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1 EXECUTIVE SUMMARY 

From 1987-1990, BioSysterns Analysis, Inc. investigated the ecology of Arizona's nesting population of 
bald eagles. The study was funded by the U.S. Bureau of Reclamation for the purpose of determining 
what factors limit the Arizona eagles, and particularly whether the reservoirs and regulated flows 
produced by the construction and operation of water projects have been harmful or beneficial. In 
directing the study, Reclamation consulted with the U.S. Fish and Wildlife Service and the Arizona Game 
and Fish Department. 

The current known nesting population is small, but appears to be maintaining itself, and is possibly 
expanding. Known breeding areas increased from two in 1970 to 28 in 1990; 21 have produced young 
since 1980. Whether the increase in known sites has resulted from the founding of new territories or 
from increased nest search efforts is unknown. Three territories (1 1 %) are believed to be new, 9 (32%) 
were not reported prior to discovery by agency personnel, and 16 (57%) were probably in existence prior 
to being documented. The latter assessment is based upon anecdotal reports and/or territories containing 
old or numerous nests (some with eggshell fragments). 

The only report of bald eagles nesting in Arizona prior to the completion of the first large dam (Roosevelt 
in 1911) was by Edgar A. Mearns, who in 1890 referred to a long-established pair at Stoneman Lake. 
No other reference to breeding pairs appeared in the literature until 1937 when Bent reported breeding 
at two sites, one of which had occurred on the Salt River Bird Reservation before its inundation by 
Roosevelt Reservoir. It is unknown whether, in pristine times, bald eagles nested on the Salt and Verde 
drainages where most of the known breeding population now resides. We believe early fish communities 
there could have supported nesting eagles. Trees for nesting would have been plentiful before grazing 
and woodcutting destroyed the riparian forests. 

It is also unknown whether bald eagles in Arizona declined during the DDT-era as they did elsewhere 
in North America. Very high levels of DDE have been detected in cotton-growing regions of Arizona, 
but bald eagle prey fishes may not have been strongly contaminated owing to their occurrence upstream 
of most agricultural areas. Waterfowl were probably a source of contamination to both breeding pairs 
and younger eagles. 

Nesting bald eagles in Arizona demonstrated occupancy and reproductive performance during 1970-1990 
at rates comparable to those reported for other populations considered healthy. During this period, a 
mean brood size of 1.6 young in Arizona equaled the mean reported for other populations. The mean 
number of young per occupied site was 0.90 eaglets, compared to 0.92 elsewhere. Nest success in 
Arizona has averaged about 57 percent compared to 58 percent for other populations. Both productivity 
and nest success rates have remained somewhat stable over the entire 20-year period. The 85 percent 
nest occupancy rate (n=295 known nest-years) was 14 percent higher than the average for other 
populations, suggesting greater stability in habitat or food supplies in Arizona than elsewhere. 

Nestling mortality rates in Arizona are comparable to the 15 percent reported for other populations. Of 
the 276 known young hatched in Arizona, 232 (84%) survived to fledge, and 44 (16%) died before 
fledging. Our data contain 13 additional mortality records for post-fledging juveniles still in the nest 
area. Heat stress was apparently responsible for most known nestling and fledgling mortalities, followed 
by unknown factors, falling or disappearing from the nest, human disturbance near the nest, and nest 



parasites (i.e., Mexican chicken bugs). This assessment is based on deductions concerning the principal 
cause of mortality, and may contain error; some deaths likely resulted from combinations of factors. ~ 

I One nestling death resulted from entanglement with fishing line (monofilament), and we saved three 
1 others by removing fishing line, hooks, and lures from their legs, toes, tongues, and bodies. Fishing 

paraphernalia is apparently brought to the nest attached to fish which have escaped from anglers by 
breaking the line. We found fishing paraphernalia in 40 percent of the Arizona nests we entered that 
contained young. 

Analysis of contaminants in unhatched bald eagle eggs from Arizona showed geometric means of 5.5 ppm 
DDE and 2.2 ppm PCBs (wet weight). DDE levels of this magnitude have elsewhere been associated 
with reduced productivity, but no DDE effect on productivity was apparent in the areas where the eggs 
were obtained. Seven eggs showed a mean percent thinning of 4.9 percent, well below the 10 percent 
level associated with reduced productivity. Examination of shell ultrastructure in these eggs showed far 
fewer irregularities and "holes" than contaminated shells from California. At the present time, 
organochlorines do not appear to pose a significant threat to the bald eagles in Arizona. However, 
periodic monitoring of pesticide levels in bald eagles and their prey would be prudent. 

Of 111 known nests, 53 were on cliffs (or pinnacles), 46 were in trees, 11 in snags, and 1 was on an 
artificial nesting platform. In breeding areas where tree and cliff nests were both available, eagles non- 
randomly chose cliffs rather than trees; however, nest success did not differ significantly between the two 
substrates. Eagles are less susceptible to heat stress and parasites in trees, but are more vulnerable to 
disturbance. We found nest parasites in 39 percent of cliff nests, and none in tree nests. 

The agencies directed BioSystems to employ radio-telemetry to study the ecology of eight breeding pairs. 
Six of the selected sites were reproductively successful during the year(s) of study and provided a basis 
for a comparison of habitats with and without water project influences. Two pairs occupied settings in 
which flows were completely regulated and where both river and reservoir habitats were present. Two 
others were on free-flowing rivers without reservoirs. The remaining two were intermediate in habitat 
setting, containing reservoirs fed by free-flowing rivers rather than regulated ones. Thus, our findings 
in each territory could be contrasted with results obtained from another in a similar setting, and with four 
others in different settings. 

We radio-tagged at least one adult bald eagle in each selected territory and sampled its daily home range 
movements for at least one breeding season. From dawn through much of the day, we attempted to 
witness as many foraging events w possible. After each observed forage (n=841), we visited the exact 
location where prey was attacked and recorded macro- and microhabitat features. Observers positioned 
within view of the nest bowl identified prey as it was delivered and estimated its size and status. We 
collected prey remains not only at nests in the studied territories but throughout central Arizona. To 
assess prey availability, we observed fish behavior, conducted fish population surveys, and mapped river 
and reservoir habitats. We investigated the life-histories of prey fishes, with emphasis on factors 
promoting their vulnerability to eagles. We recorded human interactions with eagles. 

