings (Table 15). During 1987, the census 

from Tocopilla to Mejillonesi included 10,087 gray gulls of 

which 3,416 (34 %) were fledglings, 2,275 (23 %) yearlings 

and 4,396 (44 %) adults (Table 16). 

Gray gulls on the coast between Tocopilla and Mejillones 

during 1983-84, when food was still scarce due to the 

1982-83 ENSO, were clustered in two large groups (Table 17): 

One at Michilla (22° 44' S lat) with 2025 individuals and 

the other at Mejillones with 3549 individuals. The total 

number of gulls on the coast between Tocopilla and 

Mejillones increased from 5,638 during ENSO to 6,618 

individuals in 1984-85 and to a maximum of 14,796 in 

1985-86. The following year (1986-87) the population 

decreased to 10,822 individuals. 

The high density observed in 1985-86 was due in part to 

the high proportion of recruits observed on the beaches of 

Antofagasta and Mejillones (Tables 14 and 15). Also 

non-quantitative observations made in summer of that year 

during boat surveys showed that almost every pair of adult 

gray gulls were accompanied by two fledglings, begging for 

food. 
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Figure 22. Molting cycles of wing primary-secondary 

feathers, head feathers and body feathers of gray gulls 

Larus modestus during 1979-84. Dark areas represent periods 

when most of the population is molting. Areas of the circle 

represent months (indicated by its first letter) from two 

chronological years. Cycles begin in July and end in June of 

the next year. 
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Figure 23. Molting cycles of wing primary-secondary 

feathers, head feathers and body feathers of gray gulls 

Larus modestus during 1984-87. Dark, areas represent periods 

when most of the population is molting. Areas of the circle 

represent months (indicated by its first letter) from two 

chronological years. Cycles begin in July, and end in June 

of the next year. 
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TABLE 14 

Abundance of adults (AD), juveniles (JU), yearlings (YR) and 
fledglings (FL) gray gulls on the coast of Antofagasta. (JU 
is used for indetermined YR/FL). 

DATE AD JU YR FL TOTAL FL% 

Feb. 1984 414 2 416 0.48 

Jan. 1985 604 3 607 0.49 

Mar. 1986 950 406 1356 29.94 

Feb. 1987 2128 667 618 3413 18.10 

TABLE 15 

Relative abundance of gray gull Larus modestus fledglings at 
Mejillones on 26 February 1986. 

TOTAL FLEDGLINGS FL % 

168 1 0.6 
789 435 55.1 
300 200 66.7 
333 230 69.1 
874 590 67.5 
617 328 53.2 
422 256 60.7 
704 132 18.7 
167 75 44.9 

4374 2247 51.4 
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TABLE 16 

Age structure of gray gull Larus modestus population on the 
coast between Tocopilla and"Mejillones on 25 February - 1 
March 1987. 

Location AD YR FL Total FL % 

Tocopilla 1331 21 103 1455 7 Tocopilla 
135 8 93 236 39 
278 0 33 311 10 
41 1 23 65 35 

Gatico 140 29 105 274 38 
1 5 26 32 81 
6 0 11 17 65 

115 98 268 481 56 
46 0 134 180 74 
26 0 66 92 71 
86 54 130 270 48 

Chacaya 251 332 226 809 28 Chacaya 
368 410 301 1079 28 
795 695 1012 2502 40 

Mejillones 777 622 885 2284 39 

4396 2275 3416 10087 34 
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TABLE 17 

Annual censuses of gray gulls Larus modestus between 
Tocopilla and Mejillones taken at the end of the breeding 
season. 

Location 1983-84 1984-85 1985-86 1986-87 

Paso Malo 11 93 1423 
Pta. Ana 42 62 276 • 

Tocopilla 3 97 944 2282 
Pta. Blanca 2 82 0 0 
Pta. Alala 0 183 2 0 
Pta. Copaca 0 12 42 0 
Pta. Amp a 0 213 1 0 
Pta. Guanillos 0 88 0 0 
P. Bandurrias N. 0 13 0 0 
Pta. Grande 2 339 212 0 
Pta. Huacache 2 72 87 0 
Pta. Cobija 2 147 501 274 
Pta. Guasilla 0 267 150 32 
Pta. Tamira 0 4 0 17 
Pta. Chungungo 0 5 3 0 
Pta. Thames 0 0 0 50 
Pta. Huaque 19 127 0 0 
Pta. Michilla 2025 900 1171 268 
Pta. Guala-G. 0 147 258 180 
Pta. Yayes 0 55 15 92 
Pta. Hornos 0 101 51 270 
Pta. Itata 0 275 817 809 
Mejillones 3549 3336 8843 6548 

5637 6618 14796 10822 
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Schedule of Foraging Flights 

During 1986-87, nesting season gulls initiated daily 

spiraling flights at 1907 h (SD= 8 min; n=6) along the coast 

at Antofagasta. Usually gulls congregated in flocks on the 

beaches and/or floating ca. 50 - 100 m offshore, constantly 

calling among themselves. As small groups continue arriving 

and forming larger flocks along the coast, the intensity of 

calls increased. The locations where they congregated on the 

coast were usually the same each day. When the sun was still 

visible they initiated spiraling flights, flapping at 

intervals following ascending warm air mases (thermals) to 

reach altitudes of ca. 1000 m. Usually flocks moved from 

the south and north in linear flights at the same altitude 

towards certain places where they reinitiated spiraling, as 

if they were searching for thermals along the coast. At 

times, a whole flock would drop several tens of meters 

apparently when it lost the thermal, but quickly recovered 

and continued spiraling to gain altitude. At sunset several 

flocks congregated at altitudes of ca. 1000 m and continued 

spiraling or moving along the coast until dark, when they 

headed to the desert group by group. The whole flock usually 

took more than 30 min to leave the coast. 

During December 1986 and January 1987 gray gulls 

departed from Antofagasta for the desert at 2128 (SD= 8 min; 

n=36) and arrived at the Cerro Negro nesting sites at 2339 h 
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(SD= 18 min; n=6), a ca. 2 h 11 min flight. Gulls departed 

the nesting sites at 0403 h (SD= 6 min; n=5) and arrived at 

the coast at 0526 h (SD= 8 min; n=5) before sunset, a flight 

time of 1 h 23 min. 

Numerous, but scattered observations along the 

Mejillones-Tocopilla coast during summer, indicate that 

schedules for spiraling flights and departures to the desert 

are similar to those in Antofagasta. 

During December 1986 and January 1987 the arrival of 

gulls at nesting sites in the Colupo - Kimurku area was 2211 

h (SD= 8 min; n=4). If they departed at 2128 (as in 

Antofagasta) their flight time would be of 43 min. The mean 

departure for the coast from these sites was at 0405 h (SD= 

6 min; n=2) and if it took the same proportional amount of 

time as those in Antofagasta, the flight for the coast would 

be about 27 min. Several observations made at 0500 - 0600 h 

in all nesting sites revealed that only incubating gulls, 

one per nest remained. 

The spiraling flights of gray gulls, based on the 

average initiation and departure times, were 2 h 21 min. 

Flights to the Cerro Negro nesting sites are 2 h 11 min and 

for Colupo - Kimurku nesting sites 43 min. Therefore, 

breeding gray gulls from Antofagasta - Cerro Negro spend ca. 

6 h daily flying to and from nesting sites, including time 

at the coast spiraling to gain altitude, whereas those from 
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Tocopilla - Mejillones spend 3 h 31 min. Figure 24 shows 

times of foraging flights, and their relation to wind 

velocity and direction which may explain the differential 

flight times between entering and leaving the desert nesting 

sites. 

During 1985 and 1986, spiraling and desert flights began 

at Antofagasta during the second half of July. A field trip 

to the Cerro Negro nesting sites during July 1986 revealed 

that gulls arrived nightly but none stayed during the day as 

eggs were not laid at that time. Between late July and 

early August adults were molting their head feathers to 

white, but did not initiate courtship until later. 
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Figure 24. Relation of foraging flights in gray gulls 

Larus modestus to wind velocity and direction at nesting 

sites and on the coast. 
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Energy Metabolism 

Metabolic energy expenditure as measured through oxygen 

respirometry (V02) of 18 growing chicks, fledglings and 

yearlings at various ambient temperatures (ta) is shown in 

Figures 25-28. Table 18 gives standard metabolic rates 

(SMR)(King 1974) of 200 - 400 g post absorptive gulls within 

their empirically determined thermoneutral zone (TNZ; the 

temperature range within which the metabolic heat production 

is unaffected by a temperature change; Schmidt-Nielsen 

1985). Figure 29 displays the relation between SMR and body 

weight for those gulls. Because only 18 gulls were 

available and chicks were growing during the 2 month 

respirometry experiments, the results represent multiple 

measurements of the same gulls at different ages and sizes. 

Data presented in Figures 25 - 28 for gulls in three age / 

weight clases: under 200 g; 200 - 300 g; and 300 - 400 g. 

Since only three chicks were under 200 g and grew 

quickly beyond 200 g, their TNZ was not possible to 

determine empirically. They show a significant (p=0.0118) 

decrease in metabolic energy expenditure with increasing ta 

from 9 to 18 C. A projection of the metabolic rate - ta 

line to the basal metabolic rate (0.0239 KJ g-i h~i at 132 

g) predicted from the equation for non-passerines determined 

by Lasiewski and Dawson (1967) correspond to a ta of 31.5 C, 

within the TNZ of larger gulls (Figures 26 and 27). Gull 
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chicks between 200 and 300 g show a significant (p=0.0005) 

decrease in metabolic energy expenditure from 8 to ca. 28 C 

and a significant (p=0.0001) increase from ca. 31 to 40 C 

(Figure 25). The chicks show ta-independent metabolic energy 

expenditure (i.e., SMR) between 28 and 32 C, their probable 

TNZ. From Lasiewski and Dawson (1967), the predicted SMR 

for a 250 g non-passerine (0.0200 KJ g-' h~i ) lies within 

the 95 percent confidence limits for the gray gull chicks 

(Table 18). Metabolic energy expenditure was 389 and 369 

percent of SMR at 8 C and 40 C, respectively. Gulls between 

300 and 400 g show a similar pattern to that previously 

presented, except for a slightly wider (26 - 32 C) TNZ and a 

tighter SMR (Figure 27). Since the regressions above and 

below the TNZ, and SMR are not significantly 

(p(t=-0.0215)>>0.50 and p(t=0.001)>>0.50) different between 

200-300 and 300-400 g gulls, their data were pooled to 

create Figure 28. The SMR (0.0183 KJ g - 1 h - 1 ) predicted 

for a non-passerine (Lasiewski and Dawson 1967) lies within 

the 95 percent confidence limits for the 300-400 g gulls 

(Table 18). The ta, on linear regression models account for 

ca. 51 and 66 percent of the variation in metabolic energy 

expenditure below and above the TNZ of gray gulls between 

200 and 400 g. Their SMR was 0.0208 ± 0.0068 KJ g~i h~i (X 

± SD) within the TNZ (26 - 32 C)(Table 18). Since 200, 300 

and 400 g SMRs predicted from the allometric equation for 
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non-passerines (Lasiewski and Dawson 1967) lie within the 

empirically determined 95 percent confidence limits (Table 

18; Figure 29), gray gulls accord with predictions 

(Bartholomew et al. 1983). Figure 29 which graphically 

demonstrates that the predicted SMRs (Lasiewski and Dawson 

1967) fall within the empirically-determined 95 percent 

confidence limits, also shows that SMR is weight-independent 

between 200 and 400 g (p=0.4455). 
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Figure 25. Metabolic rate (KJ g-i h-1; 1 KJ= 50 ml 02) 

of three gray gull Larus modestus chicks (92 - 146 g) 

measured at ambient temperatures of 9 - 18 C. Each chick 

was measured several times, but at different weights as they 

grew. 
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Figura 26. Metabolic rate (KJ g~i h-* ; 1 KJ= 50 ml 02) 

of gray gull Larus modestus chicks (200 - 300 g) measured at 

ambient temperatures of 8 - 40 C. Regression models for 

metabolic rates are given above and below the thermoneutral 

zone (TNZ), respectively . Mean and 95% confidence limits of 

standard metabolic rate (SMR) are indicated in the TNZ, 

respectively by a continuous and dashed lines. Closed 

circles represent more than one identical determinations. 
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Figure 27. Metabolic rate (KJ g~i h-i ; 1 KJ= 50 ml 02) 

of gray gulls Larus modestus (300 - 400 g) measured at 

ambient temperatures of 8 - 40 C. Regression models for 

metabolic rates are given above and below the thermoneutral 

zone. Mean and 95% confidence limits of standard metabolic 

rate are indicated in the thermoneutral zone, respectively 

by a continuous and dashed horizontal lines. Closed circles 

represent more than one identical observations. 
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Figure 28. Metabolic rate (KJ g-i ; 1 KJ= 50 ml 02) 

of gray gulls Larus modestus (200 - 400 g) measured at 

ambient temperature of 8 - 40 C. Regression models for 

metabolic rates are given above and below the thermoneutral 

zone. Mean and 95% confidence limits of standard metabolic 

rate are indicated in the thermoneutral zone, respectively 

by a continuous and dashed horizontal lines. Circles = 200 -

300 chicks ; triangles = 300 - 400 g gulls; closed figures = 

more than one identical determinations. 
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Figure 29. Standard metabolic rate (SMR; KJ g-1 h_i ; 1 

