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I correlated the plasma titers of testosterone (T), estradiol (E), luteinizing 

hormone (LH), progesterone (P), corticosterone (B) and prolactin (Prl) with the 

reproductive behavior of breeders and adult and juvenal-plumaged helpers of the 

Harris' Hawk. 

During nest building, breeding males and adult male helpers had higher T 

levels than those in immature male helpers. Among females, only breeders had 

elevated T levels during nest building. During nest building, breeding females 

had higher E levels than those in adult and immature female helpers. Patterns 

of LH were similar to those of T and E. Concentrations of P and B varied only 

with handling time. During incubation, Prl titers were elevated only in breeding 

males and females. In contrast to other altricial species, all breeders showed no 

elevation in Prl levels during feeding of young. Among males, adult male helpers 

had the highest Prl levels while feeding young. 
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INTRODUCTION 

Harris' Hawks (Parabuteo unicinctiis) breed from Arizona, New Mexico, 

and Texas south to Argentina and Chile (Peters 1979). In the saguaro-palo verde 

deserts and mesquite grasslands of their northern range, they often breed in 

groups of more than two birds (Mader 1975b, Griffin 1976, Whaley 1986, 

Brannon 1980, Bednarz 1987, Dawson 1988). Groups consist of a breeding pair 

and 1 to 5 extra birds at the nest that help rear the young (Bednarz 1987, 

Dawson 1988). Helping at the nest (i.e. cooperative breeding) is a baffling 

phenomenon for which no common ecological cause has been established. In this 

study, I use analyses of hormones known to be involved in the avian breeding 

cycle to investigate whether helpers are physiologically capable of breeding and 

to determine what the endocrine basis of helping behavior might be. 

Cooperative Breeding 

Care of the young in birds is typically provided by one or both of the 

breeding adults. In some species, however, more than two adults assist in raising 

the young, a kind of mating system known as "cooperative breeding" (Emlen & 
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Vehrencamp 1983). Some form of cooperative breeding occurs in over 300 

species of birds (Emlen 1984). 

Cooperative breeding systems in birds have been characterized as 

"communal breeding", in which the extra individuals breed and thus parentage of 

the offspring is shared among group members (Vehrencamp 1977, Mumme et al. 

1983), and "helpers-at-the-nest" in which reproduction is exclusively by a 

dominant pair that is aided by non-reproducing helpers who assist in rearing the 

young but do not contribute genetically to the offspring (Woolfenden & 

Fitzpatrick 1977, reviews by Brown 1978, 1987, Emlen & Vehrencamp 1983, 

Emlen 1984). Nonbreeding helpers may also be present along with polygamous 

breeders at the same nest in communally breeding species (Vehrencamp 1980, 

Koenig & Mumme 1987). 

Many studies have attempted to explain the evolution of cooperative 

breeding (see Brown 1983, Emlen 1984 for reviews). Most authors have focused 

on the potential advantages accrued by helpers when they assist in a group 

breeding effort (Ligon & Ligon 1978, Woolfenden & Fitzpatrick 1978, Brown & 

Brown 1981), and on the high costs and risks associated with independent 

breeding (Emlen 1984). Three fundamental questions have been addressed with 

regard to non-reproducing helpers (Brown 1985, 1987, Koenig & Mumme 1987): 

1) Why do mature nonbreeders remain on their natal territories rather than 



12 

dispersing? 2) Why do nonbreeders not breed if they are physically capable of 

breeding? and 3) Why do such individuals provide food and other aid to young 

birds? This study addresses the latter two of these questions and on a proximate 

level. The selective pressures leading to the evolution of 'helper systems' remain 

unclear. There has been only one published report on the possible proximate 

physiological mechanisms that control behaviors of individuals in cooperative 

breeding systems (Reyer et al. 1986). 

Harris' Hawk Breeding Biology 

Mating systems other than monogamy are rare in the order Falconiformes 

(Newton 1979). Cooperative breeding systems with nonbreeding helpers at the 

nest have been reported in the Mississippi Kite (Ictinia mississippiensis) and the 

Bateleur (Terathopius ecaudatus) (Brown 1970, Parker & Ports 1982). Polygyny is 

common in some populations of the Northern Harrier {Circus cyaneus) (Balfour 

& Cadbury 1979, Picozzi 1984) and polyandry has been reported in two 

species—the Galapagos Hawk (Buteo galapagoensis) (de Vries 1975), and Harris' 

Hawk (Mader 1979). Extra birds at the nests of Harris' Hawks (Parabuteo 

unicinctus) have been documented in New Mexico, Texas, and Arizona (Mader 

1975b, Griffin 1976, Bednarz 1987, Dawson 1988) but the existence of 

cooperative polyandry in this species has since been questioned (Woolfenden & 
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Fitzpatrick 1984, Bednarz 1987, Dawson 1988). Electrophoretic protein analysis 

of paternity has indicated that extra male birds at the nest do not contribute 

genetically to the offspring (Bednarz 1987). 

Dawson (1988) described on the behavior at the nest of extra adult and 

immature birds of both sexes and on the linear dominance hierarchies existing 

within the groups of Harris' Hawks in Arizona. Mader (1979) reported that extra 

adult males at Arizona nests incubated eggs and brought food to the nest in 

Arizona. In New Mexico, immatures rarely provided food to nestlings but adult 

helpers did (Bednarz 1987). My own observations of helpers at the nests of 

Harris' Hawks confirm Dawson's (1988) descriptions (see below). 

The dominant pair in each group, termed the alpha male and female, 

engage in behaviors that are associated with direct care of the eggs and young. 

The pair nest builds, incubates, broods, shades and feeds the nestlings, as well as 

participates in group hunting and delivery of prey (Dawson 1988). 

Harris' Hawks have two types of helpers. Beta helpers are adult-plumaged 

birds that are more than one year old and are subordinate only to the breeders 

in the dominance hierarchy (Dawson 1988). Male beta helpers provide 37% of 

the prey delivered to the nest and make the largest helping contribution to the 

reproductive effort. Gamma helpers are subordinate to the breeders and helpers 

in the dominance hierarchy and contribute least to the reproductive effort. 



Gamma helpers may be in adult plumage and be more than one year old, or 

more frequently, in juvenal plumage and be approximately one year old. Within 

the alpha and gamma status levels, males are subordinate to females. Adult beta 

females are uncommon and are subordinate to the alpha female but dominant 

over all other birds including the alpha male (Dawson 1988). 

Helpers rarely come into direct contact with the young in the nest. They 

may capture and transport prey to the nest area, detect and harass predators, 

and help with defense of the nesting territory. Mader (1975a), Bednarz (1988) 

and Dawson (1988) have reported on the efficacy of cooperative hunting in the 

Harris' Hawk. Cooperative hunting may be the basis for the social organization 

of the Harris' Hawk (Bednarz 1988) and participation in hunting may be one of 

the largest contributions that helpers make to the breeding effort when prey are 

patchily distributed. Breeding males rarely allow beta males within 50m of the 

nest and gamma males are excluded from within 150m of the nest. Adult beta 

males participate in group hunts, provide prey, detect and harass predators and 

provide nest material (Mader 1979, Dawson 1988). Adult and immature male 

gamma helpers provide prey, detect and harass predators and defend nest sites 

but to a lesser extent than do beta males. Beta females incubate, brood and 

feed the young (Dawson 1988), and may even occasionally lay eggs (Sheehee & 

Dawson in prep). Adult and immature gamma females will also occasionally 
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attempt to incubate and feed the young directly (Mader 1975a, Dawson 1988) 

but are usually displaced from the nest by the breeding pair (Dawson 1988). 

Adult-plumaged male helpers are physically prevented from breeding in 

Harris' Hawks by the alpha birds. Adult male helpers are known to attempt 

copulation but in only 2 out of 23 observed attempts (pers. obs., Dawson 1988 

& pers. comm.) were these attempts successful. Lack of success usually resulted 

from failure of the female to cooperate rather than from interference by the 

dominant male, who normally appeared indifferent to the attempt (Dawson 

1988, pers. obs.). Breeding males may tolerate copulations between the breeding 

female and adult male helpers in order to obtain the help of the other males 

(Dow 1978, Craig 1980, Stacey 1979, Emlen 1982, 1984). That is, if dominant 

males need other adult males to defend and maintain a breeding territory 

(Jamieson & Craig 1987) or raise the young (Stacey 1979, 1982), then a risk of 

mixed paternity may be better than no paternity at all (Gowaty 1981). On the 

other hand, the alpha males' tolerance of beta males' attempted copulations may 

be the direct result of the female's lack of cooperation with beta males. It is 

primarily the female's behavior that makes cuckoldry a possibility for male birds 

(Lumpkin 1983). Because Harris' Hawk females usually do not cooperate with 

beta males attempting copulation, alpha males may not mate-guard. 
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In Harris' Hawks, no immature male helpers have been observed 

attempting copulation. With few exceptions, sexual behavior of adult males is 

directed only toward alpha females, even in the presence of more than one adult 

female in some groups (Dawson 1988, pers. obs.). 

Hormones 

Elevations in sex steroids have been used as an indicator of the 

physiological readiness of birds to breed. If hormone levels are lower in helpers 

than in breeders in cooperatively breeding species, then lack of breeding in 

helpers may be causally related to this hormonal inadequacy and explanations 

for this physiological suppression must then be sought. 

Breeders 

Among species with altricial young, hormones and associated reproductive 

behaviors have been investigated most extensively in songbirds (Order: 

Passeriformes,review by Balthazart 1983). One raptor (Order: Falconiformes, 

Rehder 1986, 1988) and one kingfisher (Order: Coraciiformes, Reyer et al. 1986) 

have also been studied. Levels of plasma luteinizing hormone (LH) and 

testosterone (T) are elevated in breeding males of monogamous species during 

territorial establishment, mate guarding, and courtship and decrease after egg 
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laying by the female (Wingfield & Moore 1986). Plasma T levels are also 

relatively high in breeding females of most species during courtship and when 

females participate in territorial defense (Wingfield & Farner 1978a,b), especially 

in those species whose sex roles are reversed (Fivizzani & Oring 1986). Estradiol 

levels are elevated in females during oogenesis and when displaying sexual 

behavior and building nests (Balthazart 1983). Estradiol levels in females 

decrease after egg laying, when incubation begins (Wingfield 1984b). 

Nonbreeding Birds 

Nonbreeding adults generally have lower hormone levels than breeding 

birds at the same time of year. Average T levels were lower in adult and 

subadult nonbreeding "floaters" than in breeding males in Red-winged Blackbirds 

(Agelaius phoenicius, Beletsky et al. 1989) and White-crowned Sparrows 

(Zonotrichia leucophrys, Wingfield & Farner 1978a,b). Courting but unsuccessful 

male Zebra Finches (Poephila guttata) had similar levels of LH but lower levels 

of T than did successful males (Vleck & Priedkalns 1985). Paired females in the 

sex role-reversed Spotted Sandpipers (Actiris macularia) had T levels seven times 

higher than did unpaired females (Fizzani & Oring 1986). Estradiol levels were 

also lower in nonbreeding than in breeding female American Kestrels (Falco 

sparverius) subjected to the similar conditions in captivity (Rehder et al. 1986). 



Similar low concentrations of E have been reported for nonlaying adult females 

of other species (Furr et al. 1973, Wingfield 1980, Akesson & Raviling 1981, 

Gulati et al. 1981, Bluhm et al. 1983). Nonbreeding captive male American 

Kestrels however, had total androgen levels similar to those of successfully 

breeding males under the same conditions (Rehder 1988). Similarly, androgen 

levels did not differ between breeding and nonbreeding captive male Willow 

Ptarmigan (Lagopus lagopus) (Stokkan & Sharp 1980) or in the Canada Goose 

{Branta canadensis) (Akesson & Raveling 1981). Spring T levels rose later in 

nonbreeders than in breeders in the geese however, and were elevated for a 

shorter period of time. All nonbreeders were subject to the same daylength as 

were the breeders, indicating that environmental factors other than photoperiod 

may be important in promoting or suppressing reproductive behaviors. 

In the one study of hormones in a cooperatively breeding bird (Pied 

Kingfisher, Ceryle rudis), LH levels did not differ but T levels were higher in 

breeders and older nonbreeding helpers than T levels in younger nonbreeding 

helpers (Reyer et al. 1986). 

Physiological immaturity 

Physiological immaturity is usually associated with low levels of sex 

steroids. Injections of sex steroids into juvenile birds can initiate precocial adult 



sexual behaviors (Balthazart & Hendrick 1979, Benoff 1979) and naturally 

elevated levels of these hormones appear to be an indication of sexual maturity 

(Prove 1983). Elevation of gonadal steroids has also been associated with molt 

from juvenal into adult plumage (reviewed in Prove 1983). 

Incubation and care of young 

Progesterone (P) and prolactin (Prl) are the two main hormones usually 

associated with parental care in birds. Progesterone in females serves primarily 

to induce ovulation and is involved in the incubation and care of young in both 

sexes (review by Balthazart 1983 but see Bedrak et al. 1981). Peaks in mean P 

levels for breeding kestrels (Rehder 1986) were more closely associated with the 

egg-laying period than were peaks in any other hormone. In the domestic fowl 

(Galliis gallus), plasma concentrations of P increase only several hours before 

ovulation, when the largest ovarian follicle is fully developed (Sharp 1980). 

Fivizzani et al. (1986) reported elevated P levels in incubating males of the sex 

role-reversed Wilson's Phalaropes (Phalaropus tricolor). 