An analysis of the remains of 2,601 prey items collected in nests, under perches, and just after foraging 
events at 23 breeding areas in Arizona yielded 71.4 percent fish biomass, 18.3 percent mammal, and 10.3 
percent bird. The most important fish in prey remains were catfish spp. (mainly channel catfish), 
followed by carp, sucker spp. (desert and Sonora suckers), and perciforms (mainly black crappie, yellow 



bass, and largemouth bass). Of these fish, only the suckers are native to Arizona. The most frequently 
used mammals were rabbits, and the most important prey birds were American coots and eared grebes. 
These and other waterbirds were taken mainly in winter and early spring. In all, 104 species of fish, 
birds, mammals, reptiles, amphibians and invertebrates have been thus far identified as the prey of 
Arizona bald eagles. 

Observational data on prey deliveries at the intensively studied territories yielded somewhat different 
results than those of prey remains analyses at the same sites. Because of differences in durability, the 
remains of certain prey taxa tended to persist in the nest longer than those with more delicate body parts. 
In general, this resulted in over-representation of mammals, birds, and catfish in prey remains, and 
under-representation of suckers and perciforms (bass, crappie, sunfish). Results of the experimental 
feeding of fish to a captive bald eagle at the Phoenix Zoo gave similar results. 

As another way of estimating the relative importance of the various fish taxa, we assessed the frequency 
with which each accounted for more than 15 percent of the estimated biomass in the 23 territories. We 
found these seven taxa to be represented (in descending order of importance): carp, suckers (Sonora and 
desert suckers), channel catfish, largemouth bass, flathead catfish, crappie (virtually all were black 
crappie), and yellow bass. 

Higher frequencies of mammals in the diets of certain pairs suggested deficiencies in food (i.e., fish) 
availability, but this hypothesis was not supported by statistical comparisons of diet and productivity. 
Data on 21 mammal forages (at territories where we employed telemetry) suggested that they were taken 
mainly near rivers or reservoirs. Nesting eagles took mammals in significantly greater proportions during 
the early periods of the nesting cycle than in later periods. 

Telemetry studies revealed that eagles foraged in both riverine and reservoir habitats. On rivers, eagles 
took mainly live fish, while on reservoirs, carrion predominated in the diet. Eagles took fish species 
largely in relation to their relative abundance in river reaches and reservoirs, but ecological and life 
history characteristics also accounted for variation in their degree of vulnerability and for seasonal 
differences in exploitation. 

On rivers, suckers were especially vulnerable when they spawned in riffles (see Glossary for definitions 
of terms) in March and early April. The duration of their spawning was extended in river sections 
receiving cool, deep-water releases downstream of stratified reservoirs, a phenomenon that related to 
shifting zones of optimum spawning temperature. Eagles also took suckers, as well as carp, when these 
fish foraged in riffles and mrs. Riffles attracted spawning and foraging fish because of high 
photosynthetic rates, oxygenation, clean substrate, and invertebrate populations. 

At four territories where we compared eagle foraging habitat selection with the relative abundance of 
river habitat types, eagles attacked prey in riffles disproportionate to the occurrence of this habitat along 
the river. Some riffles, because of their morphology, maintained shallow-water conditions even at high 
flows, a configuration we termed "super-riffle" habitat. In several territories where super-riffles 
occurred, we found that eagles visited river kilometer segments with super-riffles significantly more 
frequently than those that did not contain them. At three breeding areas where nests overlooked super- 
riffles, the nest area was the primary focus of riverine foraging. At a fourth territory, where there were 
no super-riffles in the immediate nest vicinity, the main foci of eagle visitation were the nearest areas 
containing super-riffles. We failed to detect any preference by the eagles for runs, pools, or pocket 



water. However, while most observed river forages for suckers (n=98) were in riffles, we saw carp 
taken mainly in runs and riffles (n=21), and catfish in runs and pocket water (n= 12). The 
preponderance of riffles in our observational data may therefore relate partly to the relative frequency 
of species taken. 

Eagles often perched and foraged at reservoirs. In four productive breeding areas where both riverine 
and lacustrine habitats were present, eagles visited reservoirs more frequently than river sections, even 
when the nest was on the river (data weighted for nest effect). At a reservoir nest very near a river 
section, 91-97 percent of prey biomass delivered to the nest was obtained on the reservoir. At another 
nest, located on a river 7 km from a reservoir, 67 percent of biomass delivered during late April and May 
came from the reservoir. At the two remaining sites, reservoir forages accounted for 28 percent and 48 
percent of delivered biomass. 

On reservoirs, most observed bald eagle forages for fish were in deep water, and most were taken either 
as carrion or as they floated moribund on the surface. Carp were occasionally taken alive in shallows, 
and possibly when they swam near the surface in deeper water. Eagles took catfish and perciforms 
mainly as carrion. Black crappie and yellow bass exhibited post-spawning die-offs, but the cause of 
mortality among 20-cm catfish was unknown. Largemouth bass mortality appeared to be mainly caused 
by anglers. Foraging eagles were especially attracted to areas where rivers entered reservoirs. We 
plotted the locations of these inflows together with those of super-riffles on the Salt and Verde rivers, and 
found a significant positive correlation with the distribution of bald eagle nests active during the past five 
years. 

Overall, reservoirs, dams, or regulated river reaches do not appear to have a negative effect on bald eagle 
reproduction. In a sample of 21 bald eagle territories fledging at least one young since 1980, we 
compared reproductive performance between 12 sites in which habitats were artificially altered (reservoirs 
and/or regulated reaches) with 9 on unregulated streams. In habitats altered by dam construction, 134 
young fledged from 12 sites in 122 occupied nest-years, for a mean of 1.1 young per year. In "naturalw 
habitats, the eagles produced 93 young at 9 sites in 92 nest-years, for a mean of 1.0 young. The 
difference in productivity between altered and unaltered habitat was not significant. 