KJ= 50 ml 02) of gray gulls Larus modestus (200 - 400 g) 

within their thermoneutral zone (26 - 32 C). Upper and lower 

solid horizontal lines are values for 400 and 200 g gulls, 

respectively predicted from the non-passerine allometric 

equation of Lasiewski and Dawson (1967). Dashed horizontal 

lines represent the 95 percent upper and lower limits for 

empirically-determined SMR for gray gull inmatures. 
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TABLE 18 

Thermoneutral zone and standard metabolic rate of gray 
gull Larus modestus 

body weight TNZ n X SD 95% conf. limits 

(g) (C) SMR KJ g-i h-i 

200-300 

300-400 

pooled 
200-400 

28 - 32 12 

26 - 32 11 

0.0196 0.0067 0.0153 - 0.0238 

0.0195 0.0035 0.0171 - 0.0219 

26 - 32 25 0.0208 0.0068 0.0180 - 0.0237 

Predicted SMRs from the allometric equation for 
non-passerines (SMR KJ day-i = 327.8 m Kgo.^" ; Lasiewski 
and Dawson 1967) for gray gulls (200 g = 0.0213; 300 g -
0.0196; 400 g = 0.0176 KJ g - 1 h~i ) fall within the 95 
percent confidence limits of empirically determined rates. 
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To help interpret patterns displayed in Figures 27 - 29 

in terms of metabolic costs associated with physiological 

thermoregulation above and below the TNZ, the relation 

between body temperature (tb) and ta was determined for the 

two groups of gulls (200 - 300 and 300 - 400 g) exposed 

individually to 8 - 40 C (Figures 30 and 31) in the 

metabolic chamber (Figure 6) during respirometry 

determinations. Both groups show the same pattern below and 

above their TNZ. Between 14 and 28 C, tb is independent of 

ta for both the 200 - 300-g (X ± SD = 38.16 ± 0.70 ; range 

37 - 39 C; n= 15) and 300 - 400-g gulls (X ± SD = 38.30 ± 

0.52 ; range 37 - 39 C ; n= 15). Their mean tb's are not 

significantly different (Wilcoxon, p=0.2965). Below 14 C, 

tb drops significantly for the 200 - 300 g (1 tailed t test 

0.025>p>0.01 ; X ± SD « 36.83 ± 1.17 ; range= 35 - 38 C ; n= 

6). The 300 - 400-g gulls show a similar pattern where tb 

at ta below 14 C is significantly different that tb at ta of 

14 - 28 C (Wilcoxon, p=0.0017 ; X ± SD = 37.50 ± 0.74 ; 

range= 36 - 38 C; n= 11). Their mean tb's were not 

significantly different (t test, p=0.2309). Since both 

groups displayed essentially the same response below 28 C, 

their data were pooled to create Figure 32. The resultant 

tb's between ta of 14 and 28 C (X ± SD = 38.26 ±0.59 ; 

range 37 - 39 C ; n= 40) and below ta of 14 C ("X ± SD = 

37.29 ± 0.936 ; range= 35.0 - 38.5 C; n= 17) are 
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significantly different (Wilcoxon, p=0.0002). Above 29 C, 

tb's of the 200 - 300 and 300 - 400 g groups increased 

significantly with ta (tb=25.4477+0.4504 ta; R2 = 0.698 ; 

p=0.0001 and tb=28.2927+0.3888 ta; R2 = 0.820 ; p=0.003, 

respectively), though their rates of increase were 

statistically different (p(t=6.16)<0.001), the overall 

pattern suggests that gray gulls thermoregulate 

physiologically, which is costly energetically, between 14 

and 29 C but become slightly hypothermic below 14 and 

hyperthermic above 29 C. 
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Figure 30. Body temperature (tb) of gray gull Larus 

modestus inmatures (200 - 300 g) exposed to ambient 

temperatures (ta) from 8 to 40 C in a metabolic chamber. (A) 

is the regression line of best fit at ta greater than 28 C. 

(B) is the line of equal tb - ta. Closed circles represent 

more than one identical observation (n = 51). 
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Figure 31. Body temperature (tb) of gray gull Larus 

modestus inmatures (300 - 400 g) exposed to ambient 

temperatures (ta) from 8 to 40 C in a metabolic chamber. (A) 

is the regression line of best fit at ta greater than 28 C. 

(B) is the line of equal tb - ta. Closed circles represent 

more than one identical observation (n=45). 
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Figure 32. Multiple body temperature determinations of 18 

gray gull Larus modestus inmatures (200 - 400 g) at ambient 

temperatures from 6 to 40 C in a metabolic chamber. 

Horizontal lines represent the mean tb values at ta's of 6 -

14 and 14 - 28 C. (a) and (b) represent regression lines of 

gulls of 200 - 300 g (circles) and 300 - 400 g (triangles), 

respectively. Closed figures represent more than one 

identical determination, (c) shows the relation where tb=ta. 
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Thermoregulatory measurements 

Figure 33 shows that gray gulls in the aviary employ 

increasingly costly thermoregulatory behaviors (TRB) as 

ground temperature (tg) increases to a maximum of >50 C. In 

the 5 February 1987 experiment (Figure 33), thermoregulatory 

index (TRI) fluctuates significantly (p=0.0001) with tg. The 

same pattern was observed on 5 and 8 February, and 3 March, 

each with high Spearman rank-correlation coefficients 

(RHC)=0.8655, 0.8479 and 0.7211, respectively). Pooled 

bivariates from the three observations are plotted in Figure 

34, showing significant relation (p=0.0001 ; RHO=0.8267) 

between TRI and tg. 

Table 19 displays individual TRBs of gray gulls and 

band-tailed gulls observed in the thermal chamber between 29 

and 45 C. At temperatures within the thermoneutral zone (26 

- 32 C) determined for gray gulls (Figures 27 - 29; Table 

18), TRIs were minimal and similar for both species. Above 

that range band-tailed gulls show significantly higher TRIs 

than gray gulls (Figure 35; X 2 = 546.9; p<<0.001), 

suggesting the latter is less influenced by ta which accords 

with their toleration of hyperthermia (Figure 32). TRIs of 

both were significantly correlated with ta (RHO= 0.9189; 

p=0.003 and RHO=0.9549; p=0.0008, respectively for 

band-tailed and gray gulls), demonstrating increased 

physiological costs with ta. That the highest TRIs for both 
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species occurred at 43, not 45 C is probably an artifact of 

the difficulty in accurately measuring TRBs of extremely 

stressed gulls exhibiting escape behavior. 
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Figure 33- Relation of thermoregulatory index (closed 

circles) to ground temperature in gray gulls Larus modestus 

(open circles) during daylight (5 February 1987; open sky). 
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Figure 34. Relation of thermoregulatory index (TRI) of 

captive gray gulls Larus modestus to ground temperature. 

TRIs of three days (5 and 8 February, and 3 March 1987) are 

pooled and regressed with respective ground temperatures. 
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Figure 35. Thermoregulatory index of band-tailed gulls 

Larus belcheri (open circles) and gray gulls Larus modestus 

(closed circles) measured individually in a thermal chamber. 



145 

o 

y j 
DC 
3 
H < 
DC 
LU 
CL 
S 
Lil 
H 
DC 
Ui 
CD 
2 < 
X 
o 

X 3 0 N I A d O I V i n O B d O I A I U i H l 



146 

TABLE 19 

Frequency of thermoregulatory behaviors (TRB) and 
computation of thermoregulatory index (TRI) of adult gray 
gulls Larus modestus and band-tailed gulls Larus belcheri 
measured in a thermal chamber. 

Band-tailed gull 

Chamber temperature (C) 

TRB Score 29 31 33 35 37 39 41 43 45 

Q 0.0 0 0 0 0 0 0 0 0 0 
G 0.5 4 4 4 4 4 4 4 3 1 
D 0.5 0 0 1 1 1 0 0 0 0 
R 1.0 4 2 1 1 2 2 1 1 0 
Ga 2.0 0 0 3 3 3 3 3 2 1 
S 2.0 0 0 0 0 0 0 1 0 0 
P 3.0 0 0 0 0 0 0 0 2 3 

TRI 1. 500 1. 000 2 .375 2. 375 2. 625 2 .500 2. 750 3 .125 2 .875 

gray gull 

TRB Score 29 31 33 35 37 39 41 43 45 

Q 0.0 0 0 0 1 0 0 1 0 0 
G 0.5 3 1 2 3 2 2 1 3 3 
D 0.5 2 3 1 1 0 2 2 3 2 
R 1.0 3 4 1 1 2 3 3 2 1 
Ga 2.0 0 0 0 0 0 0 1 2 2 
S 2.0 0 0 0 0 0 0 0 0 0 
P 3.0 0 0 0 0 0 0 0 0 0 

TRI 1. 375 1. 200 0 .625 0. 750 0. 750 1 .250 1. 625 2. 250 1 .875 

G- occasional gular movement 
D= defecating 
Ga= gaping 
S= salivating (licking) 
P= panting 
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Meteorological Measurements 

Meteorological conditions on the coast and in the desert 

were determined to characterize the gray gulls* habitat and 

to provide data to test the hypothesis (6) that adult gray 

gulls migrate to and from their desert nesting sites when 

winds are most favorable, and the hypothesis 11 that there 

are different micrometeorological advantages between adult 

incubation nests and chicks refuges. 

Coast 

During 1986, the hottest period was February and March 

(mean maximal = 25.95 and 25.62 C, respectively) and the 

coolest was June and July (mean minimal = 10.80 and 11.32 C, 

respectively). Air temperature range between summer and 

winter was 5.5 C between maximal and 7.4 C between minimal. 

The maximal and minimal air temperatures were 28.8 C 

(February) and 5.5 C (August). Ground temperature (tg) on 

the Antofagasta coast during the summer (Figure 36) is 

maximal at 1430 h (X ± SD = 46.7 ± 3.05 C; n=3) and minimal 

at 0730 (X ± SD = 19.0 ± 1.41 C; n=3), a tg of 27.7 C. 

Though cloud cover is frequent along the coast, no 

rainfall was recorded during 1985-86, typically, no 

measurable rain occurs for years. However, the winds are 

humid (ca. 80 % RH) throughout the year, blowing 

predominantly from the SW at velocities of 3.5 - 4.5 m sec-i 

between 1200 and 1800 h. Morning winds (2.0 - 3.5 m sec-* ) 
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are cool and dry (15 C; 60% RH), typically from the NE 

during 0300 - 0700 h. 

Desert Nesting Sites at Cerro Negro 

Daily patterns of relative humidity (RH), and 

temperature of the air (ta) and ground (tg) during the 

nesting season at Cerro Negro are given in Figure 37. RH is 

highest in early morning (99 percent at 0100 h; January 

1982) when ta and tg are minimal. On mornings when the dew 

point is reached, fog forms from ground level to 10 m, 

wetting surfaces of the rocks. This fog, locally called 

'camanchaca', dissipates at sunrise and the RH falls 

typically to 6 - 9 percent by midday. Maximal ta and tg 

occur between 1200 and 1600 h, with minimal values between 

0300 and 0700. The highest ta measured was 35 C (X ± SD = 

33.8 ± 1.9 at 1400 h; n=4) and tg was 61 C (X ± SD = 55.2 ± 

5.1 at 1400 h; n=4). The lowest ta was 9 C (X ± SD = 9.7 ± 

1.0 at 0700 h; n=4) and tg was 10 C (X ± SD = 12.8 ± 2.0 at 

0600 h; n=4). Thus, gray gulls theoretically are exposed to 

maximal daily variations in ta and tg of 26 and 51 C, 

respectively. 

Desert winds at Cerro Negro are typically from the NW, 

rotating ca. 90° as they pass over/through the coastal 

mountains, reaching velocities of 12.8 m sec-1 between 1000 

and 2000 h. From 2000 to 0300 h the air is still. Between 

0300 and 0600 the cool-dry Andean wind blows from E-NE at 2 
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- 3 m sec-1, chilling the desert and exposing gray gulls to 

the lowest diurnal temperatures. 