The anterior pituitary hormone, prolactin, is involved in regulation of fat 

deposition and migration (Meier & Davis 1967), induction of photorefractoriness 

(Goldsmith & Nicholls 1984, Nicholls et al. 1984), and control of parental 

behavior (Riddle 1963, Nicholls & Bern 1972, Dawson & Goldsmith 1983, 



Goldsmith 1983, Silverin & Goldsmith 1983, Hiatt et al. 1987). Prolactin 

synergizes with gonadal steroids to cause defeathering and vascularization of the 

brood patch in most species (Johns & Pfeiffer 1963, Oring et al. 1986b) and has 

been implicated in the initiation and continuation of incubation (Etches et al. 

1979, Burke & Dennison 1980, Goldsmith 1983). In most precocial species, sharp 

decreases in prolactin levels occur after hatching and prolactin levels remain low 

throughout care of the young (Etches et al. 1979, Burke & Dennison 1980, 

Bedrak et al. 1981, Dittami 1981, Oring et al. 1988 but see Oring et al. 1986a). 

In most altricial species that have been studied, prolactin levels are elevated at 

the onset of incubation, peak at mid-incubation, decrease slightly toward the end 

of incubation, and then increase again after the young hatch and are being fed 

(Silverin & Goldsmith 1984, Dawson & Goldsmith 1982, Hector et al. 1984, 

Myers et al. 1989 but see Silverin & Wingfield (1982). The sight of altricial 

young may elevate prolactin levels in parents, suppressing gonadal steroids until 

the young fledge, at which time testosterone and estrogen again increase, 

allowing the option of renesting (Wingfield & Farner 1980). Injections of both 

progesterone and prolactin are usually necessary to cause production of crop 

milk and feeding of young in inexperienced Ring Doves (Streptopelia risoria) 

(Lott & Comerford 1968). Inexperienced birds have been known to feed young 

without any exogenous hormone injection (Lott & Comerford 1968) but only 
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after exposure to begging young. There are no published reports on plasma 

prolactin levels in nonbreeding helpers at the nest. 

The Present Study 

Nonbreeding in Helpers 

In this study, I describe the way that gonadotropin and reproductive 

steroid levels vary in Harris' Hawks with season, behavior and social status. I 

then examine the data in the light of three alternative hypotheses that might 

account for lack of breeding by helpers within a group. 

First, lack of breeding by helpers could be due to incomplete maturation. 

Hawks may mature slowly and at varying rates, and lack of breeding or low 

hormone levels may simply occur in individuals who are not yet sexually mature, 

perhaps as a result of energetic constraints or a genetic predisposition, and not 

as a result of any social factor delaying their maturation. In addition to 

measuring reproductive hormone concentrations in blood plasma, I monitored 

cloacal swelling, presence or absence of cloacal sperm, and brood patch 

formation as potential indicators of reproductive condition. 

Second, helpers may not breed because of physiological inhibitions that 

result from behavioral interactions with the dominant breeders of the same sex 
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(whether or not those dominant birds are parents of the helpers). As one 

approach to this question, I measured corticosterone levels in plasma of the 

Harris' Hawks as an indicator of stress (e.g. Wingfield 1982a, Harvey et al. 1984, 

Wingfield 1985b, Wingfield & Silverin 1986), in order to explore the possibility 

that lack of breeding by helpers is due to high stress levels associated with 

subordinate social status. 

Third, helpers may not attempt to breed because of physiological 

inhibitions resulting because the breeder of the opposite sex in the group is a 

parent (inbreeding avoidance). Under this hypothesis, physiological readiness for 

breeding would depend primarily on the relatedness between helpers and 

breeders, rather than on age or status within the dominance hierarchy. 

Helping Behavior 

I begin to investigate Brown's (1985, 1987) third question, "Why do 

nonbreeders provide food and aid to young of other group members?", by 

examining the correlation between P and Prl with different levels and stages of 

parental care in breeders and helpers, to see whether care of young given by 

helpers is mediated by the hormones usually associated with parental care. 

Jamieson and Craig (1987), in an investigation of the pukeko (Porphyrio 

porphyria), proposed that feeding of young birds is based on a general stimulus 
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response-mechanism (i.e. if the stimulus of begging young is present, adults 

respond by feeding). Though such a stimulus-response trait may explain why 

nonbreeding birds feed the young of others, given access to begging nestlings, a 

hormonal response to the sight and sound of begging young may be a necessary 

prerequisite before helping behavior occurs (Woolfenden & Fitzpatrick 1985). If 

so, P and Prl seem like the likely candidates for the hormone(s) involved. 
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CHAPTER 2 

METHODS 

Field Methods 

Study areas 

The 1985-1986 study site was approximately 47 km2 in size and located in 

Pinal County, 15.5 km south of Florence, Arizona (Florence site). The 1987 

study site was approximately 148 km2 and located in Pima and Pinal counties, 

6.3 km north of Tucson and 1 km east of Marana, Arizona (Marana site). The 

study sites were separated by 23 km but the Harris' Hawk population is 

continuous between the sites. Topography of the study areas is characterized by 

gently sloping plains broken by numerous dry stream beds, typical of the Arizona 

Upland Subdivision of the Sonoran Desert (Turner & Brown 1982). Elevation 

ranges from 595 m to 956 m and precipitation averages 28 cm per year (NOAA 

1986). 

The vegetation of the Arizona Upland Subdivision is typified by a palo 

verde-saguaro cactus (Cercidium-Carnegiea) association (Turner & Brown 1982). 

Other common overstory plants are mesquite trees (Prosopsis juliflora) and 
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ironwood (Olyneya tesota). Ironwood is more commonly found on the Marana 

study site than on the Florence site. The understory consists of triangle leaf 

bursage (Franseria deltoidea), brittlebush (Encelia farinosa), cresotebush {Larrea 

divaricata), catclaw [Acacia greggi), ocotillo (Fouquieria splendens) and Opuntia 

species of cacti. Harris' Hawks nest in saguaro cactus and paloverde and 

mesquite trees. 

Field measurements 

I captured 157 Harris' Hawks with bal-chatri traps (Berger and Mueller 

1959) between May 1985 and August 1987. Harris' Hawks were trapped by 

dropping a trap from a moving vehicle under a perched bird and watching from 

300-400 m until the bird was caught, or by staking traps within 200 m of active 

nests and checking traps eveiy 1-2 hours. The maximum time a bird could have 

been on a trap was recorded as time elapsed since the trap was dropped, or 

staked out, until the bird was removed from the trap. 

I withdrew 3 ml of blood from a wing vein using a heparinized syringe 

and 25 gauge 5/8" needle as soon as possible after capture. Time to bleed the 

bird (±30 sec) was recorded as the time interval from when the bird was 

removed from the trap until blood was withdrawn. Handling time was then 

calculated as the sum of maximum time on trap plus time to bleed. Because 
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Harris' Hawks do not hunt when closely observed, I was unable to reduce the 

length of handling time which ranged from two to 260 minutes. Blood was stored 

on ice in heparinized (2000 U.S.P. units/tube) test tubes until the end of the 

field day when it was centrifuged. The plasma was then removed and stored at 

-20° C until analyzed. 

I banded each bird with three colored bands and a numbered aluminum 

U.S. Fish and Wildlife service band (permit #09335), in a unique combination 

that allowed identification of an individual at a distance of up to 300m. I used a 

Spacemaster 2Qx spotting scope and 9x Bushnell binoculars for identifying and 

observing the behavior of banded birds. 

In order to assess the breeding condition of males, I examined the cloacal 

contents of 26 males for the presence or absence of sperm by extruding the 

contents of the cloaca onto a slide (Bird et al. 1976), allowing the slide to air 

dry, and later examining the slides for the presence of sperm under a phase 

contrast light microscope. 

I examined all birds captured for a brood patch, scoring a brood patch as 

0 (absent, breast completely feathered), 1 (developing, breast beginning to lose 

feathers), 2 (present, breast fully defeathered but not vascularized), 3 (functional, 

breast fully defeathered and fully vascularized) or 4 (regressing, breast 

defeathered but no longer vascularized and beginning to sprout new feathers). 
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In 1985 I observed reddening and swelling of the outer cloaca of some 

Harris' Hawk females, similar to the labial swelling of some female mammals in 

estrus (Devore & Hall 1965), the time of female receptivity immediately prior to 

ovulation. In order to correlate this observation with hormone levels and 

observed nesting stage, I assessed the amount of cloacal swelling in 81 male and 

female hawks in 1986 and 1987, recording the cloacal opening as either dry and 

small or red and swollen. 

Age and sex of individuals - I identified banded hawks as belonging to 

one of two age categories, adult or immature, based entirely on differences in 

appearance. Immature birds are characterized by splotching of white or tan in 

the dark brown breast feathers, white or light brown undersides of the primaries, 

and a tan terminal tail band. This aspect represents the juvenal plumage, 

although it may include more than one generation of feather growth. The 

juvenal plumage is retained until after the next year's breeding season. Adult 

plumage is attained at approximately one year of age (Brown and Amadon 

1968) and is characterized by dark brown breast feathers, dark brown undersides 

of the primaries, and a tail with a white terminal band. The sexes are 

monomorphic in plumage coloration. 

Hamerstrom & Hamerstrom (1978) reported that mass is the most useful 

measurement for determining sex in Harris' Hawks in Texas and the ranges of 
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mass of males do not overlap with that of females. Dawson (1988) also used 

mass to determine the sex of Harris' Hawks on the Florence site and confirmed 

the sex of 59 adult males and 64 adult females classed by mass, based on 

observations of copulations and egg-laying. 

I assigned a sex to each individual in the field (after separation by age) 

on the basis of overall size and the shape and robustness of the feet. If an 

individual was small and the feet resembled an accipiter (long slim toes) I 

conditionally classified that hawk as a male. If the feet of a hawk resembled 

those of a buteo (short thick toes) and the bird was large, I conditionally 

classified that bird as a female. These assigned sexes secondarily segregated 

completely on a multivariate size axis (Figure 1). In order to verify my original 

field determination of sexes of individual hawks, I measured seven morphological 

characteristics-mass, wing chord, ulna length, left tarsus length, left tarsus 

diameter, tail length and culmen depth (Olendorff 1972). I distinguished two size 

groups using composite factors generated through principal components analysis 

(PCA) of the above seven measurements, after natural log transformation 

(Figure 1). All seven measures contributed greatly to Factor I. Factor I 

accounted for 86% of total variance among adult hawks and describes the 

differences in size of individuals. The sex of 34 adult females and 22 adult males 

classified using PCA was further validated by behavioral observations (personal 

obs., Dawson 1988). 
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FIGURE 1. Scores from principal component analysis of seven 
morphological measurements in adult Harris' Hawks. Open 
boxes are females (•) and filled boxes ( •) are males. 
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Mass of adult males thus classified ranged from 610-900g, X==726g and 

overlapped that of adult females (range 900-1225g, X=1046 g) in only one male. 

Thus, in confirmation of the Hamerstroms' (1978) report, it is possible for the 

mass of males to overlap that of females but it is rare. 

Principal component analysis of measurements of juvenal-plumaged hawks 

generated composite factors which were used as the basis upon which I 

separated immature birds into two size categories (Figure 2). Factor I accounted 

for 85% of total variance among individuals in this analysis. The mass of 

immature males (range 650-800g, X=706.3g) did not overlap that of immature 

females (range 850-1086g, X=942.6g). 

Field observations 

Behavioral information on most color-marked birds in 1985 and 1986 

(Florence site) was gathered by James Dawson from fully-enclosed elevated 

blinds erected within 10 m of the nest (see Dawson 1988 for details). In 1987, I 

used a fully enclosed cloth blind erected on the ground within 10 m of active 

nests (Marana site) and recorded behavioral activity of marked individuals at the 

nest for 3-16 hours per nest. Behavioral observations were done on 103 

individuals at 47 different nests. 
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FACTOR 2 

FIGURE 2. Scores from principal component analysis of seven 
morphological measurements in immature Harris' Hawks. Open 
symbols are females ( A) and filled symbols ( A) are males. 
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Groups were defined as all individuals associated with a particular nest 

(Dawson 1988). I identified a hawk as a member of a group if it was trapped or 

seen within 300 m of an active nest. The mean number of individuals associated 

with a nest was 3.8 and ranged from 2-7 birds on both study areas (Florence 

site, n=53 nests) (Marana site, n=24 nests). 

Nest role - I determined the role of each banded hawk in the group by 

observing its behavior at the nest. The alpha female was an adult, copulated 

with the alpha male, incubated the eggs, built the nest, brooded and fed the 

young and was dominant to all other group members (as determined by 

supplantings~see Dawson 1988). I categorized other females associated with the 

group as adult or immature helpers if they were observed to detect or harass 

predators, hunt and deliver prey to the nest or the alpha male, and were 

subordinate to the alpha female. My samples did not include any beta females 

(see Introduction). Males were classified as the alpha male if the bird was an 

adult, incubated the eggs, built the nest, brooded young, delivered prey to the 

female and/or was dominant to all group members except the alpha female. 

Alpha males were presumed to be the breeding male (Dawson 1988). I 

categorized other males associated with the group as helpers if they detected or 

harassed predators, hunted and delivered prey to the nest or alpha male and 
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were subordinate to the alpha male. Because of the limited numbers of helpers 

sampled, I did not divide the helpers into beta and gamma types but did classify 

them as either adult or immature based on whether they were in adult or 

juvenal plumage. 

Nest stage - The stage of the nest was determined relative to the 

estimated (or observed) day on which the first egg was laid. I estimated the nest 

stage for each hawk at the time the blood sample was taken by counting 

forward or backward from the estimated date of the first laid egg. The date of 

the first laid egg was either observed directly or calculated from observations of 

the first hatched chick, or from estimations of the age of the nestlings (Bednarz 

1987). I classified the time interval from -100 to -51 days before the first laid 

egg as nonbreeding, from -50 days to the date of the first laid egg as 

nestbuilding, from the date of the first laid egg to 35 days as the incubation 

period (Mader 1975a), and from 36 days to 100 days after the first laid egg as 

feeding of young. Defense of a nest site from human intruders (soaring, circling 

and screaming) begins approximately the same time as nestbuilding (personal 

obs.) and was observed on the Marana site a maximum of 66 days prior to the 

first laid egg (x = 32.1 + 16.1 s.d. = 48.2 days, n = 14 nests). Mader (1975a) 

reported that nestbuilding began approximately 36 days prior to egg-laying. The 

nestling period lasts approximately 45 days and group members continue to feed 
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the young after fledging, therefore I classified the period from 36 to 100 days 

after the first egg as feeding of young. For 52 of the female blood samples and 

51 of the male blood samples of the 157 samples taken, I knew both the 

individual's role at the nest and the stage of the nest. 