We also found no significant relationship between an assortment of environmental variables and yearly 
success rates among 13 territories where there was sufficient duration of occupancy for statistical 
comparison (n= 186 nest-years since 1970). The variables we compared included nest elevation (above 
sea level), normal and peak spring flows, reservoir elevations, maximum and minimum air temperatures, 
precipitation, and a human disturbance index. The latter was based on perceived ambient disturbance 
levels, rather than specific factors. 

Human disturbance is most likely to cause nest failure when adults are prevented from returning to the 
nest during incubation and before the young can thermoregulate. Our data and those of previous studies 
contain records of nest failure that could be directly attributed to human disturbance during this sensitive 
period. Also consistent with previous findings was that humans on foot tended to be more disturbing to 
eagles than people in boats or road vehicles. In our opinion, a significant reason for the healthy overall 
rates of nest success in Arizona is the protection afforded by the Interagency Arizona Bald Eagle 
Nestwatch Program. 



In considering carrying capacity and management strategies for other southwestern river systems, our 
work suggests that the features of bald eagle habitat that render it suitable for breeding include: (1) 
nesting substrate offering security from large predators and human disturbance; and, (2) two or more of 
the following fish taxa occurring in substantial numbers: carp, suckers (spp.), catfish (spp.)., and 
perciforms (the latter in reservoirs). Factors which appear to strongly increase habitat quality include; 
(3) reservoirs supporting warm water fisheries; (4) reservoir inflow areas; and, (5) super-rimes. 

Understanding the ecology of Arizona eagles also requires knowledge of nonbreeders. Because of long- 
delayed maturation, young individuals (ages 1-4) make up a sizeable segment of the total population. 
Another segment is formed by non-breeding adults (5+ years) that accumulate when all serviceable 
breeding locations are occupied by pairs. The resulting "floating" population of non-breeding adults 
serves an important function in quickly providing replacements when breeders die, buffering the 
reproductive segment against annual perturbations in natality and mortality. 

To study the non-breeding population, we (1) observed the post-fledging behavior and migrations of 11 
radio-tagged juveniles, (2) recorded their subsequent movements in Arizona in winter and spring, (3) 
monitored the movements of eight subadults and near-adults with radio-telemetry, and, (4) placed color 
(VID) bands on 62 nestlings and 18 older eagles. These bands enable visual recognition of individuals 
and will eventually provide the basis for a life table when banded birds enter the breeding population. 

All the radio-tagged juveniles migrated northward from their natal areas at 16 to 21 weeks of age. 
Soaring was the predominant mode of travel, and the birds moved up to 650 km per day at still-air 
ground speeds of 20-25 mph, which were increased greatly on occasion by tail winds. The longest 
distance traveled was 1,955 krn to Swan Lake, Manitoba. Another juvenile that was still migrating 
northward in coastal British Columbia when tracking was terminated might have gone further. Habitats 
varied among stopping places; several birds stopped in areas where there was abundant fish carrion, but 
one eagle stopped and remained in open ranchland near Dillon, Montana. Two birds went to Yellowstone 
Lake, and another reversed its course upon reaching the coast of northern Oregon and flew southward 
to the coast of northern California. One of the eagles that went to Yellowstone Lake returned there the 
following summer. Breeding adults did not migrate. 

Of the 11 radio-tagged juvenile eagles that migrated from their natal territories, at least eight (73%) had 
returned to Arizona by fall or winter. Two were first detected in late September and may have returned 
earlier. We monitored their movements: and those of the eight radio-tagged subadults and near-adults in 
airplane roll-call surveys throughout central Arizona. These nomadic eagles traveled extensively within 
central Arizona from September to May and exploited a variety of habitats. They frequented both streams 
and reservoirs (particularly inflow areas) and appeared more attracted to tributaries than mainstem 
riverine habitats. The non-breeding eagles apparently remain in the Southwest all winter, but none were 
found in central Arizona after late May. 

Mortality rates of the non-breeding eagles were impossible to determine. Of five known cases of 
mortality among subadults and near-adults in Arizona, all were human caused. Assuming an Arizona 
origin of all banded breeders, of the 46 Arizona nestlings banded prior to 1986, a minimum of 18 (39%) 
survived to breeding age (4-5 years old) and a minimum of four (9 %) survived through their twelfth year 
of life. 



There have been 39 known cases of adult bald eagle mortality in Arizona: 11 based on direct knowledge 
and 28 known indirectly by evidence of disappearance or replacement. The latter was determined by the 
presence of a near-adult in a breeding pair, or the presence or absence of a banded individual within the 
pair. The causes of adult mortality were mainly unknown (77%). Of known causes, about half were 
shooting and half were apparently natural. 

Of the 39 known adult mortalities, 21 (54%) were recorded during our study (1987-1990), resulting in 
a 16 percent annual adult mortality rate. These mortalities were discovered mainly at sites under closest 
study; therefore many more mortalities were likely to have occurred than were detected. At the four 
closest territories to Phoenix, there was a 22 percent (n=7) minimum adult mortality rate during the four 
years. 

Although missing members of pairs are rapidly replaced in Arizona, most known replacements have been 
young (near-adult or subadult) eagles. Of 39 known vacancies at breeding areas, 15 (38.5%) were filled 
by adults, and 24 (61.5%) by near-adults or subadults. However, a bias existed in that replacements by 
full-adults may have gone unnoticed. Of the 15 full-adult replacements, 8 followed the known death of 
a previous adult, 5 were determined because the new adult was banded, and the remaining 2 were 
recorded because the previous adult was banded. Irrespective of the bias, the proportion of young eagles 
as members of pairs in Arizona is substantially higher than reported for any other bald eagle population. 

In four cases, both members of breeding pairs lacked full-adult plumage: two of these pairs apparently 
did not lay eggs while the other two pairs hatched two young each. Of 28 incidents (24 nest-years) of 
near-adult or subadult eagles in Arizona breeding pairs, 11 (46%) successfully fledged young, 2 (8%) 
hatched young which died in the nest, 3 (13%) laid eggs which did not hatch, and the remaining 8 (33%) 
apparently did not lay eggs. 