Micrometeorological measurements were taken at the gray 

gulls' three desert microhabitats: (1) exposed scrapes or 

nests used by adults for incubation and chick refuges (2) 

next to rocks or (3) along sides of dry channels (a-b, c and 

d, respectively in Figure 38A). Though RH varied daily, it 

did not vary among microhabitats. However, temperature and 

wind velocity varied between the open desert (Figure 37) 

where incubation scrapes are located and the two chick 

refuges. Table 20 compares daily measurements taken within a 

dry channel refuge and the immediately-adjacent open desert, 

showing more moderate microclimatic conditions for the 

chicks during their nocturnal occupancy. During the day, 

wind velocity is higher in the open desert where incubation 

scrapes occur, enabling incubating adults to thermoregulate 

by convection. All incubating adults were observed in these 

sites as were hatchlings until the age of 5 - 7 days. After 

that age chicks, which are left alone during the day from 

0400 until 2400 h when adults return with food are found in 

rock and dry channel refuges. These refuges are identified 

by guano accumulations. Of particular interest are the rock 

refuges which are most commonly used by chicks throughout 

all the Atacama nesting sites I have examined. These are 

used by chicks older than 5 - 7 days, unattended by adults. 
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A sample of 68 rock refuges at Cerro Negro reveals that 9 2 . 6 

percent are located to the SW side (Figure 38 A , B ) . The 

refuge is defined by a semicircle of accumulated guano 

(Figure 38B) . Measurements of tg and wind velocity over 24 

h at eight points around a typical rock refuge (Figure 38B) 

are shown in Figures 39 and 40 , respectively. Since ta 

followed the same pattern, only tg is plotted in Figure 39 . 

The shaded area shows that during the hottest part of the 

day (1100 - 1400 h) the refuge exhibits the lowest tg around 

the rock. Figure 40 shows that during the hottest period of 

the day the S-SW-W area receives the highest wind velocity 

around the rock, where the refuge zone is located, 

facilitating convectional thermoregulation. In contrast, 

when the cool E-NE nocturnal winds from the Andes blow the 

refuges experience the lowest wind velocities, enabling 

chicks to avoid their chilling effects. Figures 39 and 40 

together demonstrate that rock refuges enable unattended 

chicks to avoid excessive heat during the day and cold at 

night. 
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Figure 36. Mean ( ± SD) ground temperatures (tg) taken at 

100 - 300 m from the shoreline on the coast of Antofagasta, 

Chile during summer 1986-87. 
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Figure 37. Daily fluctuation of relative humidity, ground 

and air temperature (X ± SD) at the Cerro Negro nesting site 

of gray gulls Larus modestus during January 1982, 1983, 

February 1986, 1987. 
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Figure 38. A. Schematic view of a typical Cerro Negro 

desert nesting site, showing an incubating adult 

thermoregulating and shading the eggs (a), an empty 

incubation scrape (b), a chick refuge next to a rock (c) and 

a dry channel used by chicks for refuges (d). B. Relation 

of a chick refuge, defined by a ring of guano, to daily 

winds and sun at midday. 
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Figure 39. 24-hourly ground temperature measurements at 

eight cardinal points around a rock with a chick refuge 

located at Cerro Negro nesting site. Shaded area indicates 

temperature within the actual refuge located on the S-W side 

of the rock (see Figure 38). 
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Figure 40. 24-hourly wind velocity measurements at eight 

cardinal points around a rock with a chick refuge located at 

Cerro Negro nesting site. Shaded area indicates wind 

velocity within the refuge located on the S-W side of the 

rock (see Figure 38). 
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TABLE 20 

Diel micrometeorological conditions within a shallow dry 
channel refuge (CR) used by gray gull Larus modestus chicks 
compared with ambient conditions (AC) one meter above 
surface during 5 - 6 February 1986 in the Atacama Desert at 
Cerro Negro nesting site. 

TIME TEMPERATURE (C) 
air surface 

RELATIVE 
HUMIDITY 

WIND* 
VELOCITY 

CR AC CR AC CR AC CR AC 

0851 18.0 18.5 18.0 17.0 67 69 0.0 0.0 
0955 22.0 23.0 21.5 21.0 60 59 2.0 2.0 
1155 28.0 26.5 26.5 44.0 51 41 0.1 0.4 
1255 30.0 29.0 19.0 48.0 42 40 0.1 0.5 
1410 34.0 31.0 32.0 54.0 42 34 3.6 7.6 
1510 32.0 29.5 31.5 47.5 39 33 4.6 10.5 
1610 31.0 27.5 35.5 44.5 49 47 6.1 11.2 
1710 31.0 26.0 34.0 40.5 52 49 7.1 12.2 
1810 28.0 25.0 30.0 35.0 55 40 3.5 9.2 
1910 25.5 22.0 25.0 29.5 57 54 0.1 6.1 
2010 21.5 20.5 22.0 25.0 58 59 5.1 10.2 
2110 19.5 19.0 20.5 22.5 68 65 0.3 0.5 
2200 17.5 16.0 19.0 16.0 84 88 0.3 3.1 
2400 17.0 16.0 18.0 13.0 76 78 0.0 0.0 
0200 14.0 12.0 17.0 10.5 90 94 0.9 1.5 
0400 13.5 12.5 15.0 10.0 90 89 0.8 1.0 
0600 13.0 13.0 14.0 10.5 71 77 1.0 2.5 
0800 14.5 14.5 15.0 11.5 71 77 0.4 1.0 

* Given as maximal ( m sec- 1 ) at each recording. 
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Nest and Egg Measurements 

The hypotheses that clutch size should vary between 

nesting sites according to foraging distance from the coast 

and/or marine productivity was examined by measuring clutch 

parameters at Colupo-Kimurku-Valenzuela and Cerro Negro 

(Figure 3) during the three breeding seasons following the 

1982-83 ENSO (1984-85, 1985-86 and 1986-87, respectively). 

Egg length (L) and diameter (D) measurements were sufficient 

to predict volume (V) from the relation V = 0.476 L D2 

(Harris 1964). The equation was validated empirically in the 

laboratory through comparing water displacement and 

predicted volumes (paired t test; p(t=2.229)>0.05 ; n=7). 

Volume comparisons in the field are preferred to weight 

because differences in development stage and/or water loss 

which may affect mass do not alter volume. 

In two-egg clutches (Table 21), the first laid are 

significantly larger than the second at both 

Colupo-Kimurku-Valenzuela (p(t=5.71)=0.0001; n=65) and Cerro 

Negro (p(t=5.95>=0.0001; n=30). In addition, the first laid 

egg is of lighter color than the second. Differences in 

volume between first and second eggs are the same in both 

nesting sites (p(t=0.807)=0.425) as are the differences 

between first laid (p(t=-0.547)=0.588;n=54) and second laid 

(p( t=-l,. 335 )=0.189; n=41). Eggs from single-egg clutches are 

significantly smaller than the first egg of two-egg clutches 
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(p(t=-4.271)=0.0001), but not the second egg 

(p(t=-0.756)=0.4529). 

Since clutch-size measurements were made in 1984-85, 

1985-86 and 1986-87 breeding seasons, a comparison of mean 

clutch number and relative frequency of single versus 

two-egg clutches with increasing anchovy production post 

ENSO is possible, providing a test for the hypothesis that 

gray gulls "bet hedge' and vary clutch size from 0 to 1 to 2 

according to food availability (= marine productivity). 

Table 22 compares mean clutch sizes and relative frequencies 

for 1984-85 when anchovies were beginning to recover, with 

the post-recovery years of 1985-86-87. The frequency of 

two-egg clutches (0.43) during 1984-85 was significantly 

lower than 1985-86-87 (0.81) at Colupo-Kimurku-Valenzuela 

(0.01>p(X2 =7.79)>0.005). Though the 1984-85 frequency of 

two-egg clutches (0.47) was lower than the 1985-86-87 

frequency (0.66), the difference was not significant 

(0.25>p(X2 =2.003)>0.10) at Cerro Negro. Since clutch size 

frequencies were not significantly different between the two 

nesting site areas (p(X2 =0.051)=0.821 and p(X2 

=2.152)=0.142), for 1984-85 and 1985-86-87, respectively, 

the data were pooled (Table 22). The combined 1984-85 

frequency of two-egg clutches (0.44) is significantly 

different (0.01>p(X2 =7.793)>0.005) from that of 1985-86-87 

(0.71), supporting the hypothesis that clutch size varies 

with marine productivity (i.e., anchovies). 
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TABLE 21 

Volume (cc) of eggs within one and two-egg clutches from 
gray gull Larus modestus nests in the 
Colupo-Kimurku-Valenzuela and Cerro Negro nesting sites. 

Clutch=2 Colupo-Valenzuela 

egg n X SD rain max cv 

I 39 46.60 4.39 

II 26 44.63 3.61 

37.32 56.11 

38.50 53.86 

9.43 

8.09 

Clutch=2 Cerro Negro 

I 15 49.40 3.50 

II 15 46.18 3.53 

40.56 52.94 

40.53 52.16 

7.09 

7.64 

Clutch=l Both sites * 

19 44.41 3.95 37.31 52.17 8.89 

* only one egg from clutches=l was measured at Cerro Negro, 
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TABLE 22 

Comparison of gray gull Larus modestus clutches between 
desert nesting locations (Colupo-Kimurku-Valenzuela ca. 35 
Km inland; Cerro Negro ca. 100 Km inland) and between post 
ENSO years. 

location n X SD 
FREQUENCY 

C=1 % C=2 % 

1984 -85 

C-K-V 21 1.43 0.51 12 57 9 43 

C-N 15 1.47 0.52 8 53 7 47 

pooled 36 1.44 0.50 20 56 16 44 

1985-86 - 1986-87 

C-K-V 31 1.81 0.40 6 19 25 81 

C-N 68 1.66 0.48 23 34 45 66 

pooled 99 1.71 0.46 29 29 70 71 
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Water Vapor Conductance 

Water vapor conductance (GH20) was measured in 11 gray 

gull eggs from Kimurku (2), El Tigre (3) and Cerro Negro (6) 

nesting sites (Figure 3). Table 23 shows the individual and 

mean water loss rates (MH20) and GH20's for eggs from each 

of the three nesting sites, and compares GH20's with 

predictions based on egg weight-GH20 relations determined by 

Ar et al.(1974) and Hoyt (1980). For all eggs empirical 

GH20's were lower than predicted, indicating that gray gull 

eggs lose water at rates lower than similar size eggs of 

other species. Though egg GH20's differ significantly among 

nesting sites (Table 23; Figure 41), decreasing from El 

Tigre to Kimurku to Cerro Negro, they are pooled in Table 24 

and Figure 42 for overall comparison with other larids. 

Since macro- and micrometeorological conditions, and adult 

nest-tending behavior appear similar among Atacama nesting 

sites, the observed differences in GH20 are not expected nor 

can they be explained biologically without further study. 

Regardless, the overall mean GH20 (3.70 mg day-itorr-i ) of 

gray gull eggs is markedly lower than the confidence limit 

determined from published data on nine other larids. Since 

empirical GH20 mean (3.70) is lower than predictions from 

the Ar et al.(1974) and Hoyt (1980) equations (8.99 and 

8.64, respectively), Hypothesis 13 is supported. 
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Figure 41. Cummulative water loss rate MH20 (g day-i ) 

of gray gull Larus modestus eggs. Lines are best fit linear 

regression model of eggs from (a) El Tigre, (b) Kimurku, and 

(c) cerro Negro nesting sites. MH20 slope of Kimurku eggs 

is significantly lower than El Tigre eggs 

(p(t=-23•64)< < 0.0005), but significantly higher 

(0.005>p(t=2.8686)>0.0025) than Cerro Negro eggs. 
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Figure 42. Regression (log-log) model relating water 

vapor conductance (GH20) to weight of seagull Larus spp. 

eggs excluding gray gull Larus modestus (A ). Lines above 

and below regression define 95 percent confidence limits. 

Sources of data for Larus spp. given in Table 24. 
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TABLE 23 

Water loss rate (MH20) and water vapor conductance 
(GH20) of gray gull Larus modestus eggs. 

egg Nesting Initial MH20 (2) GH20 (3) 
# site weight(1) (a) (b) 

1 CN 50.10 0.067 2.82 
2 CN (44.40) (0.185) (7.79) 1 

3 CN 44.17 0.084 3.54 
4 CN 54.82 0.085 3.59 2 

5 CN 44.11 0.052 2.19 2 

6 CN 48.38 0.064 2.70 
7 CN (38.19) (0.300) (12.63) 1 
8 CN 48.63 0.056 2.36 

X 48.37 0.068 2.87 8.89 (bl) 
SD 4.01 0.014 0.58 8.54 (b2) 

1 K , 45.63 0.093 3.91 
2 K 44.25 0.091 3.82 

X 44.94 0.092 3.86 
SD 0.69 0.001 0.06 

1 T 46.92 0.136 5.27 
2 T 42.66 0.138 5.35 
3 T 46.83 0.133 5.15 

X 45.47 0.136 5.26 
SD 2.43 0.002 0.10 

all pooled 49.00 0.091 3.70 8.99 (bl) 
SD 0.032 1.15 8.64 (b2) 

Eggs # 2 and 7 were broken accidentally during 
days of the measurements. they were eliminated 
computations (Dixons' Outliers test P<<0.01) 
were measured for 6 - 7 days. 
(1) g . (2) g day-i (3) 
(a) experimentally determined 
(bl) predicted GH20 from Ar et al.(1974) 

GH20 = 0.432 WQ.^ao 
(b2) predicted GH20 from Hoyt (1980) 

GH20 = 2.32 W0.»7A / 10.73 

the first 
from 

Eggs # 4 and 

mg day-itorr-

GH20. 
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Comparative water vapor conductance (GH20) and egg 
weight among seagulls Larus spp. 