Hormone Assays 

Steroids 

Testosterone and estradiol were assayed by Dr. Carol Vleck at the 

University of Arizona, Tucson, Arizona following the methods of Abraham 

(1974) with modifications described by Wingfield and Farner (1975) for use with 

small samples of avian plasma. For the progesterone RIA, the hormone was 

extracted from 150-200 y\ plasma in 4 ml hexane:ethyl acetate (98:2). For the 

corticosterone RIA, the hormone was extracted from 30 pi plasma in 3 ml 

dichloromethane. For both progesterone and corticosterone, the extract was 

dried under nitrogen, resuspended in phosphate buffer and assayed in duplicate. 

Least detectable concentrations for testosterone, corticosterone, progesterone 

and estradiol were 15 pg/ml, 1 ng/ml, 64 pg/ml and 12 pg/ml respectively. 

Inter-assay variability (S.D./mean x 100) and intra-assay variability for 

testosterone was 10.8% and 7.0% respectively, for corticosterone 7.0% and 

10.9%, for progesterone 9.7% and 7.6%, and for estradiol 23.2% and 8.7%. 
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Luteinizing hormone 

Luteinizing hormone (LH) was assayed by Dr. Carol Vleck in the 

laboratory of Dr. John Wingfield at the University of Washington, Seattle, 

Washington using the double-antibody, post-precipitation RIA for avian LH 

developed by Follett et al. (1972) and modified by Follett et al. (1975). The 

least detectable concentration was approximately 0.1 ng/ml. 

Prolactin 

Prolactin on 102 plasma subsamples was measured by Dr. Arthur 

Goldsmith at the University of Bristol, Bristol, England, using a heterologous 

radioimmunoassay system form McNeilly et. al. (1978) as modified by Goldsmith 

and Hall (1980). This assay has been validated for birds by McNeilly et al. 

(1978) and Goldsmith and Hall (1980). The lowest detectable concentration is 

1.0 ng/ml. 

Statistical Analysis 

All values were first transformed using natural logs to minimize the effect 

of outliers and normalize the data. All statistical tests were performed using 

general linear models contained in SAS statistical package (SAS 1984). 
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Seasonal patterns 

In order to elucidate seasonal patterns in hormone levels, I did three-way 

ANOVAS for each hormone after separating samples by sex. I tested for the 

effect of age of the bird, month of year and handling time on hormone levels, 

using samples from all years combined. All 157 samples could be used for this 

analysis because month of year, handling time and age (as determined by 

plumage—see "Age and sex of individuals") of the bird were known for all 

samples. Handling time was included in the ANOVA because a pilot study done 

on the effect of time in hand on serial samples from Harris' Hawks (Vleck and 

Mays, unpublished data) indicated that testosterone, progesterone and 

corticosterone levels were positively correlated with the length of time from 

capture until the blood sample was drawn. 

One-way ANOVAS were then done to test for the effect of age of the 

bird on testosterone, luteinizing hormone, and estradiol levels during March. I 

chose March because the average first egg date for both study sites and all three 

years was 30 March (n=113 nests). Previous studies (see Introduction) have 

shown that these three hormones are highest in the period prior to egg-laying in 

most species. 
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Role at the nest 

Harris' Hawks do not breed synchronously, thus hormone levels are more 

closely correlated with days relative to the first egg than with day of the year. 

Therefore, I analyzed a subsample of 103 hawks for which I knew the role and 

the stage of the nest with which that bird was associated. Due to the incomplete 

design inherent in my study (immature breeders are very rare in the population 

and I sampled none), I designated a composite variable for use in the ANOVA. 

I defined the composite variable that I termed nestrole as the role of the 

individual at the nest plus the stage of the nest plus the age of the bird. This 

composite variable, nestrole, separates the values into 12 possible categories 

(Table 1). 

TABLE 1. Categories of the composite variable: nestrole. 

BEHAVIORAL ROLE 

Adult Breeders Adult Helpers Immature Helpers 

Non-breeding Non-breeding Non-breeding 
NEST 
STAGE Nest building Nest building Nest building 

Incubation Incubation Incubation 

Feeding of young Feeding of young Feeding of young 
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For the 103 hawks for whom nestrole was known, I examined the effect 

of sex, nestrole, and handling time on the levels of each of the six hormones 

assayed using a three-way analysis of variance (ANOVA). 

After separation by sex, the 103 samples were tested for the combined 

effects of nestrole and handling time using a two-way ANOVA. 

I then did one-way ANOVAS on each category of roles, (e.g. adult 

breeding males, or immature helper females), testing whether means differed 

between nest stages for each behavioral role. One-way ANOVAS were also done 

on each nest stage, testing whether hormone levels differed between roles during 

the same nest stage. Each variable which showed a significant effect (p>0.05) 

was further analyzed using Bonferroni multiple-comparison tests to indicate 

which means differed (SAS 1984). 

Body Mass 

Two-way ANOVAS were done to test whether body mass differed 

between role at the nest and nest stage within each sex. 



39 

Cloacal swelling and sperm 

One-way ANOVAS were done to test whether LH and E levels differed 

between female breeders who had cloacal swelling, breeders who lacked cloacal 

swelling and adult helpers without cloacal swelling. One-way ANOVAS were also 

done to test whether LH and T levels differed between male breeders who had 

cloacal sperm, breeders lacking sperm, and adult helpers who had cloacal sperm. 



CHAPTER 3 

40 

RESULTS 

Testosterone 

T levels were elevated during nestbuilding in all adult males and alpha 

females and were higher in alpha males and adult male helpers than in 

immature male helpers. As expected, alpha females had much lower T levels 

than did adult males. Immature and adult female helpers had no increase in T 

throughout the nesting season. 

Males: 

Effect of season - Plasma T levels in all adult-plumaged males (Figure 3) 

started to rise in January (X=44.47pg/ml, n=8), above the non-breeding levels of 

October (X=9.00 pg/ml, n=2) and November (X=20.00 pg/ml, n=l), and were 

highest in February (X= 378.94 pg/ml, n=6). Average T levels remained elevated 

in adult males through March (X=377.08 pg/ml, n=9), decreased in April 

(X= 123.94 pg/ml, n=10) and fell in May (X=24.86 pg/ml, n=13) to levels 

characteristic of nonbreeding levels. This decrease in T levels in April coincided 

with the period of incubation in most nests on the study areas. Plasma T 

concentrations differed significantly between months in all males (Table 2A). 

Adult levels were higher than immatures but the differences in T between age 
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FIGURE 3. Monthly adult (• ) and immature (A  ) testosterone 
levels in male Harris' Hawks. Symbols indicate the 
mean for all measurements for that group during 
each month. Error bars extend one standard error 
on either side of the mean. Lack of error bars 
indicates no variance, usually because sample size 
was one. Time values represent the average 
sample date within each month. The open triangle 
indicates the T value for the one immature male 
helper who was not helping on his parent's 
territory. This one value was not included in the 
mean for immature helpers in February. 
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groups did not reach significance (p=0.064). One-way ANOVA done to test for 

differences between adults and immatures over the 30 day period prior to the 

average first egg date (March) however, showed T levels in adults were 

significantly higher than in immatures (Table 2A). 

In immature males, T levels also began to rise in January (X=34.30 

pg/ml, n=2) but fell to non-breeding levels in February (X= 14.60 pg/ml, n=1); 

remaining so through June (X= 17.95 pg/ml, n=2), with the exception of one 

immature male whose T level in February was extraordinarily high (925.77 

pg/ml), thirty days before the first egg was laid in the nest at which he helped. 

This immature male was the only immature known to help at a nest not 

belonging to his parents. Leaving out the value for this one immature male did 

not increase the significance level for the effect of age on seasonal patterns. 

Effect of nestrole - Average plasma T levels differed significantly between 

nestroles, for those males for whom I knew nestrole (Table 2B). I also verified 

the results of the parametric ANOVA by testing T levels in these males using a 

one-way Kruskal-Wallis non-parametric test (*=20.17, p=.0276, n=48). 

In adult males T levels were highest during nestbuilding and fell to 

nonbreeding levels during incubation and feeding of young (Figure 4). 

Nest role had a significant effect on the seasonal change in T (Table 2C). 

In the breeding adult males, T was significantly higher during nest building 



43 

feeding of young nest building incubation non-breeding 
1000 

800 -

E 
o> 
S 600 -

UJ 
z o 
oc 
ill I-
<n 
O t-w 
UJ 
h-

400 -

200 -

- 1  0 0  5 0  1 0 0  - 5 0  0 
TIME RELATIVE TO FIRST EGG (DAYS) 

FIGURE 4. Breeder ( •), adult helper (•) and immature 
helper ( A) testosterone levels in male Harris' 
Hawks during different nest stages. Symbols 
indicate the mean hormone level for all 
members of a group. Time values are means 
of samples within each nest stage. Error bars 
as in Figure 3. The filled trangle indicates the 
T value for the one immature male helper who 
was not helping on his parents' territory. This 
one value was not included in the mean for 
immature helpers during nest building. 
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(X=429.39 pg/ml, n=5) than during incubation (X=63.03 pg/ml, n=8) or feeding 

of young (X= 27.77 pg/ml, n=9), whereas in the adult helpers, nest building 

levels of T (X=528.01 pg/ml, n=6) were only significantly higher than incubation 

levels (X= 14.50 pg/ml, n=3) (Figure 4). For immature helpers, there were no 

statistically significant changes in T between nest stages. 

When I examined the effect of role during each nest stage, breeder and 

adult helper levels appeared to be similar to each other and higher than 

immature helpers (X=241.83 pg/ml, n=4) during nest building but this difference 

was not significant (Table 2D). Because nestrole had a significant effect in the 

two-way ANOVA (Table 2B), the inability of the one-way ANOVA to detect 

significant differences in means during nest building was presumably due to small 

sample sizes that resulted from partitioning the data by nest stages. Leaving out 

the T value for the one immigrant male helper who was not helping on his 

parents' territory greatly decreased the mean T value for immature helpers 

during nestbuilding (X= 13.85 pg/ml, n=3) but the differences between breeders, 

adult helpers and immatures still did not reach significance (p=0.08) (Figure 4). 

During all other nest stages, T levels were below 65 pg/ml in all three groups. 
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Females: 

Differences from males - Average plasma T levels in females (X=33.26 

pg/ml, n=55) for whom nestrole was known, were significantly lower than those 

of males (X= 147.69 pg/ml, n=50) (Table 2E). 

Effect of season - For all 82 females sampled, T levels differed 

significantly between age groups, months and due to handling time (Table 2F 

and Figure 5). 

Effect of nestrole - There were significant differences in female plasma T 

levels between nestroles and due to handling time (Table 2G). Only in the 

breeding adult females did T levels differ significantly between nest stages (Table 

2H and Figure 6). In these females, T levels were significantly higher during nest 

building (X=74.53 pg/ml, n=10) than during incubation (X=30.39 pg/ml, n=7) 

and feeding of young (X= 18.68 pg/ml, n=14). In addition, levels of T during 

feeding of young were significantly lower than levels seen during the nonbreeding 

season (X=50.50 pg/ml, n=3). 

I tested for differences between roles during each nest stage by one-way 

ANOVA (Table 21). During the non-breeding season, role appeared to have a 

significant effect but sample sizes were too small for Bonferroni multiple 

comparison tests to detect differences among means. During the nest building 

stage, adult breeding females had significantly higher T levels than did either 
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Hawks. Statistics as in Figure 3. 
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FIGURE 6. Breeder (•), adult helper (•) and immature 
helper ( A) testosterone levels in female 
Harris' Hawks. Statistics as in Figure 4. 
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adult helper females (X=32.31 pg/ml, n=5) or immature helper females 

(X= 18.52 pg/ml, n=9) but T levels did not differ between adult and immature 

helpers (Figure 6). T levels did not differ significantly between roles during 

incubation or feeding of young. 

Handling time (maximum time on trap plus time to bleed^ - Handling 

time affected T levels significantly in females, whereas it did not in males 

(Tables 2G and 2B.). T levels increased with handling time. During nest building, 

the mean handling time for the adult breeding females was less (X=61.8 min., 

n=10) than that for the adult helper females (X=90.0 min., n=5), and similar to 

that for the immature helper females (X=56.7 min., n=9), so the higher levels 

of T in breeding females compared to helper females during nest building is 

unlikely to be due to handling time. 

Previous studies (Vleck & Mays in prep) have shown that T levels 

increased with handling time in Harris' Hawk males. The increases found in 

males occurred at the low plasma concentrations of T found during all times of 

the year except nestbuilding. I think that stress due to handling time may cause 

a release of T from the adrenal cortex rather than the gonads in both males and 

females. The maximum concentration resulting from this stress-related release 
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however, is an order of magnitude less than that found in males during 

nestbuilding and territorial defense. 

Estradiol 

The highest levels of E were found in alpha females during nestbuilding. 

During nestbuilding, E levels in alpha females were higher than in adult and 

immature female helpers. Males had lower E levels than did females and 

showed no variation of E with nest stage throughout the breeding season. 

Males: 

Average male estradiol plasma levels (X= 12.92 ng/mL, n=48), for those 

males whose nestrole was known, tended to be lower than females overall 

fX=30.43 ng/ml, n=55) but the trend was not significant (p=.071, Table 3A). 