The appearance of breeding eagles lacking full-adult plumage suggests an insufficiency of adults in the 
floating segment. Perhaps adults, that would otherwise be floaters, are founding new territories, but it 
is also possible that excessive adult mortality drains the floating segment. In this case, the Arizona 
population would lack the buffering effect of a healthy floating segment and would be susceptible to 
decline. If the subadult replacements are a result of a growing population, than full-adult floaters will 
eventually increase as the nesting population approaches carrying capacity and a stable agedistribution. 
The high rate of change in adult tenure at some Arizona bald eagle breeding areas suggests that factors 
other than natural mortality are at work, such as shooting. However, some replacements may be due to 
increased altercations with other eagles seeking breeding status or with other species of nesting raptors 
in the area. 

There is as yet no evidence for gene flow into Arizona from outside sources. We sighted 18 banded birds 
during our study, 17 of which were breeding. We verified the numbers on eight of these bands; all had 
been placed on nestlings in Arizona during previous studies by Robert Ohmart or Teryl Grubb. 

Morphological comparisons of breeding bald eagles from Arizona, California, the Greater Yellowstone, 
and Alaska revealed that, for most measurements, the Ar i ina  eagles were significantly smaller than those 
from the other populations sampled. Lack of high variance in mensural characters in the Arizona sample 
does not support the notion that the Arizona population was recently founded or augmented by a 
collection of migrants from other populations. 



Neither enzyme electrophoresis nor DNA fingerprinting resolved any specific genetic markers from which 
Arizona eagles could be differentiated from those of other populations, although most individuals could 
be assigned to their respective populations with combinations of DNA banding. Similarity coefficients 
in the fingerprinting data suggested that Arizona bald eagles were more closely related to California birds 
than to those from Florida. This was surprising because Arizona eagles are apparently more similar in 
size to eagles from Florida than from California. Also surprising was that California samples were more 
similar to those from Florida than from Arizona. 

Both techniques showed higher levels of genetic heterozygosity in the Arizona 'samples than the other 
populations tested. If the genes assayed truly represent the gene pool, then these healthy levels of 
variation imply that the Arizona eagles are not currently experiencing inbreeding problems and may be 
capable of adapting to future environmental change. This, together with the occupancy and reproductive 
data, suggests that the population may be viable over the long term. 

We were unable to show a quality of uniqueness among the Arizona eagles that implies the existence of 
adaptations to the desert environment, even though the Arizona bald eagles are smaller than those from 
California and the Greater Yellowstone. However, were the population extirpated, there is no firm 
reason to believe that bald eagles released into Arizona from elsewhere would possess the adaptations 
required to increase their numbers. Furthermore, releases to augment a reduced population in Arizona 
might be deleterious because of genetic disruption of existing adaptations. 

Because we cannot yet demonstrate that Arizona bald eagles are part of a larger population, it is prudent 
to assume isolation. If isolated, the 21 pairs productive in Arizona since 1980 conform to the definition 
of a small population which may be susceptible to the genetic, demographic, and environmental threats 
known to be associated with small numbers. There is evidence of high adult mortality at some sites and 
an indication of deficient age structure in the floating segment. These apparent problems may soon 
disappear, but until they do, it would be wise to regard the population in need of continued protection 
and management. The most encouraging sign would be a reduction in the frequency of near-adults as 
members of pairs at established sites. Appropriate to this end would be management efforts encouraging 
survivorship, especially that of breeding adults. 
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A1 INTRODUCTION 

Arizona supports a nesting population of bald eagles mainly along the Salt and Verde rivers in the central 
part of the state. The number of pairs is small, appears to be geographically isolated from other 
populations (at least currently), and occupies habitat drier, warmer, and less vegetated than is typical for 
the species (Figure A1.O-1). Large trees are in short supply along the desert rivers, and most pairs use 
open cliff nests. The population is classified as endangered by both federal and state governments. 

Of particular interest to those concerned with the welfare of Arizona's native bald eagles are: (1) whether 
or not current reproduction and survivorship are sufficient to maintain the population, especially in view 
of the rapidly increasing numbers of people in Arizona; (2) how habitat, prey, and public-use factors are 
affecting bald eagles; and, (3) whether or not the population is large enough to avoid difficulties 
associated with small populations. To address these considerations, the United States Bureau of 
Reclamation (Reclamation), in consultation with the U.S. Fish and Wildlife Service (USFWS), and the 
Arizona Game and Fish Department (AGF), employed BioSystems Analysis, Inc. (BioSystems) to study 
the ecology of nesting bald eagles in Arizona. The premise for conducting the investigation was that a 
detailed knowledge of the bald eagle may be necessary if the species is to maintain itself in Arizona, and 
one day recover to a non-endangered status. This report, in partial fulfillment of Reclamation Contract 
No. 6-CS-30-04470, details the results of field studies by BioSysterns performed through three bald eagle 
breeding seasons: 1987, 1988, and 1989. 

The central question posed in Reclamation's original "Request for Proposal" (RFP) concerned the impacts 
of water development projects on bald eagles. At the time we began our study, there was little consensus 
among scientists, agency personnel, or conservation groups as to whether the regulated flows and 
reservoirs produced by these projects harmed or benefitted bald eagles in the southwest. This question 
not only involved the existence and operation of water projects already underway, but also concerned the 
building of Cliff Dam (since rejected) and other proposals outlined in Plan 6 of the Central Arizona 
Project (CAP), including water diversions in the Verde River drainage. Because of the endangered status 
of Bald Eagles in Arizona, in order to pursue the CAP plan, Reclamation was required by Section 7 of 
the Endangered Species Act to consult with the Fish and Wildlife Service. The result of that consultation 
was a commitment by Reclamation to provide for this study. 