Species egg weight (n;SD) GH20 (n;SD) 

(g) mg day-1torr-i 

Larus glaucescens 98. 20 (21; 1.93) 22. 56 (18;1.00) i 
Larus glaucescens 96. 00 (15; ND ) 23. 10 (15; ND ) 2 

Larus heermanni 53. 40 (11; 2.48) 11. 00 (10;1.89) 2 3 

Larus occidentalis 97. 70 (12; 5.54) 15. 60 ( 9;3.00) 3 

Larus canus 76. 20 ( 8; 4.48) 15. 01 ( 8;2.86) 4 

Larus canus 56. 60 (10; ND ) 14. 00 (10; ND ) 2 

Larus fuscus 84. 90 ( 6; 4.28) 16. 03 ( 6;1.64) 2 4 

Larus argentatus 88. 16 ( 3; 3.97) 16. 54 ( 3;1.93) 4 

Larus argentatus 90. 30 (15; ND ) 16. 40 (15; ND ) 2 

Larus marinus 110. 80 ( 9; 12.07) 16. 74 ( 9;2.66) 4 

Larus marinus 112. 00 ( 6; ND ) 16. 70 ( 6; ND ) 2 

Larus ridibundus 37. 70 (20; ND ) 9. 45 (20; ND ) 2 

Larus tridactyla 50. 50 (11; ND ) 9. 67 (11; ND ) 2 

Larus modestus 49. 00 (10; 0.09) 3. 70 (11;1.15) S 

Sources Morgan et al. (1978) 
Ar and Rahn (1978) 
Rahn and Dawson (1979) 
Ar et al. (1974) 
This study. Summary of 11 eggs from 
different nesting sites. 

ND = no data. 
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Growth Rate 

The hypothesis that growth in gray gulls should be 

slower than other semiprecocial species within the Laridae 

is tested with growth measurements taken on mark-recaptured 

chicks free-ranging in the desert and those held captive in 

the laboratory and aviary. It was not possible to obtain 

data from free-ranging chicks beyond ca. 50 days because of 

their ability to avoid hand-capture. External morphometric 

measures reveal growth allometry among various parts. 

Increase in wing length, which begins as the primary pins 

emerge, is most rapid between 40-70 days and becomes 

asymptotic at ca. 90 days, the age at which fledglings have 

already migrated to the coast (Figure 43). Culmen length 

increases uniformly until reaching the asymptote at ca. 100 

days (Figure 44). Total length (TL) was not measured in 

free-ranging chicks to avoid overstressing them, causing 

hyperthermia and excessive water loss. In captive chicks 

(Figure 45) TL increased uniformly to the asymptote at ca. 

80 days. Tarsus was the fastest, becoming asymptotic at ca. 

50 days (Figures 46 and 47 ). At hatching (<lh) wing, 

culmen, body and tarsus lengths represents 5.1, 42.5, 2.3, 

and 46.7 percent of their respective asymptotic values at 

fledging, demonstrating that culmen (bill) and tarsus are in 

the most advanced condition (Figure 47). Since feeding and 

walking/running are the most important activities for young 
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chicks, their relative hatching size and high growth rates 

are adaptive. 

Growth in weight (AMb) during the first 40 days 

post-hatching is plotted for free-ranging and captive chicks 

and for captive chicks beyond that age in figure 48. 

Between 15 and 50 days growth rates differ significantly 

between free-ranging and captive chicks 

{0.025>p(t=2.077)>0.10). The lower rate in captive chicks 

probably derives from their greater diurnal activity 

associated with being hand-fed and general stress in the 

aviary. Also, captive chicks were active at night (as are 

free-ranging chicks in the desert), especially when adult 

gulls, calling among themselves, flew over the aviary toward 

their desert nesting sites. Figure 49 shows the significant 

relation between chick weight and age (15 - 50 days) in free 

ranging and captive chicks, respectively (R2 =0.863, 

p-0.0001; R2 =0.874, p=0.0001). 

Growth data from captive chicks is used for comparison 

with other species in the Laridae because published values 

are frequently for captive birds (Ricklefs 1973). Using the 

method proposed by Ricklefs (1967), the logistic growth 

model most appropriately describes the gray gull growth 

pattern. From the logistic conversion factor (CF=-0.730 + 

age 0.0222; age in days; R2 =0.994 ; n=12), obtained 

following Ricklefs (1967), the logistic constant, KL, which 



175 

is directly proportional to growth rate is calculated as 

0.0888. Thus, according to the logistic model (Figure 50) 

weight (W) at any age can be calculated as 

314 
W = 

l+e~ 0, 0888 <t-32,6) 

where 314 = asymptotic body weight in grams 

32.6 = Inflection point at the age when chicks reach 50 

percent of the asymptotic weight (also = point 

of maximal growth rate) 

0.0888 = KL 

t = age in days 

To compare gray gulls growth with other species it is 

necessary to convert from the logistic KL to the Gompertz 

KG. Most workers convert growth of altricial and 

semiprecocial species to KG for direct comparison with 

precocial birds whose growth follows the Gompertz equation 

(Ricklefs 1973). Thus, following Ricklefs (1973) the gray 

gull KL=0.0888 becomes KG=0.68 KL=0.0603, allowing for 

direct comparison with other species including those in 

Laridae (Figure 51). According to Ricklefs (1973) KG is 

significantly correlated to asymptotic weight, but with 

different slopes depending on maturity at hatching (or mode 

of development; i.e., precocial - semiprecocial -

semialtricial - altricial). The Laridae is semiprecocial 
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with specific growth rates being correlated to the 

respective asymptotes of each species (Ricklefs 1973). 

Using Ricklefs' (1973) data (asymptote, KG and adult weight) 

for several Laridae (Table 25), the following relation 

obtains : 

KG = 1.928 A" -456 

R2 = 0.977 

p = 0.0001 

Since the objective is to test the hypothesis that L. 

modestus, because of desert nesting and attendant long 

foraging flights should have a lower growth rate than other 

Laridae I omitted it and L. furcatus, another long distance 

forager, from the model. Figure 51 displays the growth rate 

vs. asymptotic weight model for 10 Laridae species with 95 

percent confidence limits. Both L. modestus and L. furcatus 

fall well below their values predicted by the model and 

outside the lower 95 percent confidence limit; supporting 

the hypothesis that gray gulls should have a relatively 

lower growth rate than other semiprecocial Laridae. That L. 

furcatus follows the same pattern lends support to the idea 

that chick growth can be influenced by adult foraging 

distance. 
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Figure 43. Comparative age-specific wing growth in 

captive and free-ranging desert gray gull Larus modestus 

chicks. 
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Figure 44. Comparative age-specific culmen growth in 

captive and free-ranging desert gray gull Larus modestus 

chicks. 
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Figure 45. Age-specific total body length increase in 

captive gray gull Larus modestus chicks. 
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Figure 46. Comparative age-specific tarsus growth in 

captive and free-ranging desert gray gull Larus modestus 

chicks. 



184 

• • 

A*. 
• • 

• • • 

• • 

: r 
•* *• 

. w . • 

\ 

• •§ 
'-'Pi 

I 

o> 
c 

5 ) 

> 2 

S . ® 
2 " ® CO i_ 

O I L 

" W # . x 
- V I 

X* •• .XX 
• j f V X 

• X * . 

O 
O) 

o 
LO 

(/> 
> 
< 
Q 

HI 
<D < 

J-
o in 

± o 
CO 

• — 

( I U U I ) H 1 0 N 3 1 s n s a v i 



185 

Figure 47. Increase in morphometric measures of wing, 

culmen, tarsus and total length, and body weight of captive 

gray gulls Larus modestus chicks as cummulative percentage 

of their respective asymptotic values. 
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Figure 48. Comparative age -specific body weight in 

captive and free-ranging growing gray gulls Larus modestus 

chicks. 
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Figure 49. Comparative age-specific growth rates in gray 

gulls Larus modestus chicks, held captive in the aviary at 

the University of Antofagasta and free-ranging on the desert 

nesting sites. 
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Figure 50. Logistic growth model for gray gulls Larus 

modestus. 
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Figure 51. Regression (log-log) model of Gompertz growth 

constants (KG; growth rate) of several Laridae species, 

excluding Larus modestus and Larus furcatus. Data were 

taken from Ricklefs (1973), except that for Larus modestus 

which was determined in this study. Dashed lines represent 

upper and lower 95 percent confidence limits of the 

regression model. Empirical values below this range (Larus 

modestus and Larus furcatus) are significantly lower than 

predicted values from the model (indicated as closed 

symbols). 
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TABLE 25 

Growth rate (KG), asymptotic weight of chicks and adult 
weight of several species of Laridae (semiprecocial), based 
on data taken from Ricklefs (1973). 

species asymptote 
(g) 

growth rate 
(KG) 

adult weight 
(g) 

Larus glaucescens 885 0.091 900 
Larus argentatus 1080 0.070 1012 
Larus fuscus 1650 0.064 1600 

850 0.099 854 
Larus marinus 1650 0.069 1659 
Larus canus 400 0.130 404 
Larus occidentalis 900 0.080 900 
Larus tridactyla 380 0.139 407 
Larus furcatus 660 0.063 690 
Sterna paradisaea 105 0.230 105 
Sterna hirundo 130 0.204 125 
Sterna sandvicensis 180 0.175 237 

Larus modestus * 315 0.060 360 

Species with more than one observation are referred in 
Ricklefs (1973) as from several sources. 

* data for Larus modestus were determined in this study. 
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Net Metabolizable Efficiency (NMEf). 

Net metabolized energy (NME) and NMEf of gray gulls were 

studied by four controlled feeding experiments using 

cabinzas (Isacia conceptionis), sardines (Sardinops sagax), 

sand crabs (Emerita analoga) and anchovies (Engraulis 

ringens). Three experiments were conducted in the aviary in 

which groups of three adult gulls were fed cabinzas, sand 

crabs and sardines (Tables 26, 27 and 28, respectively) for 

10 days. Though experimental gulls were individually 

hand-fed quantitatively, their guano (feces + uric acid) and 

regurgitated pellets of non-assimilated material (scales, 

bones, shell fragments and some tissue) were not 

individualized. Thus, statistical comparisons among food 

types are not appropriate. The NMEf for cabinzas, sardines 

and sand crabs was 0.813, 0.812 and 0.802, respectively. 

Regurgitated pellets were produced only with cabinzas and 

sand crabs, representing 93 and 34 percent, respectively of 

the gulls' daily energy intake. Based on total wet mass, 

gulls consumed nearly equal weights of sand crabs (115.83 g) 

and sardines (114.60 g), extracting approximately the same 

NME (484.385 and 480.804 KJ day-*, respectively). The 

equivalence is explained by differences in water content 

between the food types. Sardines and sand crabs are natural 

components of gray gulls' diet whereas only cabinzas remains 

on beaches are occasionally eaten by gray gulls. 
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During feeding experiments gulls were active, 

interacting often aggressively during feeding among 

themselves, walking, becoming airborne and swimming in the 

small pools in each section of the aviary (12.3 m2 x 3 m 

height). These activities raised energy expenditure above 

their existence metabolism (EM), defined by Kendeigh et 

al.(1977) as the energy requirements for SMR, some 

locomotion and thermoregulation. The observed NME, averaged 

over the three groups (K ± SD = 498.061 ± 26.849 KJ day -i 

n=3) is 224 percent higher than the EM (222.47 KJ day-* ) 

based on the equation EM = 4.55 Mb 0. 6 6 4 from Kendeigh et 

al. (1977), presumably accounting for activities in the 

aviary above those included within EM. 

The experiment with 11 chicks, individually confined to 

cages (50 x 37 x 31 cm) and fed anchovies enabled 

calculations of variability in NMEf on a given diet of 

natural food. The chicks, aged 30 - 100 days with body mass 

(Mb) of 139 - 371 g, grew an average of 16.2 g (SD = 11.4 g 

; range= 0 - 13 g; n=ll) during the 5-day experiment (3.24 g 

day-i ). Mean NMEf for chicks was 0.684 (SD= 0.049; n=ll), 

calculated from individual values (Table 29) and 0.686 in 

Table 30 when calculated from mean anergy flux values. 