There were no significant differences in estradiol levels of males due to age, 

month or handling time when tests were done for seasonal pattern (Table 3B 

and Figure 7). There were no significant differences in estradiol levels of males 

due to nestrole or handling time when tests were done for the effect of nestrole 

(Table 3C and Figure 8.). There were no significant differences in E between 

nest stages for each role or between roles of males during each nest stage 

(Tables 3D and 3E). 
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FIGURE 7. Monthly adult ( •) and immature ( a ) estradiol 
levels in male Harris' Hawks. Statistics as in 
Figure 3. 
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FIGURE 8. Breeder (• ), adult helper (• ) and immature 
helper ( a ) estradiol levels in male Harris' 
Hawks. Statistics as in Figure 4. 



52 

Females: 

Effect of season - Estradiol (E) levels varied significantly over the course 

of a year in both adult and immature females, and were significantly higher in 

adults than in immatures (Figure 9 and Table 3F). In the adults, estradiol levels 

are highest in March, prior to egg-laying (X=70.43 pg/ml, n=10). 

In the immature females, E levels were highest in January (X=19.0 pg/ml, 

n=2) and March (X=20.33 pg/ml, n=3), which coincides with the March peak 

seen in adult females (Figure 9). Levels in March (the nest building season for 

most Harris' Hawks) in immature females appeared to be lower than that of the 

adults but this difference was not significant (Table 3F). 

Effect of nestrole - Nestrole had a significant effect on estradiol levels in 

females but handling time did not (Table 3G). In the adult breeders, estradiol 

levels were significantly higher during nest building (X=91.26 pg/mL, n=10) than 

during incubation (X=25.88 pg/ml, n=7) and feeding of young (X= 12.35 pg/ml, 

n:=14) (Table 3H) and fell to levels significantly below nonbreeding (X=50.14 

pg/ml, n=3) during feeding of young (Figure 10). In both adult and immature 

helpers, E did not differ significantly between nest stages. 

I tested for differences between roles during each nest stage using 

one-way ANOVA (Table 31). During the nonbreeding stage, differences between 

nestroles approached but did not reach, significance (p=.058, Table 31). During 
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FIGURE 9. Monthly adult (•) and immature (A )  
estradiol levels in female Harris' Hawks. 
Statistics as in Figure 3. 
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FIGURE 10. Breeder ( •), adult helper (•) and immature 
helper ( A) estradiol levels in female 
Harris' Hawks. Statistics as in Figure 4. 



55 

nestbuilding, in contrast to the pattern in T levels seen in males, breeding 

females had significantly higher levels of E than did either adult helpers 

(X=11.89 pg/ml, n=5) or immature helpers (X= 15.31 pg/ml, n=9). Adult and 

immature helper female levels did not differ significantly from each other. There 

were no significant differences between roles during incubation and feeding of 

young. 

Luteinizing Hormone 

LH levels were lower in males overall than in females and were elevated 

in both sexes during nestbuilding. Male and female breeders and adult male 

helpers had higher LH levels than did immature helpers and adult female 

helpers but these differences were not statistically significant. Interestingly, adult 

female helpers and immature male helpers had the lowest LH levels during 

nestbuilding. 

Males: 

Differences from females - Average plasma LH levels for the males 

(X=0.73 ng/ml, n=48) for whom nestrole was known were significantly lower 

than those of females (X=1.01 ng/mL, n=54) (Table 4A). 
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Effect of season - There were significant differences in plasma LH levels 

in all males from month to month (Table 4B). Plasma LH levels in all adult 

plumaged males (Figure 11) were elevated in February (X=1.48 ng/ml, n=5) 

and March (X=1.28 ng/ml, n=9). In contrast to the seasonal pattern seen in 

male T levels, LH levels remained high in April (X=1.53 ng/ml, n=9) before 

dropping to levels in May (X=0.41 ng/ml, n=13) that were comparable to 

non-breeding levels in January (X=0.31 ng/ml, n=8). 

Levels of LH for immature males are shown in Figure 11. Immature 

levels (X=0.37 ng/ml, n=13) were lower overall than adults (X=0.86 ng/ml, 

n=54) but not significantly so (p=.061). In March however, when most hawks on 

the study sites are nestbuilding and mate guarding, differences in LH levels 

between adults and immatures were significant (Table 4B.). 

Effect of nestrole - Average plasma LH levels for those males for whom I 

knew nestrole differed significantly between nestroles (Table 4C). In both 

breeders and adult helpers, LH levels were highest during nest building, 

decreased during incubation, and fell to nonbreeding levels during feeding of 

young (Figure 12). This pattern is similar to the pattern seen in male T levels. 

LH levels for immature helpers are shown in Figure 12. 

Role at the nest had a significant effect on changes in LH between nest 

stages (Table 4D) only in breeding males. In these males, LH was significantly 



Oct 

T T T T T T T T T 

100 -50  0  50  100 150 200  250 

TIME RELATIVE TO JAN 1ST (DAYS) 

FIGURE 11. Monthly adult (•) and immature (A) 
luteinizing hormone levels in male 
Harris' Hawks. Statistics as in Figure 3. 
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FIGURE 12 . Breeders (•), adult helpers (•) and immature 
helpers ( A ) luteinizing hormone levels in male 
Harris' Hawks . Statistics as in Figure 4. 
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higher during nest building (X=1.84 ng/ml, n=5) and incubation (X=0.81 ng/ml, 

n=8) than during feeding of young (X=0.30 ng/ml, n=8). For adult and 

immature helpers, there were no statistically significant changes in LH between 

nest stages. 

When I examined the effect of role during each nest stage, breeder and adult 

helper LH levels were similar to each other and higher than immature helpers 

(except during feeding of young) but these differences were not statistically 

significant (Table 4E). 

Females: 

Effect of season - For 77 females, LH levels differed significantly between 

months but there were no statistically demonstrable differences due to age or 

handling time (Table 4F and Figure 13). 

Levels in adults were consistently high from January through May (range 

X=1.01 - 1.22 ng/ml, n=48) (Figure 13) and decreased steadily from June 

(X=0.72 ng/ml, n=7) through August (X=0.22 ng/ml, n=2 ), remained low 

through October (X=0.34 ng/ml, n=2) and began to rise again in December (X 

=0.41 ng/ml, n=2). The one female sampled during November had a high level 

of LH (1.68 ng/ml). See Figure 13 for LH levels in immatures. 
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FIGURE 13. Monthly adult (•) and immature (A )  
luteinizing hormone levels in female 
Harris' Hawks. Statistics as in Figure 3. 
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Effect of nestrole - There were no significant differences in female 

plasma LH levels between nestroles or due to handling time (Table 4G and 

Figure 14). 

When I tested for differences between nest stages within each role by 

one-way ANOVA, only in the breeding females did LH levels differ significantly 

between nest stages (Table 4H and Figure 14). In these females, LH levels were 

significantly higher during nest building (X=1.70 ng/ml, n=10) than those during 

feeding of young (X=0.75 ng/ml, n=14) (Table 4H). 

Adult breeders had higher levels of LH than either adult or immature 

helpers during all nest stages but these differences were not statistically 

significant (Table 41). Immature helpers had levels intermediate between those 

of adult helpers and those of the breeders during nest building, incubation and 

feeding of young (Figure 14). 

Prolactin 

The highest Prl levels occurred in female breeders during incubation. Prl 

levels in male breeders were also elevated during incubation but remained lower 

than did Prl levels in female breeders. Interestingly, breeders showed no increase 

in Prl during feeding of young. In contrast, Prl levels in adult male helpers were 
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FIGURE 14. Breeder (•), adult helper (•) and immature 
helper ( A) luteinizing hormone levels in 
female Harris' Hawks. Statistics as in Figure 4. 



highest during feeding of young. Immature helpers showed no variation in Prl 

levels with nest stage. 

Males: 

Differences from females - Average Prl levels in males for whom nestrole 

was known (X=6.80 ng/ml, n=45) were significantly lower than those of females 

(X=9.79 ng/ml, n=50) (Table 5A). 

Effect of season - In adult males, average Prl levels remained steady 

throughout most of the year (range 5.50 ng/ml in Nov., n=l, through 6.55 ng/ml 

in April, n=8), except for a slight rise in May (X=8.64 ng/ml, n=ll) before 

returning to previous levels (Figure 15). In immatures, levels were generally 

below those of adults, except for one immature in February (8.40 ng/ml). There 

were no statistically significant differences in mean plasma Prl levels between 

months, between adults and immatures, or due to handling time (Table 5B). 

Effect of nestrole - Mean Prl levels for those males for whom I knew 

nestrole differed significantly between nestroles (Table 5C). In male breeders, Prl 

levels were highest during incubation (X=8.40 ng/ml, n=8) (Figure 16). Levels 

during nest building (X=5.44 ng/ml, n=5) were significantly lower than during 

incubation but did not differ from those levels seen during feeding of young 

(X=5.87 ng/ml, n=9) (Table 5D). In adult helpers, mean Prl levels increased 
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FIGURE 15. Monthly adult (• ) and immature (A )  
prolactin levels in male Harris' Hawks. 
Statistics as in Figure 3. 
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FIGURE 16. Breeder (•), adult helper (• ) and immature 
helper ( A ) prolactin levels in male 
Harris' Hawks. Statistics as in Figure 4. 
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during nest building (X=6.98 ng/ml, n=6), fell during incubation (X=5.65 ng/ml, 

n=2), and increased sharply during feeding of young (X=9.10 ng/ml, n=6). 

These differences between nest stages in adult helpers were significant (Table 

5D); but due to small sample sizes, Bonferroni multiple comparison tests did not 

indicate which means differed. For immature helpers, there were no statistically 

significant changes in Prl between nest stages (Table 5D) (range of means 5.4 

-6.7 ng/ml, n=8). 

There were no statistical differences between nestroles during 

non-breeding, nest building and incubation (Table 5E). During feeding of young 

however, adult helpers (X=9.10 ng/ml, n=6) had significantly higher levels of Prl 

than did either breeders (X=5.87 ng/ml, n=9) or immature helpers (X=5.60 

ng/ml, n=2). Breeders and immature helpers did not differ statistically from each 

other during feeding of young. 

Females: 

Effect of season - There were significant differences in average Prl levels 

in all females from month to month and between adults and immatures (Table 

5F). 
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In adults, levels were lowest in February (X=4.46 ng/ml, n=9) and July 

(X=5.20 ng/ml, n=l), and increased sharply in the intervening months (March 

X=16.09 ng/ml, n=8, April X=24.88 ng/ml, n=5, May X=9.53 ng/ml, n=ll, 

June X=6.65ng/ml, n=4) (Figure 17). Mean levels in adults ranged from 5.6 

ng/ml to 10.50 ng/ml during November, December and January (Figure 17). 

Levels in immatures, during the four months sampled (February-May), were 

significantly lower than adults (range of means 3.79 - 5.95 ng/ml, n=12). 

Effect of nestrole - Average plasma Prl levels for those females for whom 

I knew nestrole differed significantly between nestroles (Table 5G). 

Only in breeding females did Prl levels differ significantly between nest 

stages (Table 5H). In these females, levels were highest during incubation 

(X=25.47 ng/ml, n=6). Incubation levels were significantly higher than those 

during feeding of young (X=7.31 ng/ml, n= = ll) and nonbreeding (X=4.15 

ng/ml, n=2). Nest building levels (X= 14.12 ng/ml, n=10) were significantly 

elevated above nonbreeding levels. (Figure 18). 

During nonbreeding and feeding of young, differences in Prl levels 

between nestroles were not significant (Table 51). During nest building, breeding 

females had significantly higher levels of Prl than did either adult helpers 

(X=4.00 ng/ml, n=5) or immature helpers (X=4.54 ng/ml, n=9). Adult and 

immature helper levels did not differ significantly from each other during nest 

building. During incubation, breeding females had significantly higher Prl levels 

than did immature helpers (X=4.40 pg/ml, n=l). Although breeding females 
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FIGURE 17. Monthly adult (•) and immature (A )  
prolactin levels in female Harris' Hawks. 
Statistics as in Figure 3. 
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FIGURE 18. Breeder ( •), adult helper (• ) and immature 
helper ( A ) prolactin levels in female Harris' 

Hawks. Statistics as in Figure 4. 
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levels were higher than those of adult helpers (X=9.70 ng/ml, n=l) during 

incubation, this difference was not significant. Adult and immature helper levels 

did not differ from each other during incubation. 

Progesterone 

In both sexes, all significant differences between P levels were due to 

handling time (Figure 19). There were no significant differences between sexes, 

nestroles, months or adults and immatures (Tables 6A, B, C, F, & G). 

Males: 

In males, P levels appeared to be higher in one immature male than in 

breeders and adult helpers during incubation (Figure 20 and Table 6E). 

Handling time in this male (180 min.) was greater however, than the mean 

handling times in breeders (X=110 min., n=8) and adult helpers (X=84 min., 

n=3), accounting for these apparent differences. 

In females, breeders had slightly higher P levels (X=1.44ng/ml, n=10) 

than did adult (X=0.86ng/ml, n=4) or immature helpers (X=0.65ng/ml, n=9) 

during nest building. These differences, although not statistically significant 

(Table 61), do not appear to be accounted for by differences in handling time 

(Figure 21). During nest building, the mean handling time for breeders was 61.8 

min., similar to that of immature helpers (56.7 min.), and lower than that of 
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FIGURE 19. Progesterone values for all Harris' Hawks 
sampled. Handling time equals maximum 
time on trap plus time to bleed. 
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FIGURE 20. Breeder (• ), adult helper ( •) and immature 
helper ( A) progesterone levels in male Harris' 
Hawks. Statistics as in Figure 4. Values in 
parentheses are the mean handling time for 
those samples. 
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FIGURE 21. Breeder (•), adult helper (• ) and immature 
helper (A ) progesterone levels in female Harris' 
Hawks. Statistics as in Figure 4. Values in 
parentheses are mean handling times for those 
samples. 



adult helpers (90.0 min.). In breeding females, P levels were highest during nest 

building and appeared to be higher than those during incubation (X=0.71ng/ml, 

n=7), although not statistically so. Because mean handling times were similar in 

these nest stages (nest building=61.8 min., incubation=65.6 min.) (Figure 21), 

handling time does not appear to account for this apparent difference either. 