In preparing BioSystems' inquiry into the ecology of the Arizona eagles, we attempted to maintain this 
issue of the consequences of water projects as the focus of our research. In doing so, we faced the 
problem (mainly budgetary) of whether to concentrate on specific project effects on specific pairs of 
eagles, or whether to seek a broader understanding of the ecology of the population as a whole and its 
more general relationships to water projects. This dilemma, familiar in impact studies over a variety of 
disciplines, was recognized by the agencies who opted for obtaining a population perspective. They 
knew, however, that such knowledge would nevertheless require indepth investigations of the activities 
of specific eagles, the habitats they occupy, and the prey populations they depend upon. 

Studies of Breeding Bald EagIes 

In choosing for intensive study among a score of bald eagle breeding areas the agencies selected eight 
as representative of various river and reservoir habitats, including those where flows were artificially 
regulated and those on free-flowing rivers. The agencies' plan was to radio-tag adult eagles at each of 
the eight sites, and, by intensively tracking them during the nesting season, to discover their relationship 
to food supplies and habitat. 
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Figure A1 .O-1. Bald eagle breeding distribution in Arizona (1990). 



The agencies had recognized the importance of studying the foraging ecology of the nesting pairs long 
before BioSystems began its work in Arizona. During the late 1970s and early 1980s, Reclamation and 
USFWS had supported investigations of foraging ecology by Robert Ohmart, Dennis Haywood, Ronald 
Sell, and Thomas Hildebrandt (Arizona State University) and by Teryl Grubb and Larry Forbis of the 
U.S. Forest Service. These studies, which provided important baseline information on the population, 
relied on visual observation alone. Although much valuable information was obtained on foraging, 
especially in the nest vicinity where watchers were posted, when the eagles typically departed on hunting 
forays to other areas, their whereabouts and activities were largely unknown. Among the resulting 
errors, apparent to us only in hindsight, were: (1) overemphasis on areas visible from nest observation 
points; (2) insufficient area samples to rank the relative importance of river foraging habitat (e.g., runs, 
riffles, and pools); (3) the assumption that flying eagles were foraging rather than commuting; (4) the 
supposition that foraging range could be described on the basis of soaring range; and (5) the 
underestimation of the importance of reservoir habitats. 

To illustrate the difference in sensitivity with and without the aid of telemetry, we recall our studies at 
the "Blue Point" bald eagle breeding area in 1988 where only the adult male carried a radio transmitter. 
We recorded 147 forage attempts by this bird, of which 79 were actually seen by radio trackers; the 
remaining attempts were inferred from prey delivered to the nest. During this period, we observed only 
one forage by his mate (who had no radio), although she delivered 53 prey items to the nest. 

The agencies requested that BioSystems attach radio transmitters to the adult male eagle of each pair 
among the eight selected breeding areas, and at two of the sites, radio-tag the female as well. However, 
as we had learned in previous studies, it was not always possible to catch a specific eagle, and certain 
pairs, chosen for study in a particular year, did not nest successfully. In the latter case, the foraging 
activities of eagles without young to feed were apt to be much diminished and not nearly as revealing of 
habitat and prey selection as those with broods. 

In the end, we were able to track the foraging activities of five adult males and four adult females at eight 
breeding areas (Table A1.O-I), one of which contained a lone female (Pinto) involved in a polygynous 
relationship with a nearby pair (Pinal). This female attempted to nest, but failed to hatch eggs. At one 
other of the eight sites (Cliff in 1989), one young hatched, but died soon afterward. The remaining six 
territories were successful in producing young during our study. 

The six successful breeding areas where we monitored the adults' activities with telemetry proved ideal 
for a comparison of bald eagle ecology between regulated and unregulated environments. Two of the 
pairs (Bartlett and Blue Point) occupied settings in which flows were completely regulated, and where 
both river and reservoir habitats were present. During the nesting season, the water released from the 
dams was cooler than in unregulated reaches because it derived from the cool depths of the stratified 
reservoirs, and the reservoirs themselves were fed by yet other reservoirs upstream. Two other breeding 
areas (Ladders and East Verde) were on free-flowing rivers without reservoirs. These river sections 
differed from the regulated river reaches in temperature, sediment load, and the relative proportions of 
prey fish species. Finally, two more breeding areas (Horseshoe and Pinallpinto) were intermediate in 
habitat type, containing reservoirs fed by free-flowing rivers rather than regulated ones. 

Thus, there were two territories in each of three settings. Findings and generalizations regarding foraging 
ecology in each territory could be contrasted with results obtained from: (1) a different territory with a 
similar habitat setting, and (2) territories with diferent settings. 



Table A1 .O-1. Eight breeding areas in Arizona where BioSystems used radio telemetry to study the ecology of bald eagles. The Pinto female 
was involved in a polygynous triangle with the Pinal pair, and her territory is included with that of Pinal throughout most of 
this report (= PinalIPinto). 

Radio-tagged Habitat set tin^ 
Breeding Area Adults Successful? Location River Reservoir 

Bartlett Male Yes Verde River Regulated (cool water release) Fed by regulated reach 

Blue Point Male Yes Salt River Regulated (cool water release) Fed by regulated reach 

Ladders Female Yes Verde River Free flowing None 

East Verde Male Yes Verde River Free flowing None 

Horseshoe Both Yes Verde River Free flowing 

Pinal Female Yes Salt River Free flowing 

Fed by free flowing river 

Fed by free flowing river 

Cliff Male No Verde River Regulated (warm water release) Fed by regulated reach 

Pinto Female No Salt River Territory within Pinal breeding Fed by free-flowing river 
area (see caption) 



Our comparison of bald eagle ecology in habitats with and without water projects does not equate to 
contrasting modern environments with those of pristine times. The free-flowing reaches present in four 
of the six territories are substantially different today than they would have been, say, 5 0  years ago. The 
most significant changes have been: (1) reductions of large trees in the riparian zone; (2) less constant 
flow regimes owing to the general loss of soil throughout the landscape; and (3) the replacement of most 
native fishes with exotic species. Rather, as we have said, our study of the differences among bald eagles 
nesting in regulated versus unregulated environments is directed toward: (1) evaluating the net effects of 
water projects on bald eagles, the central question of this investigation, and (2) providing land and water 
managers with further knowledge on how to balance the needs of humans and eagles. 