Under the restricted caged conditions NME included EM plus 

energy devoted to growth. Based on the equation from 

Kendeigh et al.(1977), EM is predicted as 184.2 KJ day-i 
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(SD= 30.195). The NME/EM (246.128/184.2 KJ day-i ) ratio is 

1.34 (SD= 0.417; n=ll; Table 31), indicating that 34 percent 

of NME was going to growth. 

Figure 52, which shows that NME is independent of body 

mass (p=0.990), also compares empirically-determined NME 

with existence metabolic rate (EMR) and SMR predicted from 

equations of Kendeigh et al.(1977), and Lasiewski and Dawson 

(1967), respectively. Differences between NME and EMR 

represent costs of growth, which decrease asymptotically as 

chicks approached fledgling size. 

Figure 53 shows a significant relation (R2 = 0.557; p= 

0.0081) between NMEf and body mass. There was no significant 

relation (p= 0.4684) between NMEf and growth rate (AMb). 
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Figure 52. Comparison of net metabolized energy (NME) 

experimentally obtained for caged gray gull Larus modestus 

chicks and existence metabolic rate (EMR) predicted from 

EMR =4.55 Mbo.66 4 (Kendeigh et al. 1977). Dashed line 

represents standard metabolic rate (SMR) predicted from 

SMR = 327.8 Mb0.723 (Lasiewski and Dawson 1967). 
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Figure 53. Relation of net metabolizable efficiency 

(NMEf) of growing gray gull Larus modestus chicks, to body 

mass (Mb). 
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TABLE 26 

Net metabolized energy (NME) and net metabolizable 
efficiency (NMEf) of three gray gulls Larus modestus fed a 
diet of cabinza Isacia conceptionis for 10 days. 

MASS energy energy 
wet dry density flux 

g gull-iday-i KJ g-i KJ gull-iday-i 

INTAKEi 127.2 31. 80 20 .451 (0, .18) 650 .342 

GUANO2 13. 20 8, .736 (0. .23) 115 .315 

PELLETS3 0. 73 8. ,263 (0. ,38) 6, .032 

NME = 528. ,995 

NMEf = ( o. 813 ) 

mass change rate (% day-i ) x= =+1.42 1 : (n=3; SD=0 . 62) 

— . „ w*. vjvt-uj-.a A.ou Jiui x u u a y a . 
2 feces + uric acid 
3 non-assimilated regurgitated bones, and some tissue, 
energy density is given as X ± (SD) 
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TABLE 27 

Net metabolized energy (NME) and net metabolizable 
efficiency (NMEf) of the gray gull Larus modestus fed a diet 
of sand crab Emerita analoga for 10 days. 

MASS energy energy 
wet dry density flux 

g gull" 1 day-1 KJ g-i KJ gull-i day-1 

INTAKEi 115, ,83 (11. 2) 38. 61 (3 .7) 15.648 (0 .19) 604, .169 

GUANO2 15. 60 (2 • 1) 7.548 (0, .39) 117, .749 

PELLETS 3 0. 38 (0 • 1) 5.355 (0. .08) 2. ,035 

NME 484. 385 

NMEf (0. 802) 

mass change rate (% day-i ) X = =+0. 6 % day - I (n=6 SD=C 1.78) 

_ — -A. WV-*. M w A. y V 4 . J - J . i 3 ^ d U - J . 1 
2 feces + uric acid 
3 hon-assimilated regurgitated shell and some tissue 
energy density is given as X ± (SD) 
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TABLE 28 

Net metabolized energy (NME) and net metabolizable 
efficiency {NMEf) of three gray gulls Larus modestus fed a 
diet of sardines Sardinops sagax for 10 days. 

wet 
MASS 

dry 
energy 
density 

energy 
flux 

g gull-iday-i KJ g-i KJ gull-i day-* 

INTAKEi 114.60 28.65 20.669 (0. 11) 592 .167 

GUANO2 12.99 8.573 (0. 22) 111 .363 

PELLETS3 0 0 

NME 480 .804 

NMEf (0 .812) 

mass change rate (% day-i ) X=+0.77 (n=3; SD=0 .78) 

2 feces + uric acid 
3 gulls did not produce pellets with this diet, 
energy density is given as X ± SD. 
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TABLE 29 

Net metabolizable efficiency (NMEf) of growing gray-
gull Larus modestus chicks (age 30 - 100 days) fed anchovies 
Engraulis ringens for 5 days. 

gull Mb dry mass energy(4) energy 
ID (1) density flux NMEf 

# g g day-i KJ g-i KJ day-i 

49 301-306 intake(2) 29, .23 17 .815 (0 .23) 520 .732 
(5) guano(3) 14. .18 9 .794 (0 .09) 138 .879 0 .733 

69 248-251 intake 21. ,54 17 .815 (0 .23) 383 .735 
(3) guano 11. 43 9 .677 (0 .40) 110 .608 0 .712 

83 186-201 intake 20. 55 17 .815 (0 .23) 366 .098 
(15) guano 10. 04 10 .367 (0 .08) 104 .085 0 .716 

84 136-141 intake 18. 57 17 .815 (0 .23) 330 .824 
(5) guano 7. 90 10 .229 (0 .23) 80 .809 0 .756 

41 231-256 intake 14. 23 17 .815 (0 .23) 253 .507 
(25) guano 7. 49 10 .397 (0 .51) 77 .873 0 .693 

58 271-301 intake 23. 41 17 .815 (0 .23) 417 .049 
(30) guano 11. 76 10 .862 (0 .21) 127 .737 0 .694 

52 241-266 intake 18. 02 17 .815 (0 .23) 324 .233 
(25) guano 9. 06 10 .870 (0 .21) 98 .482 0 .696 

43 356-386 intake 23. 08 17 .815 (0 .23) 411 .170 
(30) guano 12. 74 12 .177 (0 .15) 154, .371 0 .625 

49 306-301 intake 14. 29 17 .815 (0 .23) 254, .576 
(-5) guano 7. 95 11 .874 (0 .29) 94, .398 0 .629 

58 316-331 intake 17. 58 17 .815 (0 .23) 313, .188 
(15) guano 10. 64 11 .895 (0 .08) 126. .563 0 , .596 

69 241-266 intake 20. 60 17, .815 (0, .23) 366. .989 
(25) guano 11. 16 10, .832 (0, .18) 120. .885 0 . .671 

- .. . — n»ll 
(1) biomass change or growth during experiment 
(2) mean daily food intake during 5 days 
(3) combined feces + urine 
(4) energy density anchovies: n=12; guano n=3; both: X (SE) 
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TABLE 30 

Existence metabolism (EM) and net metabolized energy 
(NME) compared in growing gray gull Larus modestus chicks 
(age 30 - 100 days). 

Mb NME EM( 1) 
(g) KJ day-i KJ day-i NME/EM(1) 

303 381.853 202.157 1.889 
250 273.127 177.928 1.535 
194 262.013 150.353 1.743 
139 250.015 120.496 2.075 
244 175.634 175.081 1.003 
286 289.312 194.553 1.487 
254 225.751 179.813 1.255 
371 256.799 231.247 1.100 
306(2) 160.178 203.484 0.787 
324 186.625 211.355 0.883 
254 246.104 179.813 1.369 

X 265.9 246.128 184.207 1.376 
SD 63.3 61.408 30.195 0.417 

(1) EM = 4.55 Mbo.6A4 (Kendeigh 1977) 
(2) chick #43 lost weight during experiment(see table 29) 
Mb = body mass (g) 
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TABLE 31 

Net metabolized energy (NME) and net metabolizable 
efficiency (NMEf) of 11 growing gray gull Larus modestus 
chicks summarized from Table 29. 

dry mass 
energy 
density 

energy 
flux 

g gull-iday-i KJ g-i KJ gull-iday-1 

INTAKE 20.10 (1.30) 17.815 (0 .23) 358.081 

GUANO 10.39 (0.65) 10.810 (0 .25) 112.316 

PELLETS 0 0 

NME 245.765 

NMEf (0.686) 

mass change rate (% day-i ) X = +1.25 (n=ll; SE=1.36) 

Guano= feces + uric acid. 
Fellets= chicks__did not produce pellet with this diet. 
All values are X (SE); energy density determinations n=4. 



CHAPTER V 

DISCUSSION 

Life History Patterns 

It is axiomatic that animals have finite time and energy 

budgets which restrict apportionment of both among 

activities associated with somatic maintenance and 

reproduction. The seminal question concerning that 

apportionment was posed by Fisher (1930) and has stimulated 

several decades of life history theory and research. 

Basically,, evolution of life history patterns of resource 

allocation represent adaptive suites of chronological 

trade-offs which reflect contemporary and/or evolutionary 

historical ambient conditions. Principally, spatial 

distribution and abundance, and frequency of temporal 

occurrence of resources are the selectional drives. For 

gray gulls, which exist in a stringent desert environment, 

principal evolutionary drives are climatic conditions, 

marine productivity, intrageneric competition and predation. 

Thus, gray gulls should synchronize their migration, molting 

and reproduction according to the most-favorable conditions 

as to minimize cost/benefits of nesting in the Atacama 

Desert. Figure 54 relates migration, molting, gonadal 

development, lipid storage and nesting-breeding in gray 
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gulls to photoperiod, marine productivity and presence of 

congeneric competitors. Desert nesting and long daily 

foraging flights are expensive reproductive activities. 

Incubation lasts for 30 days (Howell et al. 1974) and 

hatchlings require constant parental attendance for 5 - 7 

days, necessitating breeding pairs to alternate nest-tending 

duties for 35 - 37 days. Since fledging takes 60 - 70 days, 

both adults must then make daily foraging flights for over 2 

months. Considering pre-nesting flights during the early 

spring (July - September) for territorial, courtship, etc. 

activities, breeding pairs routinely make daily flights for 

ca. 70 days before incubation, ca. 40 days of commuting 

flights during incubation and 5 - 7 days after egg hatching, 

plus ca. 60 days from hatching to fledging. Additionally, 

new fledglings are attended and fed by the adults on the 

beaches for another 1-2 months, while fledglings gradually 

aquire enough experience to feed by themselves. Thus, from 

laying to independence adults actively tend their offspring 

for ca. 4 months, precluding production of more than one 

clutch per breeding season. Reduced clutch size (Howell et 

al. 1974) (< three in most sea gulls; see Hypothesis 12) and 

low chick growth rate (see Hypothesis 14) further suggest 

costly reproduction for gray gulls. 
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Figure 54. Relation of several key life history 

activities to marine productivity and photoperiod in gray 

gulls Larus modestus in northern Chile. 
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Since reproduction is energy demanding, it should highly 

environmentally synchronized (see Baker 1938; Immelman 

1977), triggered by one or more environmental cues which 

allow gray gulls to minimize the cost/benefit; ratio of 

reproduction in the Atacama. Gray gulls begin to congregate 

on the northern Chilean coast in July when photoperiod 

begins to increase from the austral winter minimum. 

Photoperiod is the proximal cue which triggers gonad 

maturation (Cikutovic et al. 1987), molting of the head to 

white (which distinguishes adults from juveniles), and 

courtship, pair formation and desert flights to establish 

nesting territories as early as August-September. 

Since gray gulls can obtain food only from the sea, 

their reproductive pattern does not follow that of the 

desert-nesting ostrich (Strutio camelus) or the sand-grouse 

(Pterocles namagua) which nest in the Namib during the 

summer and winter, respectively (Louw and Seely 1982). The 

ostrich's reproductive cycle is triggered by early rainfall, 

enabling it to take advantage of the resultant ephemeral and 

perennial grass production. Reproduction in the sand-grouse 

is triggered by decreasing photoperiod which signals 

decreasing desert temperatures and presence of seeds 

scattered on the ground. In contrast, the cape cormorant 

(Phalacrocorax capensis) which exists on the Namib coast 

(Berry et al. 1979) and experiences similar climatic and 
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oceanographic conditions to those in northern Chile, 

synchronize its reproduction to oceanographical conditions. 

In August - September, the south-westerly winds enhance the 

upwelling system bringing phosphates and nitrates to the 

photic zone resulting in phytoplankton and zooplankton 

blooms from September through October. During that period 

fish increase in quantity and nutritive quality, providing 

improved diets for marine birds. As with gray gulls, 

gonadal development, and increase in body mass and lipids in 

cape cormorants coincide with marine productivity (Berry et 

al. 1979). 

Additionaly to increased marine productivity, sympatric 

congeners which are the strongest competitors of gray gulls 

for food, migrate northward (band-tailed gull) and 

southward (kelp gull) for reproduction during the same 

period (Tovar 1968; Goodall et al. 1945; Harrison 1983). 

Reduced competition increases food availability and lowers 

costs to obtain it for gray gulls. 