A previous study (Vleck & Mays in prep) has shown that progesterone 

increases with handling time in female Harris' Hawks. Progesterone is produced 

in the adrenal cortex as a precursor to corticosterone as well as in the ovary 

(Assenmacher 1973). It is probable that the increase in P with handling time I 

found is due to the increased metabolic activity of the adrenal cortex and/or an 

increase in blood flow to the adrenal associated with stress. Perhaps as a 

consequence of this stress-related release of P from the adrenal cortex, I was 

unable to find patterns in gonadal P release associated with nestrole. 

Corticosterone 

Although B levels differed in both sexes between months, and were 

higher during the breeding season (February through May), most variation in B 

was accounted for by the effect of handling time (Figure 22). 
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FIGURE 22. Corticosterone values for all Harris' Hawks 
sampled. Handling time equals time to bleed 
plus maximum time on trap. 



Males: 

Differences from females - Mean B levels in males (X= 37.67 ng/ml, 

n=49) for whom nestrole was known did not differ significantly from those of 

females (X= 37.44 ng/ml, n=55) (Table 7A). 

Effect of season - There were significant differences in plasma B levels 

between all males from month to month , between adults and immatures and 

due to handling time (Table 7B). Adult levels were lowest in October (X=8.50 

ng/ml, n=2) (Figure 23), increased in November (X=22.67ng/ml, n=l), and 

remained steady throughout the remainder of the year (range of means=26.78 -

42.58 ng/ml). Immature levels averaged lower than those of adults except during 

November and June (Figure 23). 

Effect of nestrole - Average plasma B levels for those 47 males for whom 

I knew nestrole did not differ significantly between nestroles (Table 7C). All 

variation in B levels in these males was accounted for by handling time. 

Females: 

Effect of season - Mean B levels differed significantly, in the 80 females 

sampled, from month to month and due to handling time (Table 7F). There 

were no significant differences between adult and immature B levels. B levels 

were lowest from August through December, increased in January, and were 
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FIGURE 23. Monthly adult (•) and immature (A  )  
corticosterone levels in male Harris' 
Hawks. Statistics as in Figure 3. 
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highest during the breeding season (February-May), returning to levels in June 

and July similar to those in January (Figure 24). 

Effect of nestrole - Average plasma B levels in 53 females for whom I 

knew nestrole, did not differ significantly between nestroles (Table 7G). As in 

males, all significant variation in B levels in these females were accounted for by 

handling time (Tables 7H & 71). 

Corticosterone is the major adrenocorticoid in birds associated with stress 

and this effect of handling time has been demonstrated in several other species 

(review in Harvey et al. 1984). In the White-crowned Sparrow the stress effect is 

more pronounced in birds during nonbreeding than the breeding season 

(Wingfield et al. 1982) but I found higher levels of B in female Harris' Hawks 

during the breeding season even when the effect of handling time was taken into 

consideration. 



TIME RELATIVE TO JAN 1ST (DAYS) 

FIGURE 24. Monthly adult (•) and immature ( A )  
corticosterone levels in female Harris' 
Hawks. Statistics as in Figure 3. 



Body Mass 

Mass decreased with nest stage in all birds except adult and immature 

female helpers in which sample sizes were too small to detect a pattern. Female 

breeders weighed more than did adult female helpers but male breeders did not 

differ from adult male helpers. 

Males: 

The mean weights of adult male helpers (X=730 g, S.E.=15, n=14) did 

not differ significantly from the average weight of breeding males (X=710 g, 

S.E.=11, n=22) (Table 8A). Nest stage had a significant effect on weights of 

both helpers and breeders. Mass decreased with nest stage; that is, adult males 

were heaviest during non-breeding and lightest while feeding young (Figure 25). 

Females: 

In contrast to males, a two-way ANOVA followed by Bonferroni multiple 

comparison tests (Table 8B) showed that breeding females (X=1060 g, S.E. = 15, 

n=29) were significantly heavier than adult female helpers (X=1000 g, S.E.=17, 

n=9). Similarly to males, nest stage had a significant effect on weights of 

females and mass decreased with nest stage in alpha females (Figure 26). 
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FIGURE 25. Mass of breeders (• ), adult helpers (•) and immature 
helpers (A) in male Harris' Hawks. Values indicate the 
means for all measurements in that group plotted on the 
mean day relative to egg laying that the measurement 
was taken. Error bars as in Figure 3. 
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FIGURE 26. Mass of breeders (•), adult helpers (•), and immature 
helpers ( A) in female Harris' Hawks during all nest 
stages. Error bars as in Figure 3. 



Brood Patch 

I examined 58 males and 72 females for evidence of a brood patch. 

Although alpha males incubate, no males showed any sign of a brood patch 

except one breeding male, which had slight defeathering of the breast at the end 

of incubation but no vascularization. Among the females I examined for a brood 

patch, there were 32 known breeders, 8 adult helpers, and 8 immature helpers. 

Only breeding females had brood patches and began developing a brood patch 

(brood patch=l) as early as 55 days prior to the first egg. They had a fully 

functional brood patch (brood patch=3) as early as 8 days prior to the first egg. 

Some breeders showed no sign of a brood patch during nestbuilding. Most 

breeders had a functional brood patch during incubation (n = 5 out of 7). Most 

breeders showed a regressing brood patch after hatching (brood patch=4). 

Cloacal Swelling 

I examined 41 males and 40 females for cloacal swelling. No males 

showed any evidence of cloacal swelling. Among the females examined whose 

role at the nest was known, there were 17 breeders, 5 adult helpers, and 5 

immature helpers. Ten breeders showed cloacal swelling from -57 to 17 days 

relative to the first egg. Only one adult helper had swelling of the cloaca (3 days 

prior to the first egg). No immature helpers had any cloacal swelling. E levels 
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were higher in the 10 breeders who had swollen cloacal openings (X= 58.64 

pg/ml, range=9.00 - 155.30 pg/ml) than in the 6 breeders with no cloaca! 

swelling (X=21.40 pg/ml, range=8.00 - 53.68 pg/ml) and in the adult helpers 

(X= 11.09 pg/ml, range=6.00 - 21.56 pg/ml, n=5); only one of whom had 

swelling of the cloaca (E= 11.00 pg/ml). These differences in E levels approached 

but did not reach significance (p=.093). LH levels were significantly higher in 

the breeders with swollen cloacas (X=1.51 ng/ml, n=10) than both the breeders 

(X=0.55 ng/ml, n=6) and adult helpers (X=0.73 ng/ml, n=5) who lacked cloacal 

swellings (F=6.47, p=0.02, df=l). Elevation in LH levels are correlated with 

ovulation in birds (review in Silver & Cooper 1983) as are LH levels, ovulation 

and maximal estrus swelling in some mammals (Vaughn 1978). Cloacal swelling 

may signal the male Harris' Hawk that the female is receptive as does estrus 

swelling in mammals (Devore & Hall 1965). 

Cloacal Contents 

Four out of eight breeding males had sperm in their cloacal contents 

(Table 9A). I found no sperm in the cloacal contents of 7 adult helpers, 4 

immature helpers and 7 males whose role was unknown. I found no sperm in 

the cloaca of one alpha breeder five days prior to the first egg. This male was 



the only male at a nest lacking helpers and the eggs in the nest hatched. This 

indicates that the use of cloacal "stripping" to detect sperm is not infallible. 

Breeders using artificial insemination in raptors have noted a higher success rate 

with sperm samples taken from an imprinted male who would readily copulate 

with a handler's hand than with sperm samples "stripped" from the cloacas of 

males using the technique I used to obtain samples (Corten 1973 but see Bird et 

al. 1976). 

High T levels were not significantly correlated with the presence of sperm 

(F=1.95, p=0.19, df=l). Although T levels in the 4 breeders which had sperm 

(X=573.50 pg/ml, range 21.1 - 1701.9 pg/ml) were higher than T levels in the 4 

breeders which had no sperm (X=52.81 pg/ml, range 17.9 - 121.0 pg/ml), 

breeders' T levels were similar to those of the 8 adult helpers which lacked 

cloacal sperm (X= 447.91 pg/ml, 11.5 - 1914.0 pg/ml). The average LH level in 

breeders having sperm in their cloacas (X=1.74 ng/ml, n=4) was higher than 

both the breeders (X=1.35 ng/ml, n=4) and adult helpers (X=1.34 ng/ml, n=7) 

lacking sperm in their cloacas but these differences also were not significant 

(F=0.42, p=0.53, df=l). 

Elevated plasma T levels are not necessarily correlated with the 

occurrence of spermatogenesis in males. That I found only a few sperm per 

microliter, when sperm were present, suggests that detection of cloacal sperm in 



Harris' Hawks using the "stripping" technique may reflect only the remnants of a 

recent successful copulation and not an actual ejaculate. My failure to detect 

cloacal sperm in Harris' Hawk helpers may be due to the fallibility of the 

"stripping" technique, or to lack of the male's opportunity to successfully 

complete copulation, rather than an absence of spermatogenesis. Laparotomies 

of breeding and helper males during egg-laying by the alpha female might help 

to elucidate whether spermatogenesis is occurring in helpers. 
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DISCUSSION 

Nonbreeding in Helpers 

In cooperatively breeding species, the absence of breeding in helpers has 

been attributed to lack of sexual maturity (as helpers are normally younger than 

breeders), or to a direct inhibition of breeding in helpers by the breeding pair 

(Reyer et al. 1986). Inhibition could be achieved behaviorally, e.g. the helpers 

could be physically prohibited from copulation (usually thorough mate-guarding 

by the male) (Reyer et al. 1986). Direct inhibition of breeding in helpers could 

also occur at a physiological level (Brown 1978, Reyer et al. 1986); achieved by 

inhibition of the gonads or the anterior pituitary/hypothalamic axis. Physiological 

inhibition could be accomplished through stress due to domination by the 

breeder of the same sex (Reyer 1986a), e.g. an alpha male might react to the 

presence of a potentially competing male and physically dominate the helper, 

causing a hormonal suppression in the helper that prevents breeding. 

Alternatively, physiological inhibition might occur in a helper in the presence of 

the parent of the opposite sex, presumably as the result of selection for the 

avoidance of inbreeding. 



The data I report for Harris' Hawks do not permit unequivocal distinction 

between the hypotheses outlined above. Together with data from the literature, 

however, they are most consistent with the hypothesis that nonbreeding in 

helpers is associated with endocrine suppression when they help in a group that 

includes their opposite-sex parent as a breeder, and is presumably related to 

incest avoidance. The Harris' Hawk data also clarify the kinds of behavioral 

experiments and hormonal data that will be needed to make such a distinction. 

Reproductive maturity 

In Harris' Hawks, the low LH and sex steroid levels found in most 

juvenal-plumaged helpers are consistent with all of the hypotheses outlined 

above. Other data, however, allow me to tentatively reject the hypothesis that 

helpers are reproductively immature. Both sexes of Harris' Hawks have been 

reported to breed while still in juvenal plumage (Whaley 1986), and one juvenal-

plumaged male I sampled had a T level higher than the mean value for 

breeding males. Consequently, it is inappropriate to accept the hypothesis that 

lack of breeding in most juvenal-plumaged Harris' Hawks is due to reproductive 

immaturity while there are alternative hypotheses that are more consistent with 

available data. It is of course possible that Harris' Hawk individuals vaiy in the 

age at which they mature, and juvenal-plumaged breeders may have been 
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exceptionally precocious. My hormonal data suggest that in males, at least, 

Harris' Hawks are reproductively competent by the time they have molted into 

adult plumage. Adult male helpers have LH and T levels indistinguishable from 

those of breeding males (Figures 12, 3), so reproductive immaturity is unlikely to 

account for nonbreeding in these birds. Adult-plumaged female helper, however, 

have LH and T levels lower than those of breeding females, an observation that 

could be consistent with reproductive immaturity, as well as any of the other 

hypotheses listed above. 

Reyer et al. (1986) rejected the hypothesis that the lower T levels in 

(usually younger) primary helpers of the cooperatively breeding Pied Kingfisher 

was due to incomplete maturation. They found that T levels did not necessarily 

correlate with age but with helper status. In addition, some primary helpers are 

failed breeders that have returned to their natal territories. Presumably these 

individuals had the hormone levels necessary to breed prior to returning to their 

parents' territories, thus it is unlikely that they are not capable of elevated T. 

Studies of other cooperative species that had previously been thought to exhibit 

delayed maturity have now shown that first-year individuals can and do breed 

under appropriate circumstances (Stallcup & Woolfenden 1978, Koenig & 

Mumme 1987). 
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Dominance status and LH & T levels 

In Harris' Hawks, B plasma levels did not differ between breeders and 

helpers. Thus there is no hormonal evidence that stress levels differ between 

birds in a group and I cannot support the hypothesis that lack of breeding by 

helpers is due to high stress levels associated with subordinate social status. 

Levels of B varied with handling time, however, and it is possible that the 

secretion of B due to acute stress might over-shadow the secretion of B due to 

chronic stress. 

In the Harris' Hawk, male breeders and adult helpers are members of 

groups with hierarchies that are well established before the nesting season 

(Dawson 1988). Aggressive behavior within groups during the nesting season 

usually takes the mild form of dominants supplanting subordinates. Very few 

intense agonistic encounters occur. 