At each of the six territories, we obtained data on home range and foraging by tracking the radio-tagged 
adult eagles throughout much of the breeding season, with most intense concentration during periods 
when there were young in the nest. We studied prey selection by closely observing prey deliveries by 
the adult eagles to the young, and by collecting prey remains in the nests and at foraging sites. We 
recorded data on habitat use by foraging eagles by assessing and measuring macro- and microhabitat 
features at the points at which prey were attacked. We assessed prey availability in both river and 
reservoir environments by performing fish population surveys in actual and potential foraging areas. Our 
findings led us to investigate life-histories of the prey fishes, particularly spawning, feeding, and 
mortality. We measured the distribution of stream habitat in four breeding areas and compared the 
distributions with the home range movements of the radio-tagged eagles. We recorded human interactions 
with eagles on an incidental basis to obtain a view of the most harmful modes of interaction. The results 
of all these investigations are given in Part B of this report. 

Studies of Nonbreeders 

The investigations outlined above primarily address the ecology of adult bald eagles during the breeding 
season, and thus the factors affecting the population's ability to increase its numbers. There is also a 
sizable nonbrding segment of the population whose survival is essential to the maintenance of the 
breeding segment and about which virtually nothing was known before this study began. During the four 
or five years bald eagles require to mature, they range over a wide variety of habitats and geographic 
settings, many of which bear the benefits and risks of human influence. These birds are generally 
scattered in the landscape, rather than attached to specific locations, and they are visually 
indistinguishable from birds from northern populations also wintering in Arizona. 

To shed light on this virtually unknown population segment, we investigated the post-fledging dispersal 
of juvenile eagles and their movements through at least the first year of life. During our study, we radio- 
tagged ten juvenile bald eagles prior to fledging and recorded their departures and migration, as well as 
return of some of them to Arizona. We also telemeter4 five subadults (1-3 years old) and three near- 
adults (ca. 4 years old), some of which had been banded as nestlings in Arizona. In airplane surveys 
conducted mainly in the central part of the state and elsewhere on occasion, we searched for all these 
birds and recorded their habitat use. 

Population Ecology 

For obvious reasons, the agencies were interested in learning as much as possible of the demography of 
native Arizona bald eagles. Because of the small number of pairs and the rapid increase of Arizona's 
human population, the prospect of a sudden decline of eagles to extirpation or inbreeding depression was 



not beyond visualizing. The agencies, being aware of the fact that natality is but one-half of the 
demographic equation, also desired an investigation of mortality rates and causes. 

BioSystems approached this matter from a number of directions. We assembled the historical data on 
occupancy and nesting success (Part D) to ascertain temporal and locational trends in these factors. We 
examined the findings of previous field workers concerning the many factors that might affect eagles on 
a population basis. We accumulated information on eagle mortalities and mate replacements in 
unpublished reports and agency records, and investigated deaths and replacements that occurred during 
our study (Part C). We also drew upon our telemetry-based work at the priority territories (Part B) 
where we studied prey and habitat features used by successful pairs of eagles as a way of approaching 
the natural and human-related factors that influence occupancy and reproduction. Lastly, we set in 
motion a visual identification ('ID) banding program (colored aluminum tarsal bands with engraved 
symbols) which allows individual eagles to be identified from a distance. It will now be possible to 
record turnovers in breeding adult tenure and to eventually construct a life table. Over the years of our 
study, we VID-banded nearly all the young produced at known nests, in addition to the adults .and 
subadults we captured for radio-tagging. 

Another of the agencies' concern was whether or not there is a qualitative distinction between the 
southwestern bald eagles and those from other areas of North America. If the genome of desertdwelling 
eagles contain DNA sequences controlling specific adaptations to life in a desert environment, then an 
eventual loss of the population would be far more significant than if possible recruits from northern 
environs were the evolutionary equivalents of native Arizona eagles. 

BioSystems attempted to resolve this question in several ways. We collected blood samples for DNA and 
enzyme comparisons between Arizona bald eagles and those from several other populations. Results of 
these studies, which include genetic heterozygosity estimates, are given in Section E6 and E7. These 
latter estimations help resolve the question of whether or not the current population might be experiencing 
inbreeding difficulties. We also compared morphological measurements of Arizona eagles with those 
from other populations, looking mainly for size differences. We sought to compare eggshell morphology 
with those from other areas, and although we obtained baseline micrographs, the apparent variable effects 
of organochlorines currently affecting shell morphology probably obscured any genetically controlled 
differences, if any. 

Population-wide Prey Studies 

Another research goal was to examine the diets of all the nesting eagles in Arizona and relate the 
differences found to the types of habitat occupied by the pairs. To do this, we collected and analyzed 
prey remains from the nests of almost all the reproductively active pairs in Arizona. By measuring the 
bones of fishes and other prey, we were able to estimate their original lengths and biomass and thus their 
relative contributions to the eagles' diets. This approach strengthened our understanding of the trophic 
factors which likely limit the distribution of the breeding population. In developing a concept of bald 
eagle foraging ecology during our telemetry studies at the selected territories, the wider perspective of 
prey selection over the entire region was elucidating. By comparing observational data on prey deliveries 
at the priority nests with prey remains collected from the same nests, we were able to estimate the degree 
to which certain biases, inherent in prey remains data, affected our estimates of dietary contribution of 
prey species in the larger sample. 



Guide to this Report 

Our study is based on observations and records of specific events occurring both locally, and over large 
areas. Since our perception of the ecology of the Arizona eagles is based on these observations, we must 
make them available to the reader who is faced with accepting or rejecting our overall views, conclusions, 
and recommendations. The presentation of details is also useful to those involved in protecting eagles 
and managing their habitats. Some of our data (e.g., those on natural history events) are ancillary to the 
main topics of our work, and yet seem relevant to an overall understanding and probably to questions not 
yet posed. 