Though earlier workers report the range of gray gulls is 

from southern Chile (40 0 S Lat.) to Gorgona, Colombia (3 0 

N Lat.) (Housse 1945; Goodall et al. 1945; Howell et al. 

1974; Harrison 1983), none comment on their migrational 

pattern which coincides with marine productivity and reduced 

density of competitive congeners. 
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Molting also is synchronized tightly to replace wing 

feathers immediately after nesting when they are in the 

poorest condition from wind-blown sand abrassion and before 

migration while food is still abundant. Molting during 

desert flights would conflict energetically by compromizing 

energy to reproduction and reducing flight efficiency. 

Thus, the optimal time to molt wing feathers is between 

breeding-nesting and winter migration when only energy for 

somatic maintenance is required. 

Effects of El Nino Southern Oscillation 

Influence of ENSO on Pacific seabirds is well known, but 

none report detailed quantitative data relating alterations 

in key life history and physiological parameters to ENSO's 

effects on marine productivity. Most papers are 

observational or demographic, reporting on reproductive 

failure by abandonment of eggs or chicks (Boersma 1977; 

Jordan and Fuentes 1966; Schreiber and Schreiber 1983, 1984; 

Tov'ar and Cabrera 1985; Arntz 1986), unusually early 

maturation (Gibbs et al. 1984) and variation in selection 

intensity between ENSO and non-ENSO years on morphology 

(Seger 1987). Since comparison of gray gulls with other 

seabirds is not possible, its reproductive response to the 

1982-83 ENSO may be discussed in terms of its own 

adaptations within the contemporary theory of bet hedging 

(Stearns 1976). 
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ENSO results from an anomalous change in the atmosphere 

pressure oscillation pattern over the southern Pacific which 

alters the surface wind pattern (see Rasmusson 1985) and 

generates a Kelvin wave which crosses the Pacific in a NW-SE 

direction. The Kelvin wave in conjunction with decreased 

southwesterly winds increases surface water temperature, 

decreases oxygen concentration and weakens the upwelling 

system along the coast of South America, reducing marine 

productivity and altering the composition of marine 

communities through mortality, emigration and immigration of 

exotic fauna (Arntz 1986). ENSO's occurrence, which averages 

7 y (range= 2 - 1 0 ; Rasmusson and Carpenter 1982), with the 

attendant low productivity and reduced densities of fish 

apparently has had profound influence on the evolution of 

the life history and reproductive strategy of gray gulls. 

Being on a restrictive, but costly energy budget in 

which adult as well as offspring survival is tightly 

governed by marine productivity, principally anchovies and 

beach crabs, gray gull's reproductive committment must 

ultimately be legislated by food availability. Since food 

availability varies greatly between normal years when the 

Pacific upwelling is undisturbed and severe ENSO years, a 

bet hedging strategy (Stearns 1976) 'assesses' potential 

juvenile survivorship in terms of parental committment and 

attendant survivorship. During the severe 1982-83 ENSO and 
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following year when anchovies were in low numbers and 

sandcrabs were reported to be scarce (Arntz pers. com.)/ 

gray gulls responded by not reproducing, whereas other 

Pacific seabirds lost their reproductive committment 

(Schreiber and Schreiber 1983, 1984) and in some cases 

suffered adult mortality (Arntz 1986; Tovar and Cabrera 

1985). Stability of adult body condition throughout the 

ENSO-impacted years and no observed adult mortality attest 

to the efficacy of their strategy not to attempt 

reproduction when energy resources are low. Comparison of 

average clutch size through time (Howell et al. 1974; this 

study) suggests that gray gulls produce zero, one or two 

offsprings depending on resources (see below, discussion of 

Hypothesis 12). 

Proximally or mechanistically, gray gulls are stimulated 

to congregate in northern Chile, molt their heads, mature 

gonads, engage in courtship, initiate desert flights and 

reproduce by photoperiod. However, I propose that the 

photoperiod-driven pattern is overidden by food availability 

in such a way as to result in levels of reproductive effort 

from zero to one to two offspring. Perhaps gray gulls have 

thresholds of energy gained per day which legislate their 

reproductive commitment such as to maximize overall 

life-time reproductive success. Though several temperate 

zone passerines are known to vary their clutch size 
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according to their resource environment (Cody 1966; Lack 

1968) and long-lived birds such as pomarine jaeger 

(Stercorarius pomarinus) either reproduce or do not in 

response to their resources (Pitelka et al. 1955), I believe 

that this is the first report of gulls or seabirds in 

general, varying their reproductive committment by tracking 

environmental energy resources. 

Schedule of Foraging Flights 

Gray gulls appear to schedule daily foraging flights 

according to three major environmental factors: (1) wind 

patterns and thermals; (2) food availability; and (3) 

predator avoidance. Figure 24 graphically illustrates daily 

wind patterns on the coast and at the desert nesting sites, 

and timing of gray gulls* flights to and from the desert. 

They congregate in large flocks over the coast before sunset 

when coastal winds have diminished and differential 

atmospheric pressure above the sea and desert generates 

ascending warm air masses or thermals at the coast. Gray 

gulls use those to efficiently gain altitude (>1000 m) 

necessary to cross the coastal mountains (Figure 4). Since 

the gulls alternate flapping and gliding during their spiral 

ascent, thermals must reduce energy requirements of gaining 

altitude in still air, which occurs post sunset as they fly 

inland. Figure 24 shows that winds are virtually 

non-existent during their desert flights, which require an 
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average of 2 h 11 min of active flapping to reach Cerro 

Negro. Departure from the desert at ca. 0400 h occurs when 

there are still NE-E winds which aid gulls as they return to 

the coast, reducing energy costs of flight and decreasing 

the average time to cover the same distance (1 h 23 min). 

Energetics of foraging flights are discussed below. 

Food availability (fish) is highest in the early morning 

hours after gulls return to the coast. Nocturnal vertical 

migration of plankton which extends into the early morning 

results in surface congregation of filter feeding sardines 

and anchovies, the principal prey fish of gray gulls. Since 

gulls are visual predators, early morning light hours (0500 

- 0900 h) are the optimal for their fishing and perhaps 

better for gray gulls due to their ability to see at low 

level of light (Howell et al. 1945). Most seabirds, sea 

lions and fishermen coincide their fishing with the daily 

migration cycle of plankton and fish. Also, luminescent 

organisms are often aids to fishermen and other predators in 

the detection of schools of fish by showing their presence 

when exited by fish movements. 

Return to the desert at dark reduces chances of being 

tracked by raptor predators, principally turkey vultures and 

some falcons. Turkey vultures, which are common along the 

northern coast of Chile, are important potential predators 

on eggs and nestlings. However, at the time gray gulls head 
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for the desert, turkey vultures have returned to their 

nocturnal roosts. Nest site predation is discussed further 

below, in the context of Hypothesis 15. 

Energy Metabolism 

Hypotheses that gray gulls should have lower SMR and 

higher tolerance of hyperthermia (8 and 9, respectively) 

than other birds are supported by the results, but not 

Hypothesis 7 that their TNZ should be wider. Metabolic 

rates (MR) on either side of the TNZ increase in 

homeotherms, with the exception of those which become 

torpid, and maintain both lower tb and MR. Patterns of MR 

outside TNZ may relate to ontogeny and/or environment of 

homeotherms. Palokangas and Hissa (1971) reported that 

significant differences in MR/ta slopes below TNZ between 

two age classes of black-headed gull L. ridibundus chicks 

results from differences in integumental insulation which 

alters the surface-mass/heat loss relation. Bartholomew and 

Dawson (1952) suggested that small western gull L. 

occidentalis nestlings may compensate for their relatively 

large surface area by huddling together. A dramatic example 

of this behavior is known for emperor penguin chicks which 

grow in the Antarctica (Schmidt-Nielsen 1985). According to 

Kleiber and Winchester (1933; cited in Bartholomew and 

Dawson 1952) such behavior could reduce MR by up to 15 

percent. Gray gull nestlings from two-egg clutches have the 

same behavior. 
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Since most of the MR/ta studies on gulls are with new 

hatchlings (e.g., Dawson et al. 1976; Dawson and Bennett 

1982) which are more ectothermic than homeothermic, direct 

comparisons with gray gulls used here are not appropriate. 

To understand the MR/ta pattern it is important to 

understand field conditions under which gray gull chicks 

exist. They are fed by one or both parents between 2400 and 

0400 h, and consequently are active with high MRs during 

those hours. After the adults depart (ca. 0400 h) until 0700 

h the lowest ta's occur. Thus, chicks are left to 

thermoregulate, which they do by huddling and/or seeking 

shelter next to rocks or within dry channels, from the cold 

Andean winds. Also, post-feeding heat increment associated 

with digestion and specific dynamic action (SDA; Lustick 

1984) should increase tb, which is an advantage for 

thermoregulation in cold hours. V02 in gray gull chicks is 

1.91 (SD=0.04; n=3) and 1.31 (SD=0.02; n»3) higher at 1 and 

3 h, respectively after feeding than prior to feeding. 

Moreover, gray gull chicks' tb drop significantly below 

ta=14 C (Figures 30 - 32) indicating their ability to reduce 

the thermal gradient between tb and ta and concomitant heat 

loss. Under experimental conditions where SDA and muscular 

activity are controlled, the MR increase in gray gulls below 

the TNZ is higher than California gulls (L. californicus) 

studied by Chappell et al. (1984). They reported that MR at 
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ta=6-10 C was 1.6 - 2.0 SMR, whereas at ta=8 C gray gulls' 

MR is 3.89 SMR. The difference between these species 

supports my contention that nocturnal activity in gray gull 

chicks associated with feeding by adults accounts for their 

elevated MR at low ta's. Additionally, high nocturnal 

activity when ta is low may partially explain the narrow TNZ 

(26-28 to 32 C) relative to other desert nesting birds (33 -

39 C in western plumed pigeon Lophophaps ferruginosa , 

Dawson and Bennett 1973; as low as 20 C in California gulls 

at Mono Lake; Chappell et al. 1984). 

Hyperthermia in gray gulls, which begins at ta 29 C, 

appears to be an important physiological tactic enabling 

them to minimize both water and energy loss by reducing the 

tb-ta gradient even below their upper TNZ limit (32 C). 

Chappell et al. (1984) reported that chicks (70 - 500 g) of 

California gulls, which also nest in a desert environment at 

Mono Lake, maintain tb of 40.1 C at ta 20 - 30 C, but when 

held for 1 h above ta 39 C their tb went to 42.3 C. At a 

maximal tolerable ta of 39 - 41 C, one chick (400 g) 

experienced ta of 44.2 C, but was quite stressed, panting 

and attempting escape. Similar behavior occurs in gray 

gulls at ta 37 - 40 C. Since Chappell et al (1984) did not 

present a tb/ta plot, it is not possible to compare those 

responses between California and gray gulls (Figures 30 -

32). Dawson et al. (1976) show that chicks (34.6 g; 
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SD=4.0) of ring billed gulls L. delawarensis are able to 

maintain tb of 39 - 40 C at ta 35 C. At the same ta gray 

gull chicks (200 - 400 g) have tb of 41 - 42 C. Comparison 

of tb/ta plots shows that the tb=ta line is intercepted at 

40 - 43 C (Figure 2 in Dawson et al. 1976) whereas gray gull 

chicks' tb reached 44 C at lower ta, 38 - 40 C. In 

desert-inhabiting western plumed pigeon Lophophaps 

ferruginea, the tb=ta line is intercepted by tb/ta plot at 

40 - 41 C (Figure 1 in Dawson and Bennett 1973). The major 

difference between the desert environments of gray gulls, 

and desert inhabiting western gulls and western plumed 

pigeons is availability of water. 

Both gray gulls and western plumed pigeons possess 

several similar physiological and behavioral adaptations for 

existence in the desert of Chile and Australia, 

respectively. The SMR of western plumed pigeon is 71 

percent of that predicted for birds of their size from the 

equation of Ashoff and Pohl (1970) during inactivity (Dawson 

and Bennett 1973). Dawson and Bennett (1973) state that low 

SMR minimizes food requirements in a low productivity desert 

environment. Though the foraging area for gray gulls is 

highly productive, the opportunity for feeding chicks is 

restricted to once per day. Low SMR reduces both 

evaporative water loss and heat production, adaptive in hot 

dry environments (Dawson and Bennett 1973). SMRs in gray 
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gulls does not differ (Paired t test p(t=-0.09) = 0.925; 

n=22) from predictions from the Lasiewski and Dawson (1967) 

equation for non-passerines. However, as Ellis (1984) 

points out, seabirds have SMRs higher than predicted by that 

equation, unless they are subtropical-tropical nesters 

and/or dark in color. Using published data, Ellis (1984) 

developed an equation for seabirds (SMR=381.8 M 0. 7 2* ; KJ 

day-i ; M=kg) which shows a similar parallel allometric 

relation between body mass and SMR (i.e., similar slope) to 

that for non-passerines but more elevated (i.e., higher 

intercept). SMRs for 200 - 400 g gray gulls predicted from 

that equation, are significantly higher (One-tailed Paired t 

test 0.01>p(t=2.73)>0.005; n=22) from the empirically -

determined SMRs. Mean SMR for those two weight/age classes 

are 83.7 and 91.5 percent of the predicted SMRs from Ellis' 

(1984) equation for seabirds. 