The low levels of T in most immature male helpers relative to breeders 

and adult male helpers is unlikely to be due simply to their low rank in the 

dominance hierarchy. If this were the case, one would expect T levels in 

subordinate adult helpers to also be lower than in the dominant breeders, which 

is not the case. Most studies correlating hormone levels with degree of 

dominance have indicated that subordinates do not differ in hormone levels from 
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dominants once social relationships between birds have become well established 

(Balthazart et al. 1979, Tsutsui & Ishii 1981, Rohwer & Wingfield 1981), 

although T levels can play an important role in determining status in the first 

place (Ramenofsky 1984, Hegner & Wingfield 1987b but see Searcy & Wingfield 

1980). Harris' Hawk groups are well established and stable by the nesting season 

in March and therefore the low level of T and lack of breeding in immature 

helpers is probably not due solely to their subordinate status in the dominance 

hierarchy. 

Adult male helpers appear to be physiologically capable of moving into a 

vacated breeding slot and breeding immediately. Immature male helpers are 

usually subordinate to an adult male helper as well as the alpha male. It is 

possible that the low T levels found in immature helpers may reflect the 

decreased likelihood of an immature male helper competing successfully for a 

breeding slot, even if one were to be vacated. If this were the case, I would 

predict T levels in immature male helpers from groups consisting of a breeding 

pair plus only one immature male helper should be as high as those in the alpha 

male during nest building. Unfortunately, I captured no lone immature male 

helpers fitting these conditions to test this prediction. 

Wingfield and Moore (1986) has reported that T levels increase in male 

birds following repeated aggressive interactions with other males. In Harris' 
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Hawks, there is a qualitative difference in the degree of aggression between 

helpers and the male breeder. More (63%) supplantations were observed 

between alpha males and beta males than between alpha males and gamma 

members (37%) (Dawson 1988). Thus more aggressive interactions occur 

between alpha males and adult helpers than between alpha males and immature 

helpers. The elevated T levels in adult male helpers could result from these 

agonistic interactions, which in themselves may elevate T (Wingfield & Moore 

1986). Testosterone did not influence rate of supplantations per subordinate in 

the Red-winged Blackbird, although it did influence the rate of attacks per 

subordinate (Searcy & Wingfield 1980), and likely does not influence the rate of 

supplantations in Harris' Hawks. 

Relatedness and reproductive hormones in cooperative breeders 

In Harris' Hawks, alpha breeders remain on the same territory year after 

year, thus helpers who remain on natal territories are likely to be helping their 

parents. By banding nestlings for 4 years and following the composition of 

groups in the vicinity, Dawson and Mannan (in prep) established that 55% of all 

immature helpers are male offspring of the breeders they are helping, 20% are 

female offspring, and 28% are male and female immigrants to the territory. 
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Most of the immature helpers sampled in this study are therefore likely to be 

offspring of the breeders they are helping. 

Dispersal of offspring increases with age in Harris' Hawks and females 

tend to disperse earlier than do males (Bednarz 1987, Dawson 1988). Less than 

6% of female offspring remain on natal territories by their second year (after 

molting into adult plumage) and none remain by their third year. Slightly less 

than 50% of male offspring remain on their natal territories during their second 

year, less than 20% remain in their third year, and none in their fourth year 

(Dawson & Mannan in prep). Adult male helpers can be older than four years. 

Three adult male helpers at nests on the Florence study area had been banded 

more than 8 years earlier (Dawson, pers. comm.). Most of the adult helpers I 

sampled are probably not offspring of the breeders that they are helping, 

although a few may have been two-year old males on their natal territories. The 

adult female helpers sampled are even less likely to have been offspring of the 

breeders they helped. 

The pattern of low T levels in immature helpers and high T levels in 

adult helpers during the nesting stage is consistent with the hypothesis of incest 

avoidance. Immature males, that usually help on their mothers' territories, have 

low T levels and are probably incapable of breeding quickly, even if the alpha 

male disappeared. Adult male helpers are probably not closely related to the 



breeders, have high T levels, and probably are capable of breeding quickly if the 

alpha male disappeared. Further support for this hypothesis would require 

knowing the relatedness of all the helpers and breeders and a test of the 

hypothesis might involve removing the alpha male to see if the helpers would 

assume the breeding status only if they were not related to the alpha female. In 

this study, among the four immature male helpers sampled during the nest 

building stage, the only immature male who was not helping on his parent's 

territory was the only immature male with high T levels (Figure 4). This 

observation lends support to the hypothesis that reproduction is suppressed in 

birds that are helpers at the nest of their parents. 

If low T levels in birds helping on their natal territories are related to 

inbreeding avoidance, it should be possible to identify a mechanism linking the 

two. Because LH concentrations parallel concentrations of T with nestrole, the 

mechanism is presumably neural, acting above the anterior pituitary/hypothalamic 

axis. Because of the structure of dominance hierarchies in Harris' Hawks, I 

suggest that it may be that dominance by opposite sex parents is the cue that 

initiates reproductive suppression of helpers. Hormone data from Pied 

Kingfishers are consistent with those for Harris' Hawks. Reyer (1986) suggested 

that there was incest avoidance in one class of helpers in the Pied Kingfisher, 
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but he attributed the low levels of T in these helpers to dominance suppression 

by the same sex breeders (Reyer et al. 1986). 

The Pied Kingfisher has two types of helpers: primary and secondary 

(Reyer 1980). Primary helpers are offspring of the breeding pair from a previous 

year, whereas secondary helpers are not related to the breeders (Reyer 1986). 

Primary helpers are associated with the breeders throughout the entire nesting 

cycle. In contrast, secondary helpers are not tolerated by the breeders before the 

young hatch and thereafter only when the parent's feeding capacities are 

exceeded (Reyer 1984, Reyer & Westerterp 1985). Reyer et al. (1986) found 

that, prior to egg laying, secondary helpers had T levels similar to the breeders 

while primary helpers had significantly lower T levels. He accounted for these 

differences by suggesting breeding males suppressed the physiological 

reproductive status of primary helpers through long association but duration of 

association with secondaiy helpers was too short for suppression to occur. 

Reyer et al. (1986) hormone data, however, are also consistent with the 

hypothesis that reproductive readiness is inhibited in the primary helpers because 

the potential mate is also a parent. His behavioral data provide additional 

support (Reyer 1986). In seven cases secondary helpers had an opportunity to 

breed in a slot vacated by the male breeder they helped. In all seven cases the 

secondary male helper moved into the vacated slot and bred with the widowed 



female who was not his mother. In six cases primary helpers had an opportunity 

to move into a slot vacated by a breeder. In four of the six cases the primary 

helper dispersed and ultimately bred with another female, and in two cases he 

moved into the vacated position. In the four cases of dispersion, the vacated slot 

would have mated him to his mother; in the two cases where the primary helper 

bred with the widowed female, she was not his mother. Unfortunately, the 

hormone levels of these individuals are not known, but I would predict that 

primary helpers will have high T levels similar to the secondary helpers if they 

are not helping their own mothers. Again it will be necessary to have more 

information about the hormonal condition of helpers and breeders, a knowledge 

of the relatedness of the birds, and more information about inheritance of 

breeding slots, before it will be possible to separate the effects of dominance (by 

the same sex breeders) from the effects of avoidance of breeding with the 

opposite sex parent on the reproductive systems of the helpers in the Pied 

Kingfisher. 

Acorn Woodpeckers (Koenig & Pitelka 1979) and Florida Scrub Jays also 

have well-developed behavioral mechanisms to avoid close consanguineous 

matings (Woolfenden & Fitzpatrick 1978), although nothing is known of the 

hormonal status of the helpers in these cases. Koenig and Pitelka (1981) 

suggested the likelihood that helper males will cuckold the alpha male, or helper 
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females will parasitize the alpha female, should be greater when the individuals 

involved are not related. Whether this results from a hormonal suppression in 

related helpers needs to be investigated. 

Nonbreedinp in female Harris' Hawks 

The pattern of low LH and E plasma levels seen in immature females is 

consistent with the presence of inbreeding avoidance in the Harris' Hawk 

because most immature female helpers are helping on their natal territories. 

Adult helper females, however, had lower LH and E titers than alpha females 

and were probably not related to the breeders they helped. Given my 

incomplete knowledge of relatedness, incest avoidance alone probably cannot 

account for the observation that the LH and E levels are low in all female 

nonbreeders. 

Female-female competition may be playing an important role in causing 

the female-biased dispersal patterns seen in many cooperative breeders (Koenig 

et al. 1983). In the Acorn Woodpecker, competition between communally nesting 

females is greater than among males and decreases the reproduction of groups 

significantly more than does competition among males in the group (Koenig et 

ah 1983). Younger and more subordinate females lay fewer eggs in the presence 

of dominant females in the pukeko (Jamieson & Craig 1987). A similar 
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phenomenon is seen in some mammals (see references in Wasser 1983). Perhaps 

dominance by alpha females does suppress reproductive levels in adult helper 

females in Harris' Hawks. An adult female helper, capable of reproducing, may 

pose a greater threat to the alpha female or to group stability, than 

reproductively competent adult male helpers do to alpha males, although why 

this should be the case is not clear. A comparison of reproductive output of 

those rare groups in which beta female helpers lay eggs (Sheehee & Dawson in 

prep) with the output of other groups would elucidate the possible costs to 

having more than one breeding female in a group. 

Body Mass 

Adult female helpers weigh significantly less than do breeding female 

Harris' Hawks (Figure 26). The low E levels found in the adult female helpers 

during the early nesting stages may be due to poor body condition rather than 

to any social suppression of hormones. Brown (1983) has also suggested that 

helpers in other cooperatively breeding species may be constrained to help 

rather than breed because they are energetically incapable of reaching breeding 

condition. Unsuccessful breeding has been attributed to a less than adequate 

weight gain in females for many wild and captive species including raptors 

(Newton 1979, Hardy et al. 1981, Rehder 1985) and reduced food intake has 
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dramatic antigonadal effects (see Wingfield 1985 for review) or results in lower 

reproductive output (Drent & Daan 1980) in all avian species investigated. For 

instance, poor body condition, i.e. low fat deposits and body mass, result in low 

circulating levels of T in male Song Sparrows (Wingfield 1985b). 

In the male Harris' Hawk, adult helpers and breeders do not differ in 

mass but all males show a decline in mass over the course of the breeding 

season. Male kestrels show a similar mass loss during nesting (Rehder et al. 

1988). Similar weight profiles have been reported for birds of other species 

(Woolfenden & Fitzpatrick 1978, Berry et al. 1979, Donham 1979, Lincoln et al. 

1980, Dittami 1981, Harding et al. 1981, Dawson & Howe 1983, Wingfield 

1984b,c, Hegner & Wingfield 1986, 1987). In female Harris' Hawks, breeding 

individuals show a similar decline in mass during the nesting season but the both 

adult and immature female helpers do not appear to decrease in mass with 

nesting stage, although sample sizes during incubation and feeding of young are 

too small to be conclusive. 

Loss of body mass during the nesting season could be the result of many 

things. Rehder et al. (1988) suggested that the seasonal mass loss in male 

kestrels may reflect the negative correlation between air temperature and food 

consumption documented for this raptor (Craighead & Craighead 1956). High 

air temperatures occurring in Arizona late in the nesting season reduce 



100 

mammalian prey activity and may therefore reduce food availability and result in 

body mass loss. Mass loss could also be an adaptation to reduce the metabolic 

cost of flying during the nestling stage or simply result from the increased 

energetic demands of hunting for and feeding the nestlings (see Walsberg 1983 

for review). The latter suggestion could explain the apparent lack of weight loss 

in the female helpers, because they contribute relatively little to care of the 

nestlings (Dawson 1988) and therefore may not be as energetically stressed by 

the care of the young. In four typical Harris' Hawk groups consisting of a male 

and a female immature helper, one adult male helper and the breeding pair, the 

female helper provided only 9% of the total food to the nestlings, whereas the 

adult male helper provided 37% of the prey, the immature male helper provided 

22%, and the alpha male provided 30%. The alpha female also delivered only 

2% of the total prey to the young but did perform most of the incubation and 

direct feeding of the young, which may account for the decline in the body mass 

in alpha females with nest stage. 

Endocrine Basis of Helping 

As in most monogamous species studied, LH and steroid levels fell in 

breeding Harris' Hawks of both sexes at the onset of incubation. Elevated T 

levels are thought to be incompatible with parental care in males (Silverin & 
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Wingfield 1980, Hegner & Wingfield, 1986a, 1987). Similar dramatic decreases in 

E following egg-laying have been reported for the American Kestrel (Rehder 

1986), although levels of E do not necessarily decrease at the onset of 

incubation in all species (Donham 1979, Schwabl et al. 1980, Wingfield 1984c). 

As expected, prolactin (Prl) levels were elevated in breeding female 

Harris' Hawks during incubation concomitant with the presence of functional 

brood patches. Increases in Prl have been correlated with incubation and brood 

patch formation regardless of which sex is performing the incubation duties 

(Hohn & Cheng 1965). In some species, males do incubate without brood 

patches (review by Silver & Cooper 1983). Breeding male Harris' Hawks have 

elevated Prl levels and incubate but lack a functional brood patch. No adult 

helpers developed a brood patch or incubated in this study and none had 

elevated Prl during the incubation stage. 

It was surprising that Prl did not increase or remain high in either the 

male or female breeders during feeding of the young. This observation resembles 

the pattern seen in precocial species in which there is a relative lack of parental 

care and no rise in Prl during feeding of young. In all other altricial species 

studied Prl levels are elevated in the parents when they are feeding young 

(Goldsmith 1983, Silverin & Goldsmith 1983, Myers et al. 1989, Wingfield et al. 