In writing and organizing the report, we wished to avoid confusing or discouraging the reader with an 
initial presentation of these specific details, but rather to begin with a section in which conclusions 
relating to the scope of work would be presented mainly without reference to local conditions or events. 
Part A contains this population overview which is partly a summary of our findings and partly an analysis 
of populational and study area data sets. However, in some cases (e.g. home range studies) we were 
unable to explain our points without going into specifics. To adequately evaluate our conclusions, some 
of which are tentative, we urge the reader to examine the material throughout this report. To facilitate 
access to the particulars in each part and section, we offer this outline of its organization: 

Part B contains the results of our telemetry-based field studies at the priority breeding areas. It begins 
by describing the habitat setting for each site and the reason it was selected. The next section (B2) 
outlines our research approach and provides an overview of our field methods (specifics appear in Section 
EB-Methods). Because these methods are central to our studies of foraging ecology, we recommend 
that the reader review Sections B1 and B2 before proceeding with the current part (A). Section B3 
briefly describes the geography of the Salt and Verde rivers (a more extensive treatment is given in 
Section D2). Section B4 gives the results of BioSystems' field work at the eight territories, and includes 
descriptions of home range, prey selection, foraging habitat, prey populations, and human effects. In 
reading these swtions, the reader will need to refer to BioSystems' River Map Atlas for an orientation 
to geographical features and to the glossary given at the end of this volume. Section B5 begins with an 
analysis of prey data for 23 bald eagle breeding areas in Arizona where remains were collected, and 
concludes by comparing the results with prey delivery and experimental data. 

Part C details what is known of the demography of Arizona bald eagles and also describes our studies 
of the nonbreeding segment of the population. Section C2 details available knowledge of occupancy and 
productivity of the Arizona population, including both historical and new information. Section C3 
similarly recounts all available knowledge on bald eagle deaths-from losses in the egg stage to those of 
territory-holding adults-and discusses the factors responsible. Because of the many accounts of events 
occurring in specific places, the reader will find it necessary to consult Part D which describes the history 
and setting of all known breeding areas in Arizona and the River Map Atlas. Section C4 reviews 
available information of public disturbance effects on bald eagles. In Section C5, we chronicle our 
telemetry studies of the post-fledging behavior, departure, and migration of juvenile bald eagles, and 
present data on their subsequent return to Arizona. We also report data on the use of habitat by a sample 
of radio-tagged subadult and near-adult bald eagles. In Section C6, we present survivorship data for bald 
eagles banded in Arizona, including those banded in previous studies. 

Part D is offered as a reference to existing knowledge on the history of the Arizona nesting population; 
it reviews published and unpublished reports, notes and interviews. Section D2 characterizes the habitats 



occupied by the nesting eagles, both directly and in the larger context of drainages. Also described is 
the history of environmental effects by Spanish- and English-speaking cultures. Section D3 summarizes 
the known history of bald eagle occurrence in Arizona, while Section D4 presents all known information 
on each of the 28 breeding areas. Section D5 describes an additional 22 historical nest sites that have, 
or may have, been active in the past. Section D6 catalogs potential nest sites for future search efforts, 
based on eagle sightings and reports from the public. Section D7 gives information on wildlife sightings 
and interactions recorded in the eagle territories. 

Part E contains a number of special reports and appendices, beginning with a review (Section E l )  of the 
historical changes that have occurred in prey fish populations and aquatic habitats in Arizona. Section 
E2 describes the fish communities currently existing within Central Arizona, and Section E3 details the 
life history of each species of prey fish. Section E4 reports the occurrence and possible effects of 
chlorinated hydrocarbons in bald eagle eggs from Arizona, followed by a study of eggshell morphology 
as revealed by electron microscopy (Section E5). Genetic variation among Arizona eagles is compared 
with those from other regions in Sections E6 and E7, using both DNA fingerprinting and. enzyme 
electrophoresis. Section E8 details BioSysterns' methods, including copies of field forms and codes that 
may be useful to those continuing to obtain data on the population. Section E9 gives a list of scientific 
names of species mentioned in the report. 

BioSystems9 River Map Atlas is referenced throughout the report. The Atlas shows topographical 
features and the 0.1 kilometer indices along river centerlines used to specify the locations of perching and 
foraging events and the many other details of this study; readers will frequently be referred to these maps 
(see Glossary for distinction between Krn, krn, and Skrn). 

Part F includes a series of maps showing the locations of all active and historic bald eagle nests in 
Arizona, and provides productivity data and nest descriptions for each site. Distribution of this part of 
the report will be limited to appropriate management agencies. 

The six parts of this report render obsolete the two interim reports submitted to Reclamation in 1987 and 
1988. 



A2 OVERVIEW OF THE NESTING POPULATION 

The genus Haliaeetus, extant for at least 25 million years, is nearly cosmopolitan, occurring on all 
continents except South America and Antarctica (Figure A2.0-1). Most widely distributed among the 
eight living species is the white-tailed sea eagle (H. albicilla), the bald eagle's closest relative, which 
occurs in both maritime and continental Eurasia (Brown and Amadon 1968, Murphy 1979, Amadon 
1983). The bald eagle (H. leucocephalus) was once thought to be the only sea eagle inhabiting North 
America; however, a pair of white-tailed sea eagles recently (1982) attempted to breed on Attu Island in 
the Alaskan archipelago (Amadon 1983, Tobish and Balsh 1987). Stellar's sea eagles (H. pelagicus) also 
occasionally travel to the Alaskan coast from Asia; likewise, bald eagles sometimes wander into northeast 
Asia (Stalmaster 1987). 

According to Gerrard and Bortolotti (1988), when Europeans first arrived in North America, the bald 
eagle was believed to have "nested on both coasts and along every major river and large lake in the 
interior from Florida to Baja California in the south and from Labrador to Alaska in the north." The 
species bred in what is now every state and province in the United States and Canada (except Hawaii). 
On 20 June 1782, the bald eagle was officially adopted as the symbol of the United States of America. 

-* Eq White-tailed Sea Eagle SteUer's Sea Eagle 

White-bellied Sea Eagle African Fish Eagle 

k ! I  Sanford's Sea Eagle Madagascar Fish Eagle 

Figure A2.0-1. Worldwide distribution of the eight sea eagles, genus Haliaeetus (redrawn from Stalmaster 1987). 