Ellis (1984) suggests that climate is the reason why SMR 

of seabirds deviates from expected values from the Lasiewski 

and Dawson (1967) equation for non-passerines. He found a 

significant correlation between the percentage departure of 

seabirds SMR from that predicted and degrees of latitude 

where the seabird nests (percent predicted SMR= 2.02 lat + 

52.3). Using that equation, gray gulls nesting at Cerro 

Negro (23 0 40 1 S lat) are predicted to have SMR 100.1 

percent that derived from the Lasiewski and Dawson (1967) 
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equation, which accords with experimental SMR. Thus, 

supporting Hypothesis 8 which predicts that gray gulls as 

subtropical nesters should have lower SMR compared with 

other seabirds. 

Thermoregulatory Behavior 

Postural behavior is an effective thermoregulatory 

mechanism employed by numerous birds (e.g., Drent 1967; 

Lustick et al. 1978; Bartholomew and Dawson 1979). 

Bartholomew and Dawson (1979) found a significant 

correlation between Thermoregulatory Index and ground 

temperature in Heermann's gulls. They defined a series of 

postural accommodations and behavior which can indicate the 

thermal relation between a bird and its environment. Since 

Heermann's gulls resemble gray gulls in size and color 

(Howell et al 1974; Bartholomew and Dawson 1979; personal 

observations in California), their model should be roughly 

comparable to one for gray gulls. Unfortunately, sparse 

distribution of gray gull nests in the study area makes it 

extremely difficult to conduct a field study similar to that 

of Bartholomew and Dawson (1979) on the large Isla Raza 

colony of Heermann's gulls. Observations of 

thermoregulatory behavior in the aviary correspond to those 

reported for Heermann's gulls. 

Non quantitative observations show that gray gulls on 

the beach, at nesting sites and in the aviary during early 
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morning sit with their bill under scapular feathers,oriented 

towards the cool-dry NE-E winds. This behavior enables 

maximal heat retention by covering non-feathered body parts 

(bill, legs and feet). As ta-tb gradient decreases gulls 

expose their bill, legs and feet which act as thermal 

windows increasing endogenous heat loss. In the aviary and 

desert, non-incubating gulls stand on rocks as ground 

temperature increases to maximal values (pers. obser.; 

Howell et al. 1974). This behavior, not reported for 

Heermann's gulls, allows gulls to partially escape the high 

ground temperature and cool convectively in the SW winds. I 

did not observe gray gulls in the aviary to elevate feathers 

or droop their wings as reported for Heermann's gulls and 

observed on incubating gray gulls in the desert (Howell et 

al. 1974; pers. obser.). Incubating gray gulls do not leave 

their eggs to stand on rocks. Such behavior would expose 

eggs, which are in scrapes away from rocks (see Figure 38), 

to lethal solar heat radiation and ground temperature. 

Thus, incubating gulls must use feather errection, wing 

drooping and other more expensive mechanisms than 

non-incubating gulls. According to Walsberg et al.(1978) 

errected feathers, especially dark feathers transmit a 

reduced heat load to the skin. 

Though gray gulls demonstrate similar behavior to 

Heermann's gulls, further nest site studies are necessary to 
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enable quantitative comparisons between these two ecological 

or desert equivalents as well as with other species. 

Experimental observations comparing TRI in the chamber 

suggest that gray gulls have more physiological adaptations, 

including low SMR and hyperthermia tolerance than sympatric 

band-tailed gulls which do not nest in the inner desert of 

the Atacama. 

Use of Micrometeorological Conditions 

Microenvironmental conditions principally wind and solar 

radiation, differ between incubation scrapes and chick 

refuges. For example, during the hottest time of day ground 

temperature (which follows solar radiation) and wind 

velocity differed considerably between a nest scrape (44.5 

C; 11.2 m sec-* ) and dry channel chick refuge (35.5 C; 6.1 

m sec-1 ). A logical question is why do not adults incubate 

eggs next to rocks or within dry channels ? Though more 

information is needed, I hypothesize that body size 

precludes adults from taking advantage of the microclimate 

associated with small rocks or dry channels used by chicks. 

Also, they have dark feathers and the ability to move them 

(with raquis), which is not the case with chicks. Chicks 

have light-colored down without raquis nor associated 

movement, therefore, with fixed heat conductance, which 

combined with small size, renders them less homeothermic and 

unable to thermoregulate as do adults. Their light color. 
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not effective for reducing heat loading is perhaps a 

trade-off associated with cryptic for potential predator 

avoidance. 

Eggs and Clutch Size 

Observation that eggs from two-egg clutches differ in 

size and color, accords with Howell et al.(1974). However, 

significant difference between single-clutch eggs and the 

first-laid egg in two-egg clutches was not observed by 

Howell et al. (1974). The smaller single-egg clutches 

generally appear late in the breeding/nesting season, 

perhaps laid by young females during their first 

reproductive season and/or old females. The smaller 

second-laid egg may result from energy limitations or to 

insure that hatching occurs at the same time. The second 

egg is laid some days (not quantified in this study) after 

the first and would hatch a similar number of days later if 

they were of the same size. Incubation and development time 

are related to egg size in birds (Rahn and Ar 1974). 

Coordinated hatching is important in the Atacama, first for 

the difficulty of simultaneously feeding and incubating 

during night time when temperature drops and second, because 

delayed self-thermoregulation of one chick related to the 

larger chick will delay the time when both adults are freed 

to made desert-coast foraging flights. 
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The average weight of gray gull eggs represents ca. 14 

percent of adult female body weight, a relatively low value 

for birds (Lack 1967), but corresponding to that of long 

distance off-shore foragers. Howell et al. (1974) report a 

similar value for gray gulls and suggest it results from the 

limited amount of energy available for reproduction due to 

nesting within the Atacama and attendant foraging flights. 

Most gulls have clutches of 3 (Howell et al. 1974), and only 

a few laid two-egg clutches (Rahn et al.1984). Among gulls 

with reduced clutch size is the long distance forager L. 

furcatus which has a single egg (Lack 1967). 

Though Howell et al.(1974) found 1 percent of nests with 

three eggs, I never observed a single-clutch nest. Clutch 

size varying with food availability was suspected when after 

2 y of non reproductive commitment during ENSO, gray gull 

reinitiated their reproduction in 1984-85 when anchovies 

were recovering. After the following breeding season 

(1985-86), beach censuses in the study area showed 

exceptionally high fledgling recruitment. Each clearly 

identified pair of adults which I observed on the beaches 

were accompanied by two fledlings. Fledglings accounted for 

54.5 percent of the 14,976 gray gulls censused. Based on a 

1:1 adult sex ratio, there were approximately 3366 breeding 

pairs which gave rise to the 8064 fledglings; an average of 

2.4 per pair. However, since fledglings remain on the beach 
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when parents forage for fish, the actual percentage of 

fledglings should be closer to 50 percent or two per pair of 

adults. 

Two fledglings per breeding pair conflicts with Howell 

et al. (1974) who reported an average clutch size at Colupo 

(Figure 3) of 1.55 with relative frequencies of one, two and 

three-egg clutches of 0.47, 0.52 and 0.01, repectively, and 

argued that gray gulls are evolving from an ancestral 

three-egg clutch to a single-egg clutch in response to 

interior nesting in the Atacama and associated daily 

foraging flights. Data from the same general area of the 

Atacama during 1985-86 and 1986-87 breeding seasons show a 

higher average (1.81)and frequency of two-eggs (0.81) vs 

single-egg (0.19) clutches. Though data from Cerro Negro 

average lower (1.66), two-egg clutches are still more 

frequent than single egg clutches (0.66 vs 0.34, 

respectively). Pooling all 1985-86-87 data (n=99 nests) 

shows that 71 percent of the gray gull nests contained two 

eggs and 29 percent one egg (mean= 1.78). During the first 

reproductive recovery year post ENSO (1984-85) when anchovy 

populations were returning, the relative frequency of 

two-egg clutches (0.44) is lower than that reported by 

Howell et al. (1974) and significantly lower than during 

1985-86-87 (see results) when anchovies were abundant. 

Thus, it seems that individual gray gull females may 'bet 



231 

hedge', altering their clutch size from zero to one to two 

according to food availability. 

Egg-shell Conductance 

Results show that gray gull eggs have a substantially 

lower G-H20 than predicted by the general avian equations 

from Ar et al. (1974) and Hoyt (1980), and the equation 

developed here for other Larus species. It appears that the 

gray gull egg has been selected for reduction in functional 

pore area to reduce water loss. Functional pore area is 

related to metabolic gas exchange in bird eggs (Ar et al. 

1974). At this time, the reciprocal adaptations in embryos 

to presumably concomitantly lower metabolic gas exchange is 

unknown. Perhaps, one of the trade-offs of the reduced 

functional pore area is the consequent reduced conductivity 

for gas exchange of the embryo (02, C02), which in turn may 

be a factor that increases the incubation period reported 

earlier by Howell et al. (1974) for gray gulls. The main 

selective factors effecting change in gas conductance are 

environmental conditions where gray gulls nest. The high 

radiation and temperature in the Atacama and low relative 

humidity impose heavy constraints on water balance of 

incubating birds. Howell et al. (1974) and my own 

observations demonstrate that adult birds while incubating, 

stand and shade eggs when ta is highest. Also, as discussed 

above, incubating gray gulls droop their wings, elevate 
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their feathers and pant heavily. This set of postural 

behaviors suggests that incubating gray gulls use a maximum 

repertorie of thermoregulatory resources, comparated with 

other birds (Bartholomew and Dawson 1979; Lustick et al. 

1978). Standing instead of sitting on their eggs during 

hottest time may be necessary to take advantage of 

convective heat loss in the wind above the surface. Thus, 

eggs invariably are exposed to very low relative humidity 

which increase water vapor gradient with their environment. 

High winds during this period has a negative effect on eggs 

by convective water loss. Bartholomew and Dawson (1979) 

reported that incubating Heermann's gulls nesting in harsh 

environment at Isla Raza, do not exhaust the behavioral 

repertorie available to members of genus Larus, but sit 

tightly on their eggs during the hottest period of the day. 

Comparative G-H20s and field observations suggest that 

thermoregulatory behavior and egg-shell conductance complex 

has linked selective value to gray gulls, and should be one 

of the most important traits enabling this species to 

reproduce successfully in the Atacama. 

Growth Rate 

Difference in weight growth, but not in growth of body 

parts between captive and free ranging chicks can be 

explained by the greater activity and stress of the former. 

Normally, chicks in the desert are inactive during the day. 
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expending minimal energy. They are active only at night 

when adults return with food. In the aviary chicks were fed 

during the day and frequently disturbed by noise and people 

moving about. During the night they were alert 'waiting' for 

adults to return with food, especially during the period 

when adults after spiralling were heading to the desert and 

calling among themselves. 

Laridae are classified as semi-precocial (Nice 1962; 

Ricklefs 1973; O'connor 1984), but the growth pattern of 

their body parts is similar to altricial species. Dunn and 

Brisbin (1980) found similar growth patterns between herring 

gulls L. argentatus and altricial birds. The same is true 

for gray gulls when compared to the altricial brown pelican 

Pelecanus occidentalis (Schreiber 1976; Guerra and Cikutovic 

1984). Compared with herring gulls, which are much larger 

and have cosmopolitan distribution in the northern 

hemisphere (Harrison 1983) where they nest at high latitudes 

(Figure 1), gray gulls grow more slowly. They require 40 -

50 days vs. 20 days in herring gulls, L. argentatus for 

tarsal growth (55 - 65 vs 60 - 70 mm in herring gulls). 

Gray gulls require nearly twice as long to reach their 

maximal weight than herring gulls (55 - 65 vs. 30 - 35 

days). 