1989). The lack of elevated Prl in Harris' Hawk breeders could be due to the 
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relatively low levels of feeding the breeders must do because the helpers provide 

most of the food for the nestlings. 

It is interesting that there is a significant increase in Prl in adult male 

helpers during feeding of young in contrast with breeders, immature male 

helpers, or female helpers. I suggest that elevated Prl in the adult male helpers 

is correlated with, and possibly causally related to, the major contribution they 

make to the care of the young after hatching. It would be valuable to have 

measurements of Prl in helpers of other species, correlated with the amount of 

care they provide to the young in order to test this hypothesis. 

Interspecific Comparisons 

LH levels in breeding male and female Harris' Hawks are lower than 

those of the same sex in most other species studied (Lincoln et al. 1980, Silverin 

& Wingfield 1982, Dufty & Wingfield 1986, Hiatt et al. 1987), although they are 

similar to those in the polyandrous Spotted Sandpipers (Actitis macularici) 

(Rissman & Wingfield 1984) and Pied Flycatcher females (Silverin & Wingfield 

1982). In addition, T levels in breeding male Harris' Hawks are lower than T 

levels reported for breeding males during the nesting season in most 

monogamous and polygamous species (Wingfield & Farner 1978b, 1980, Lincoln 

et al. 1980, Silverin & Wingfield 1982, Wingfield 1984b,c, Fivizzani et al. 1986, 
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Fivizzani & Oring 1986, Hegner & Wingfield 1986a,b, Rehder et al. 1988). 

Plasma T levels in male breeders and adult helpers in the Harris' Hawk are 

similar to levels reported in male Western Gulls (Lariis occidentalis wymani) 

(Wingfield et al. 1982) and the wild Mallard (Anas platyrhynchos) (Donham 

1980), and only slightly lower than levels in the polyandrous Spotted Sandpiper 

(Actitis macularia) (Rissman & Wingfield 1984). 

Relatively low levels of LH and T seem to be found in those species that 

are not strongly territorial. Wild Mallard males mate-guard for long periods prior 

to egg-laying but do not defend territories (Donham 1980). Also, polyandrous 

males in the sex role-reversed Spotted Sandpiper do not defend territories. 

Western gulls usually pair for life and mates return to the same territory year 

after year (Wingfield et al. 1982). Wingfield et al. (1987) suggested the low T 

levels found in male Western Gulls were the result of the low levels of 

competition between males for mates and nest sites. Bednarz (1987) described 

the Harris' Hawk in New Mexico as nonterritorial. Dawson (1988) reported that 

groups in Arizona reside on nesting territories all year, continuously defend at 

least a portion of their territory, and all group members participate in this 

defense to some degree. Overt aggression (attacking, chasing and foot grabbing) 

occurs between groups of Harris' Hawks during the winter (Dawson 1988) but to 

a lesser degree than that found in intra-specific territorial disputes in other 
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raptors (de Vries 1973, Newton 1979). More than one group may hunt, feed and 

perch together during the winter (Mader 1975a, Whaley 1986, Dawson 1988, 

pers. obs.). The relatively low amplitude of T cycles in male breeding Harris' 

Hawks compared to other species may be a reflection of their lack of 

territoriality or of the relatively low level of conflict present in territorial 

disputes. The rise in T during the nestbuilding stage is presumably associated 

primarily with courtship behavior and nest defense. 

Among female Harris' Hawks, only alpha females have elevated T levels 

and only during the nestbuilding stage. In other species, females show elevated T 

levels only when they participate in territorial defense (Wingfield & Farner 

1978b, Rissman & Wingfield 1984). Harris' Hawk breeding females do 

participate in territorial defense and are especially likely to exhibit aggressive 

behavior towards other breeding females or nest predators (Dawson 1988). 

Unlike Western Gulls, in which females have levels of T equivalent to those of 

the males, T levels in Harris' Hawk females, although elevated, are significantly 

lower than those of the males. Testosterone levels in female helpers were not 

elevated during nestbuilding and female helpers are much less likely to defend 

the nest during human intrusion than are female breeders (3% of intrusions 

defended by female helpers versus 89% by female breeders) (Dawson 1988). 
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E levels in breeding Harris' Hawk females are much higher than those 

reported for polyandrous Spotted Sandpiper females (Rissman & Wingfield 

1984), similar to E levels reported in European Blackbirds (Turdus merala 

(Schwabl et al. 1980) and Western Gulls (Wingfield et al. 1982), and lower than 

levels reported for breeding female American Kestrels (Rehder et al. 1986), 

White-crowned Sparrows (Wingfield & Farner 1976) and Song Sparrows 

(Melospiza melodia) (Wingfield 1984c). Clearly there is a lot of variance between 

species in the amount of E required for female reproduction. 
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TABLE 2. Results of Analysis of Variance (ANOVA) and Bonferroni 
tests on testosterone (T) levels in Harris' Hawks 

(BON) 

TEST MODEL N F or t statistic R-squared EFFECT df 

2A - MALES 

3-way ANOVA 

1-way ANOVA 
BON 

2B - MALES 

2-way ANOVA 

2C - MALES 

1-way ANOVA 
BON 

1-way ANOVA 
BON 

T=age,month 
handling time 

T=age 
(March only) 

T = nestrole, 
handling time 

67 

1 2 

48 

T=nest stage 
(alpha breeders) 2 2 

(adult helpers) 1 8 

1-way ANOVA (immature helpers) 10 

3.63 
3.58 
3.96 
0.11 

5.68 
2.23 

2.69 
2.65 
<0.01 

6.73 
2.63 

5.87 
3.07 

0.35 

0.001 * 
0.064 
0.001 * 
0.682 

0.038* 
<0.05* 

0 .012*  
0 .016*  
0.991 

0.006* 
<0.05* 

0 .008*  
<0.05* 

0.794 

0.365 

0.362 

0.451 

0.415 

0.557 

0.148 

all 3 
age 

month 
handling time 

age 
age 

both 
nestrole 

handling time 

nest stage 

nest stage 

nest stage 

9 
1 
7 
1 

1 
1 0 

1 1 
1 0 
1 

2 
1 9 

3 
1 4 

o 



TABLE 2. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on testosterone (T) levels in Harris' Hawks 

TEST MODEL N F or t statistic P R-squared EFFECT df 

- MALES 

1-way ANOVA 
T=role 

(non-breeding) 6 2.85 0.167 0.416 role 1 

1-way ANOVA (nest building) 15 1.11 0.362 0.156 role 2 

1 -way ANOVA (incubation) 1 2 0.89 0.443 0.166 role 2 

1-way ANOVA (feeding of young) 1 7 0.53 0.597 0.071 role 2 

- BOTH SEXES 

3-way ANOVA T=sex,nestrole, 
handlingtime 

101 5.05 
10.66 
4.73 
2.53 

<0.001* 
0 .002* 
<0.001* 
0.115 

0.430 all 3 
sex 

nestrole 
handling time 

1 3 
1 

1 1 
1 

- FEMALES 

3-way ANOVA T=age, month, 
handling time 

82 2.82 
4.08 
2.62 
6.04 

0.003* 
0.021* 
0.009* 
0.017* 

0.351 all 3 
age 

month 
handling time 

1 3 
2 

1 0 
1 

O 
CO 



TABLE 2. Results of Analysis of Variance (ANOVA) and Bonferroni 
tests on testosterone (T) levels in Harris' Hawks 

(BON) 

TEST MODEL N F or t statistic R-squared EFFECT df 

2G - FEMALES 

2-way ANOVA T=nestrole, 
handling time 

2H - FEMALES 

1-way ANOVA 
BCN 

1-way ANOVA 

1-way ANOVA 

53 

T=nest stage 
(alpha breeders) 3 4 

(adult helpers) 9 

(immature helpers) 12 

4.94 
4.26 
4.58 

0.40 

2.01 

<0.001* 
<0.001* 
0.038* 

0.762 

0.192 

0.570 

11.27 <0.001* 0.530 
2.83 <0.05*  

0.192 

0.429 

both 
nestrole 

handling time 

nest stage 
nest stage 

nest stage 

nest stage 

1 1 
1 0 
1 

3 
30 

3 

3 

O <r> 



TABLE 2. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on testosterone (T) levels in Harris' Hawks 

TEST MODEL N F or t statistic R-squared EFFECT df 

21 - FEMALES 

1-way ANOVA 
BON 

1-way ANOVA 
BON 

1-way ANOVA 

1-way ANOVA 

T=role 
(non-breeding) 6 

(nest building) 2 4 

(incubation) 9 

(feeding of young) 1 6 

14.79 
4.86 

12.17 
2.60 

0.37 

0.53 

0.028* 
>0.05 

<0.001* 
<0.05* 

0.706 

0.600 

0.908 

0.537 

0.110 

0.076 

role 

role 

role 

role 

2 
3 

2 
2 1  

2 

2 



TABLE 3. Results from Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on estradiol (E) levels in Harris' Hawks 

TEST MODEL N F or t statistic R-squared EFFECT df 

3A - BOTH SEXES 

3-way ANOVA E=sex, nestrole 
handling time 

3B - MALES 

3-way ANOVA E=age, month, 
handling time 

3C - MALES 

2-way ANOVA E=nestrole, 
handling time 

99 

65 

4 6  

4.98 <0.001* 0.434 al l  3  13 
3.34 0.071 sex 1  
4 .55 <0.001* nestrole 11 
0.18 0.675 handl ing t ime 1 

1 .04 0.419 0.146 al l  3  9 
0.03 0.865 age 1 
1.31 0.261 month 7 
1.05 0.309 handl ing t ime 1 

0 .78 0.654 0.202 both 1 1  
0 .72 0.698 nestrole 10 
1.13 0.295 handl ing t ime 1  



TABLE 3. Results from Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on estradiol (E) levels in Harris' Hawks 

TEST MODEL N F or t statistic P R-squared EFFECT df 

D - MALES 

1-way ANOVA 
E=nest stage 

(alpha breeders) 20 1.09 0.358 0.114 nest stage 2 

1-way ANOVA (adult helpers) 1 8 0.32 0.809 0.065 nest stage 3 

1-way ANOVA (immature helpers) 1 0 0.57 0.657 0.221 nest stage 3 

- MALES 

1-way ANOVA 
E=role 
(non-breeding) 6 0.15 0.722 0.351 role 1 

1-way ANOVA (nest building) 1 5 0.58 0.572 0.089 role 2 

1-way ANOVA (incubation) 1 2 0.40 0.682 0.082 role 2 

1-way ANOVA (feeding of young) 1 5 2.99 0.088 0.333 role 2 



TABLE 3. Results from Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on estradiol (E) levels in Harris' Hawks 

TEST MODEL N F or t statistic R-squared EFFECT 

3F - FEMALES 

3-way ANOVA E=month, age, 
handling time 

1-way ANOVA 

3G - FEMALES 

2-way ANOVA 

3H - FEMALES 

1-way ANOVA 
BON 

1-way ANOVA 

1-way ANOVA 

E=nestrole, handling 
time 

8 1  

E=age (March only) 1 3 

53 

E=nest stage 
(alpha breeders) 3 4 

(adult helpers) 9 

(immature helpers) 12 

2.71 
3.42 
1.98 
2.13 

1 . 1 8  

5.58 
5.08 
1.67 

12.54 
2.83 

0.48 

0.80 

0.004* 
0.039* 
0.049* 
0.149 

0.301 

<0.001* 
<0.001* 
0.203 

<0.001 
<0.05* 

0.713 

0.527 

0.345 

0.097 

0.599 

0.556 

0.222 

0.231 

all 3 
age 

month 
handling time 

age 

all 3 
nestrole 

handling time 

nest stage 

nest stage 

nest stage 



TABLE 3. Results from Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on estradiol (E) levels in Harris' Hawks 

TEST MODEL N F or t statistic R-squared EFFECT df 

31 - FEMALES 

1-way ANOVA 

1-way ANOVA 
BON 

1-way ANOVA 

1-way ANOVA 

E=role 
(non-breeding) 6 

(nest building) 2 4 

(incubation) 9 

(feeding of young) 1 6 

8.51 

13.12 
2.60 

1.19 

1.07 

0.058 

<0.001* 
<0.05* 

0.368 

0.372 

0.850 

0.556 

0.284 

0.141 

role 

role 

role 

role 

2 
2 1  

2 

2 



I  
TABLE 4. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on luteinizing hormone (LH) levels in Harris' Hawks. 

TEST MODEL N F or t statistic p R-squared EFFECT df 

4A - BOTH SEXES 

4-way ANOVA LH=sex, nestrole, 98 5.08 <0.001* 0.440 all 4 1 4 
handling time 5.62 0.024* nestrole 1 1 

4.00 <0.001* sex 1 
2 .52 0.116 handling time 1 

- MALES 

3-way ANOVA LH=age, month, 65 6.19 <0.001* 0.503 all 3 9 
handling time 3.65 0.061 age 1 

6 .28 <0.001* month 7 
3.90 0.053 handling time 1 

1-way ANOVA LH=age 1 2 8.26 0.017* 0.452 age 1 
(March only) 

age 

- MALES 

3-way ANOVA LH=nestrole, 46 4.08 0.001* 0.569 all 3 1 2 
handling time 3.83 0.002* nestrole 1 0 

3.45 0.072 handling time 1 



TEST 

4D - MALES 

1-way ANOVA 
BON 

1-way ANOVA 

1-way ANOVA 

4E - MALES 

1 -way ANOVA 

1-way ANOVA 

1-way ANOVA 

1-way ANOVA 

4F - FEMALES 

3-way ANOVA 

TABLE 4. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on luteinizing hormone (LH) levels in Harris' Hawks. 