According to Lack (1968) chick growth rate is determined 

by food availability and predation. He suggest that rapid 
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growth reduces chick vulnerability to predation. Thus, in 

areas without predation chick growth may be expected to be 

slower than where predation occurs, such as on oceanic 

islands. If so, perhaps growth rates in gray gull chicks 

may vary between Cerro Negro where predation is absent, and 

Colupo-Kimurku-Valenzuela where it is intense. However, I 

have growth rate data only for Cerro Negro chicks. Ricklefs 

(1973) and O'connor (1984) disagree with Lack's contention 

regarding predation and growth rate. Ricklefs bases his 

argument mainly on the observations that most larids have 

both high growth rate and high mortality rate attributed to 

predation (2 percent per day). O'Connor (1984) suggests that 

a common predator strategy to find eggs and chicks is to 

follow adults during their foraging flights when they return 

to feed the chicks. Therefore, higher growth rates should 

increase frequency of foraging flights which in turn 

increases probability of predators finding nests. Ricklefs 

(1973) suggests that growth rate is determined first by 

physiological limitations set by adult size and second, by 

precocity of development. The latter, according to Ricklefs 

(1973) has an inverse relation with growth rate. That means 

that altricial chicks which hatch naked, blind and with low 

mobility show a high growth rate. Precocial chicks which 

hatch covered with down, open eyes and greater mobility, 

show a low growth rate. Semiprecocials (i.e., Larids) which 
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hatch covered with down, open eyes but with less mobility 

should have intermediate growth. But, according to Ricklefs 

(1973) and O'Connor (1984) larid have high growth rate. 

Ricklefs (1973) explains higher growth rate among gulls and 

terns than, say, galliformes (precocial) by the fact that 

chicks do not expend large amounts of energy on daily 

activities since they are fed by their parents. 

That gray gulls have lower growth rate than other larids 

may be one of the trade-offs of the long distances adults 

need to travel in order to obtain and bring food for their 

chicks. Gray gulls are only comparable to L. furcatus, a 

long distance forager. Reduction in egg weight and low 

clutch size, also make L. modestus comparable to L. furcatus 

(Howell et al. 1974) since both species may have 

difficulties in meeting energetic requirements for 

reproduction. 

As previously discussed, foraging schedule of gray gulls 

is highly demanding both in energy and time. Predator 

avoidance and optimizing energy expenditure for flights, 

force gulls to spend ca. 2 h in gaining altitude on the 

coast using thermals, and to wait until wind velocity 

decreases and sunset. The 6 h devoted daily to only one 

round-trip limits the amount of food available daily for 

chicks (energetics implications are discussed below). As 

hypothesized, the limited amount of food carried daily by 
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adults may be the ultimate factor determining growth rate in 

gray gull chicks. 

Energetics of Nesting in the Atacama 

Life history tactics of resource acquisition and 

allocation in gray gulls must be viewed from both 

physiological and ecological perspectives. The former 

relates details of resource apportionment among somatic 

activities and between those and reproductive activities. 

The latter focuses on tactics for resource aquisition and 

selective forces which influence allocation of resources 

between somatic and maintenance and current reproduction. 

An integration of both perspectives is necessary to 

understand trade-offs and compromises in gray gulls in 

specific, and to address Fisher's (1930) seminal question in 

general: "It would be instructive to know not only by what 

physiological mechanism a just apportionment is made between 

the nutriment devoted to the gonads and that devoted to the 

rest of the parental organism, but also what circumstances 

in the life-history and environment would render profitable 

the diversion of a greater or lesser share of the available 

resources towards reproduction." 

As pointed by Wiens (1984) "the balance or imbalance of 

intake and demands determines the fitness of individuals 

through effects on reproduction." Life history or 

ecological energy budgets (Congdon et al. 1982) are 
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important in understanding life history traits which affect 

that balance. Ellis (1984) states the major components of 

energy models are basal metabolic rate (BMR or SMR, in this 

study), existence metabolic rate (EMR), locomotion costs and 

time budgets. Though BMR or SMR and EMR are readily 

measured under laboratory conditions, daily field metabolic 

rates of free-ranging animals can only be estimated by using 

time-activity budgets and extrapolation of 

laboratory-determined rates. The latter requires conversion 

factors or coefficients, often determined by measuring 

activity metabolic rates of animals induced to fly, walk or 

run. For birds, workers have published several such 

conversions for extrapolating to active flight (e.g., 7.5 , 

9.5 and 11.1 x SMR) (Berger et al. 1970; Tucker 1972). 

However, according to Nagy (1980) using such factors can 

lead to underestimating actual energy expenditure as much as 

40 percent compared to that measured with doubly labeled 

water (HTO-18). Unfortunately, since the HTO-18 method is 

expensive, requiring analytical instrumentation unavailable 

to most researchers, energy studies usually involve 

integrating direct laboratory measures of SMR and EMR to 

time-activity budgets. 

Though detailed quantitative observations and telemetry 

of time-activity, biotelemetry of thermoregulatory behavior 

and use of HTO-18 are necessary and planned to circumscribe 
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the energetics of gray gulls, I believe that data presented 

herein are sufficient to provide a rudimentary understanding 

of their reproductive tactics and an appreciation of how 

they are influenced by changes in food availability such as 

are associated with ENSO. The following is an integration 

of laboratory-determined measurements with time-activity 

budgets, using published conversion factors. 

Based on the assumption that incubating and brooding 

adults alternate foraging duties every 24 h (Howell et al. 

1974; personal observations), each member of a pair should 

make 15 trips during incubation (ca. 30 days) and 3-4 

during the 5-7-day brooding period. Afterwards, both gulls 

forage daily for approximately 55 days. During the period 

of alternating flights, the gull which remains at the nest 

is relatively inactive except for thermoregulatory behavior 

between 0400 h when the mate departs and 2400 h when it 

returns. For those hours, I assume the gull's metabolic 

rates to resemble those determined experimentally at various 

ta's. To simplify calculations, the day is divided into 

three thermal segments { 5 h at 34, 5 h at 25 and 10 h at 12 

C) during which the gull exhibits minimal activity and a 

fourth segment (4 h at 12 C) when it is interacting with its 

mate. During minimal activity the gull's MR is estimated 

from MR/ta regressions above and below TNZ (Figure 27) for a 

typical 365 g adult. When interacting with its mate, MR is 
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based on existence metabolism measured indirectly in the 

aviary, which integrates 24-h of feeding and social 

interactions. Metabolic energy expenditure during the 20-h 

minimal activity period is 58.035, 41.790 and 154.760 KJ at 

34, 25 and 12 C, respectively, and 83.012 KJ during the 4 h 

interactive period; a total of 337.597 KJ day-1 . The 

daily energy expenditure of an incubating/brooding adult is 

1.47 x EM calculated from Kendeigh's (1977) equation for 

caged birds (see Table 31). The difference may account for 

thermoregulation costs. 

The foraging gull's energy budget is calculated using 

the EM determined in the aviary (20.753 KJ h~i ), and 12xSMR 

for active (flapping) flight (Nagy personal communication) 

and 3.5xSMR for gliding flight (Ellis 1984). To simplify 

calculations, the day is divided into six segments: (1) 4 h 

in the desert interacting with mate and/or chick(s) at 

20.753 KJ h - 1 ; (2) 2 h flying to the coast with a 1:1 ratio 

of flapping and gliding (recall that NE-E tail winds aid 

gulls flying to,coast) at 85.20 + 24.885 KJ h~1 , 

respectively; (3) 5 h offshore foraging for fish at 85.20 KJ 

h _ 1 ; (4) 8.3 h on the beach resting, occassionally 

interacting with other gulls and/or feeding on invertebrates 

at 20.753 KJ h~i ; (5) 2.5 h spiralling to gain altitude for 

return flight to the desert with a 1:1 ratio of flapping to 

gliding (recall that gulls use thermals) at 85.20+ 24.885 KJ 
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h-1, respectively); and (6) 2.2 h of active flapping flight 

to the desert (recall that air is still during return 

flight) at 85.20 KJ h - 1 The respective energy cost of each 

segment are 83.012, 110.085, 426.00, 172.25, 137.60 and 

187.440 KJ; a total of 1116.393 KJ day-i, representing 4.9 

times the EM calculated from Kendeigh's (1977) equation and 

3.3 times the energy expenditure of remaining at the nest 

site. 

Integrating activities over a 48 h period to include 

both nest tending and foraging activities, each member of a 

breeding pair expends 1453.99 KJ or a daily average of 727 

KJ. Based on a mean NMEf of 0.809, each adult must consume 

1797.27 KJ during a foraging trip. If intake is entirely 

anchovies (17.815 KJ g-* dry weight), a gull would have to 

consume 52 - 78 anchovies (100.88 g dry weight; 367.2 g Wet 

weight) or nearly its entire weight. About 30 percent 

(435.13 KJ) of a gull's 48-h energy budget (1453.99 KJ) is 

expended on foraging flights. During the ca. 6 mo of 

reproductive activities (August-January), which can be 

divided into (1) pre-nesting (3 mo; August-October) during 

which both gulls fly daily to the desert to establish 

territories, (2) 5 weeks for incubation and brooding when 

pairs alternate foraging flights and (3) 2 mo during which 

both parents forage to rear chicks to fledglings, each gull 

expends 189,268.8 KJ. That expenditure, which does not 
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include costs to manufacture gametes, corresponds to an 

intake requirement of 233,954.02 KJ or 4.8 Kg of anchovies. 

The overall cost of foraging flights during the 6 mo is 

72,884.37 KJ or approximately 38.5 percent of the total NME, 

suggesting that food availability should be an important 

determinant regulating reproduction in gray gulls (i.e., 

zero vs one vs two eggs per year, as observed during and 

after the 1982-83 ENSO). 

Energy budget of chicks depends ultimately on adults 

which are their sole source of food and water. Based on 

aviary feeding studies, chicks consume from 53.4 KJ day-i at 

5-10 days old to 362.0 KJ day-i at 50-60 days old, when 

growth is peaking and fledgling stage is being reached. 

Afterwards, from 70 to 100 days of age, daily intake drops 

to 250 - 270 KJ day-i . Non-eaten regurgitated food carried 

by adults, collected at Cerro Negro, was as high as 17.79 g 

(dry weight) or 316.929 KJ. Since chicks have an average 

NMEf of 0.686 (Table 30), that represents 217.41 KJ of NME. 

The average NME of caged chicks (245.76 KJ day-1 ; Table 

30), accords closely with the potential found in 

regurgitated food carried to the Cerro Negro nesting site by 

an adult. However, the peak energy requirement of 361.6 KJ 

day-i exceeds that carried by a single adult. Though energy 

requirement of chicks in the aviary may be higher than in 

the desert (see page 174), or perhaps adults can carry 
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higher volumes of fish than those measured by non-eated 

regurgitated food. Nevertheless, the volumes of non-eated 

regurgitated food mentioned, are higher than measured from 

regurgitated food or stomachs (proventriculus and gizzard). 

Chick requirements relative to energy carried by adults may 

be the ultimate determinant of clutch size in gray gulls. 

Post-fledging, adults continue to feed their offsprings 

on the coast of northern Chile. Assuming that fledglings 

continue to require 250 - 270 KJ day-i, adults must forage 

for more time than they would without chicks. During the 

same time, adults are molting wing feathers in preparation 

for migration. Whether adults continue to feed their 

offsprings during and after migration is not known. 

Though both adults share incubation/brooding and 

foraging duties, females expend an additional amount of 

energy in producing eggs. The maximal two-egg clutch 

represents approximately 787.36 KJ (0.77 net efficiency of 

egg production, added to 302.83 KJ egg-i ) (Brody 1945, 

cited in Rahn et al. 1984; This study). Added to her 

nest-tending and foraging expenditures, a typical female's 

energy committment or reproductive effort (see Congdon et 

al. 1982) is 122,086.58 KJ or 52 percent of her 6 mo NME. 

Compared to most gulls, the energy devoted to egg production 

is relatively low in gray gulls (Howell et al. 1974). 

However, that expenditure is consistent with the high cost 

of rearing chicks in the Atacama. 
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Summary 

Gray gulls are unique among seagulls because of their 

inland desert nesting and long foraging flights. Whether or 

not desert nesting is a response to predation it is 

extremely costly and undoubtedly has resulted in an overall 

reduction in clutch size, and a bet-hedging tactic of 

producing zero to one to two eggs annually as an adaptive 

response to ENSO-mediated changes in marine fisheries 

productivity. Their overall numbers during the austral 

summer along the coast of northern Chile indicate the 

species consist of approximately 40,000 individuals. The 

relatively low numbers, reduced clutch size, extreme 

sensitivity to changes in anchovy densities and the location 

of nesting sites in the nitrate mining areas place L. 

modestus in an extremely precarious position as human 

activities, including anchovy fishing, and mining expansion 

increase in northern Chile. Recently gray gulls were given 

the status of susceptible to becomming endangered, during 

the symposium "Conservation status of terrestial vertebrate 

fauna of Chile" (April 1987) organized by the Corporacion 

Nacional Forestal (CONAF) from the Agricultural Ministry of 

Chile. This status will be published in technical and 

popular reports of the World Wildlife Fund as well by the 

International Union for Conservation of Nature (IUCN). 

Hopefully, the present study and its continuation will 
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provide information which can be used in establishing a 

protection program for L. modestus, ensuring the survival of 

this truly unique marine wildlife resource. 
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