MODEL N F or t statistic P R-squared EFFECT df 

LH=nest stage 
(alpha breeders) 22 13.06 

2.64 
<0.001* 
<0.05*  

0 .592 nest stage 2 
1 8 

(adult helpers) 1 8 1.72 0.208 0.270 nest stage 3 

(immature helpers) 1 0 1.99 0.234 0.544 nest stage 3 

LH=role 
(1st nest stage) 5 3.00 0.182 0.500 role 1 

(2nd nest stage) 1 5 2.40 0.133 0.286 role 2 

(3rd nest stage) 1 2 1.53 0.269 0.253 role 2 

(4th nest stage) 1 6 0.73 0.502 0.101 role 2 

LH=age, month, 77 2.00 0.035* 0.292 all 3 13 
handling time 0.04 0.964 age 2 ^ 

2.41 0.017* month 10 £  
0.18 0.669 handl ing t ime 1 



TABLE 4. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on luteinizing hormone (LH) levels in Harris' Hawks. 

TEST MODEL N F or t statistic p R-squared EFFECT df 

4G - FEMALES 

3-way ANOVA 

4H - FEMALES 

1-way ANOVA 
BON 

1 -way ANOVA 

1-way ANOVA 

41 - FEMALES 

1-way ANOVA 

1-way ANOVA 

1-way ANOVA 

1 -way ANOVA 

LH=nestrole, 
handling time, 
day of year 

52 

LH=nest stage 
(alpha breeders) 34 

(adult helpers) 9 

(immature helpers) 1 2 

LH=role 
(1st nest stage) 5 

(2nd nest stage) 2 4 

(3rd nest stage) 9 

(4th nest stage) 1 6 

1.69 
1.71 
0 .02  

3.99 
2.83 

0.67 

1.20  

0.111 
0 .112 
0.888 

0.017* 
<0.05* 

0.615 

0.372 

0.317 both 
nestrole 

handling time 

0.285 nest stage 

0.334 nest stage 

0.310 nest stage 

1 2 
1 0 
1 

3 
30 

3 

3 

0.89 0.530 0.470 role 2 

3.05 0.069 0.225 role 2 

0.18 0.838 0.057 role 2 

0.62 0.551 0.088 role 2 



TABLE 5. Results of Analysis of Variance (ANOVA) ahd Bonferroni (BON) 
tests on prolactin (Prl) levels in Harris' Hawks. 

TEST MODEL N F or t statistic R-squared EFFECT df 

5A - BOTH SEXES 

3-way ANOVA Prl=sex, nestrole, 
handling time 

91 

5B - MALES 

3-way ANOVA 

5C - MALES 

2-way ANOVA 

Prl=age, month, 
handling time 

44 

Prl=nestrole, handling 43 
time 

4.62 <0.001* 0.438 all 3 13 
8.33 0.005* sex 1 
5.15 <0.001* nestrole 11 
0.42 0.519 handling time 1 

1.81 0.109 all 3 8 
0.68 0.416 age 1 
1.77 0.134 month 6 
2.99 0.093 handling time 1 

2.39 0.030* 0.428 all 2 10 
2.62 0.022* nestrole 9 
1.01 0.324 handling time 1 

OO 



TABLE 5. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on prolactin (Prl) levels in Harris' Hawks. 

TEST MODEL N F or t statistic P R-squared EFFECT df 

5D - MALES 

1-way ANOVA 
BON 

Prl=nest stage 
(alpha breeders) 22 4.64 

2.63 
0.23* 
<0.05* 

0.328 nest stage 2 
1 9 

1 -way ANOVA 
BON 

(adult helpers) 15 4.09 
3.21 

0.036* 
>0.05 

0.527 nest stage 3 
1 1 

1 -way ANOVA (immature helpers) 8 0.14 0.930 0.096 nest stage 3 

5E - MALES 

1 -way ANOVA 
Prl=role 
(non-breeding) 3 <0.01 0.975 0.002 role 1 

1-way ANOVA (nestbuilding) 14 1.95 0.188 0.262 role 2 

1-way ANOVA (incubation) 1 1 0.86 0.458 0.177 role 2 

1-way ANOVA 
BCN 

(feeding of young) 1 7 11.94 
2.05 

0.001* 
<0.05* 

0.631 role 2 
1 4 



TABLE 5. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on prolactin (Prl) levels in Harris' Hawks. 

TEST MODEL N F or t statistic R-squared EFFECT df 

Prl=age, month, 
handling time 

52 

Prl=nestrole,handling 4 8 
time 

5F - FEMALES 

3-way ANOVA 

5G - FEMALES 

2-way ANOVA 

5H - FEMALES 

Prl=nest stage 
1-way ANOVA (alpha breeders) 2 9 

BON 

1-way ANOVA (adult helpers) 9 

1-way ANOVA (immature helpers) 12 

3.70 
13.10 
3.01 
0.02 

7.72 
8.39 
0.75 

12.31 
2.87 

1.70 

0.95 

0.001  *  
0 .001*  
0 .01*  
0.881 

<0.001* 
<0.001* 
0.392 

0.474 

0.702 

all 3 
age 

month 
handling time 

all 2 
nestrole 

handling time 

<0.001* 0.596 nest stage 
<0.05* 

0.282 0.505 nest stage 

0.462 0.262 nest stage 

1 0 
1 
8 
1 

1 1 
1 0 

1 

3 
25 

3 

3 

ts) 
O 



TABLE 5. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on prolactin (Prl) levels in Harris' Hawks. 

TEST MODEL N F or t statistic P R-squared EFFECT df 

- FEMALES 
Prl=nestrole 

1-way ANOVA (non-breeding) 5 0.81 0.553 0.447 role 2 

1-way ANOVA (nest building) 24 12.70 <0.001 * 0.548 role 2 
BON 2.60 <0.05* 2 

1-way ANOVA (incubation) 8 14.87 0.008* 0.856 role 2 
BON 3.53 <0.05* 5 

1-way ANOVA (feeding of young) 1 3 0.43 0.665 0.079 role 2 



Table 6. Results of Analysis of Variance (ANOVA) 
tests on progesterone (P) levels in Harris' Hawks. 

and Bonferroni (BON) 

TEST MODEL N F or t statistic R-squared EFFECT df 

6A - BOTH SEXES 

3-way ANOVA P=sex, nestrole, 
handling time 

6B - MALES 

3-way ANOVA P=age, month, 
handling time 

97 

59 

3.34 
1.29 
1.36 
26.27 

3.54 
0.08  
1 . 1 8  

20.53 

<0.001* 
0.260 
0.210 
<0.001* 

0.003* 
0.784 
0.339 
<0.001* 

0.344 

0.362 

all 3 13 
sex 1 

nestrole 1 1 
handling time 1 

all 3 8 
age 1 

month 6 
handling time 1 

6C - MALES 

2-way ANOVA P=nestrole„ 
handling time 

45 3.53 
1.47 

12.25 

0.002* 
0.193 
0 .001*  

0.541 all 2 
nestrole 

handling time 

1 1 
1 0 
1 

hO tsj 



df 

2 

3 

3 

1 

2 

2 
9 

2 

1 2 
2 
9 
1 

Table 6. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on progesterone (P) levels in Harris' Hawks. 

TEST 

6D - MALES 

1-way ANOVA 

1-way ANOVA 

1-way ANOVA 

6E - MALES 

MODEL N F or t statistic P R-squared EFFECT 

P=nest stage 
(alpha breeders) 21 1.65 0.220 0.155 nest stage 

(adult helpers) 1 8 0.96 0.438 0.171 nest stage 

(immature helpers) 8 2.62 0.187 0.663 nest stage 

P=role 
1-way ANOVA (non-breeding) 5 0.41 0.57 0.119 role 

1-way ANOVA (nest building) 1 5 0.27 0.77 0.424 role 

1-way ANOVA 
BON 

(incubation) 1 2 6.31 
2.93 

0.019* 
<0.05* 

0.584 role 

1-way ANOVA (feeding of young) 1 5 2.78 0.83 0.031 role 

- FEMALES 
> 

3-way ANOVA P=age, month, 
handling time 

75 1.34 
1.19 

0.221 
0.311 

0.206 all 3 
age 

0.94 
2.89 

0.498 
0.094 

month 
handling time 



Table 6. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on progesterone (P) levels in Harris' Hawks. 

TEST MODEL N F or t statistic P R-squared EFFECT df 

6G - FEMALES 

2-way ANOVA P=nestrole, handling 
time 

52 1.97 
1.28 
9.40 

0.058 
0.273 
0.004* 

0.352 all 2 
nestrole 

handling time 

1 1 
1C 
1 

6H - FEMALES 

1-way ANOVA 
P=nest stage 
(alpha breeders) 34 2.07 0.126 0.176 nest stage 3 

1 -way ANOVA (adult helpers) 9 1.43 0.339 0.461 nest stage 3 

1-way ANOVA (immature helpers) 1 2 0.33 0.807 0.109 nest stage 3 

61 - FEMALES 

1-way ANOVA 
P=role 
(non-breeding) 5 0.51 0.668 0.332 role 2 

1-way ANOVA (nest building) 24 2.49 0.107 0.192 role 2 

1-way ANOVA (incubation) 9 0.15 0.867 0.047 role 2 

1-way ANOVA (feeding of young) 1 6 0.45 0.649 0.064 role 2 
K) 



TABLE 7. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on corticosterone (B) levels in Harris' Hawks. 

TEST MODEL N F or t statistic R-squared Effect df 

7A - BOTH SEXES 

3-way ANOVA B=sex, nestrole, 100 
handling time 

7B - MALES 

3-way ANOVA B=age, month, 
handling time 

7C - MALES 

67 

3.69 <0.001* 0.358 all 3 13 
0.90 0.345 sex 1 
2.10 0.0.29* nestrole 11 
31.67 <0.001* handling time 1 

6.33 <0.001* all 3 9 
6.64 0.013* age 1 
5.06 <0.001* month 7 
27.74 <0.001* handling time 1 

2-way ANOVA B=nestrole, 4 7 
handling time 

2.67 0.013* 0.456 all 2 11 
2.09 0.052 nestrole 10 

11.58 0.002* handling time 1 



TABLE 7. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on corticosterone (B) levels in Harris' Hawks. 

TEST MODEL N F or t statistic R-squared Effect df 

1-way ANOVA 
B=nest stage 
(alpha breeders 22 0.54 0.593 0.056 nest stage 2 

1-way ANOVA I (adult helpers) 1 8 0.48 0.703 0.093 nest stage 3 
i 

1-way ANOVA (immature help 1 0 3.32 0.099 0.624 nest stage 3 

' 7E - MALES 

1-way ANOVA 
B=role 
(non-breeding) 6 0.01 0.932 0.002 role 1 

| 1-way ANOVA (nest building) 1 5 1.59 0.244 0.209 role 2 

1-way ANOVA (incubation) 1 2 3.41 0.079 0.431 role 2 

j 1-way ANOVA (feeding of youn< 1 6 2.01 0.174 0.236 role 2 

! 7F - FEMALES 

] 3-way ANOVA B=age, month, 80 4.39 <0.001* 0.464 all 3 1 3 
handling time 0.01 

3.03 
10.11 

0.995 
0.003* 
0.002* 

age 2 
month 10 

handling time 1 K> CT> 

i 



TABLE 7. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on corticosterone (B) levels in Harris' Hawks. 

TEST MODEL N F or t statistic R-squared Effect df 

7G - FEMALES 

2-way ANOVA B=nestrole, hant 5 3 
time 

2.68 0.011* 0.418 all 2 11 
1.22 0.306 nestrole 10 
16.17 <0.001* handling time 1 

7H - FEMALES 

1-way ANOVA 
B=nest stage 
(alpha breeders 34 1.17 0.336 0.105 nest stage 3 

1-way ANOVA (adult helpers) 9 0.71 0.585 0.300 nest stage 3 

1-way ANOVA (immature help 1 2 3.48 0.796 0.114 nest stage 3 

71 • FEMALES 

1-way ANOVA 
B=role 
(non-breeding) 6 0.63 0.591 0.296 role 2 

1-way ANOVA (nest building) 24 1.84 0.183 0.149 role 2 

1-way ANOVA (incubation) 9 0.71 0.530 0.191 role 2 

1-way ANOVA (feeding of yount 1 6 0.74 0.497 0.102 role 2 
ro 



TABLE 8. Results of Analysis of Variance (ANOVA) and Bonferroni (BON) 
tests on mass of breeder and adult helper Harris' Hawks. 

TEST MODEL N F or t statistic P R-squared EFFECT df 

8A - MALES 

2-wayANOVA weight=role, 36 5.46 0.002* 0.414 both 4 
nest stage 0.05 0.826 role 1 

6.87 0.001* nest stage 3 

8B - FEMALES 

2-way ANOVA weight=role, 38 3.77 0.012* 0.314 both 4 
nest stage 8.77 0.006* role 1 

3.42 0.029* nest stage 3 
BCN 2.03 <0.05* role 33 

OO 



TABLE 9. Occurence of sperm in the cloacal contents of male breeder and helper 
Harris' Hawks with associated plasma luteinizing hormone (LH) and 
testosterone (T) levels for each hawk. 

ROLE TIME RELATIVE TO SPERM LH T 
FIRST EGG (DAYS) 

breeders - 3 3  0 0.71 48.37 
n=8 -1 6 + 1.47 218.30 

- 5 0 2.39 121.00 
- 3 + 3.16 1702.00 
1 + 1.00 352.70 
28 + 1.32. 21.10 
28 0 1.28 24.00 
33 0 1.01 17.85 

adult helpers - 7 6  0 0.62 15.00 
n=7 - 4 9  0 1.68 183.30 

- 3 9  0 2.27 1914.00 
- 3 0  0 1.46 575.40 
- 6 0 2.10 420.20 
1 1 0 0.77 16.00 
1 1 0 0.51 11.50 

immature helpers - 7 7  0 24.00 
n=3 - 4 9  0 0.76 10.00 

- 3 0  0 0.64 925.80 

unknown ? 0 
n=8 
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