Seventy years later, bald eagle numbers had radically declined throughout most of the United States as 
a result of human persecution. Widespread shooting for feathers and trophies lead to the extirpation of 
eagles from some areas (Gerrard and Bortolotti 1988). Not only were eagles shot, but their prey base 
was also greatly reduced. Populations of big game animals (e.g., bison), which may have been seasonally 
important to eagles as carrion, were decimated, as were waterfowl. Large-scale control of predatory 
animals (shooting and poisoning for bounties paid by the U.S. Government) in the early 1900s decreased 
eagle numbers even further. While eagles were not necessarily targeted, they ate strychnine-laced carrion 
intended to kill wolves, coyotes, and other predators. The government even placed bounties on bald 
eagles in the unfounded belief that they threatened salmon fisheries. A bounty program in Alaska from 
1902 to 1952 resulted in the death of about 150,000 bald eagles (Stalmaster 1987). The Bald Eagle 
Protection Act (U.S. Congress 1940), passed in 1940, reduced some of the eagle killing, but livestock 
raisers and others continued to kill eagles over much of North America. 

Even more serious dificulties began for bald eagles in 1946 when the highly persistent pesticide DDT, 
developed during World War I1 to control mosquitoes, was introduced to agriculture. Widespread 
declines of bald eagles, peregrine falcons, ospreys, and brown pelicans were attributed primarily to DDE, 
a stable metabolite of DDT, which reached eagles in magnified proportions via the food chains. DDE 
collected in the fatty tissues of adult bald eagles, inhibiting the metabolism of calcium during egg 
formation. The resulting thin-shelled eggs tended to break under the weight of the incubating adults. 

The abrupt impact of DDT on bald eagle productivity was well documented by Charles Broley, who had 
been monitoring reproduction in the Florida population since 1941. Nest success was about 85 percent 
in 1946, but declined steadily to 14 percent by 1952. By 1958, Broley could find only three successful 
nests compared to 125 nests in pre-DDT years (Broley 1947, 1950, 1958). 

The decline in bald eagle numbers across North America prompted the USFWS to list southern 
populations of the bald eagle as endangered in 1967, under the Endangered Species Preservation Act of 
1966. Bald eagles nesting above 40°N Latitude were not listed until after the Endangered Species Act 
was passed in 1973, when surveys revealed that populations there were also declining. By 1978, the bald 
eagle had been listed as endangered in all of the lower 48 contiguous states except Washington, Oregon, 
Minnesota, Wisconsin, and Michigan, where they were listed as threatened (U.S. Fish and Wildlife 
Service 1990b). 

The great reductions of raptor and brown pelican populations led to expanded research into pesticide 
contamination, an effort with its roots in the now celebrated conference on peregrine falcon declines held 
in Madison, Wisconsin in 1965 (Hickey 1969). These and other studies led to a virtual ban on DDT in 
Canada in 1969, and seriously restricted use in the United States by 1973. As a direct result of these 
rulings, bald eagle populations slowly began to recover. The number of known occupied territories 
doubled between 1982 and 1990 when they were reported nesting in all but five of the 50 United States 
(Figure A2.0-2). Recently, the USFWS has initiated procedures to delist the bald eagle or downlist it 
to "threatened" over much of its range (U.S. Fish and Wildlife Service 1990b). 



Figure A2.0-2. Numbers of known occupied bald eagle territories in each of the lower 48 United States in 1982 
(1,482) compared to 1990 (3,014). 1982 data from Stalmaster 1987. 1990 data from Chuck Kjos, USFWS bald 
eagle coordinator, Minneapolis, MN (pers. comm.). In some states the observed increase has resulted from the 
release of captive stocks. 

A2.1 BALD EAGLES IN ARIZONA 

Observations of bald eagles in Arizona are mentioned in the literature from as early as 1866 by Coues 
in the vicinity of Fort Whipple (now Prescott), and in 1875 by Henshaw south of Fort Apache. Bald 
eagle bones dated from 700 to 1300 A.D. were found in the Wupatki Pueblo (Wupatki National 
Monument) along the Little Colorado River near Grand Falls (Hargrave 1939). These remains suggest 
bald eagles may have been present in Arizona for centuries, although it is possible that the bones resulted 
from trading with other regions. 

The first bald eagle breeding information was recorded by Edgar A. Mearns (1890): 'A pair of these 
birds has bred for many years past in a pine tree near Stoneman Lake." Bent (1937) reported breeding 
at Fort Whipple in 1866 and on the Salt River Bird Reservation, which was inundated by Roosevelt 
Reservoir in 1911 (Salt River Project Archives). Bent also mentioned the possibility of bald eagles 
occurring as far south as Central Mexico. Jenks and Stevenson (1937) reported nests along rivers in the 



White Mountains, and Phillips et al. (1964) reported nesting in currently occupied breeding areas along 
the Salt and Verde rivers as early as 1930. We provide further information and discussion of the 
historical record in Sections D3, D4, and D5. 

Although historical data are now available on many breeding areas prior to 1970 (see sections C2, D3, 
and D4), the agencies knew of only two nest sites in that year, both on the lower Verde River near 
Phoenix. Duane Rubink's (USFWS) nest surveys began in 1972, and by 1974 eight breeding areas had 
been discovered (Rubink and Podborny 1976). As nest search flights explored more inaccessible reaches 
of the Salt and Verde rivers and their tributaries, the number of known breeding areas in Arizona grew 
to 12 by 1979, 18 by 1984, and 28 by 1989, these occurring on five drainages (Figure A2.1-1). The 
chronology of events in the breeding cycle of Arizona bald eagles is shown in Figure A2.1-2. 

The development of current knowledge on breeding and productivity of bald eagle pairs in Arizona has 
resulted from the efforts of a great many people. Sections C2 and D3 provide details of the contributions 
of these researchers and the Arizona Bald Eagle Nestwatch Program. 

The rapid increase in the number of known bald eagle breeding areas in Arizona (Figure A2.1-3) was 
partly the result of increased nest search effort, and, in some cases because of the founding of new 
territories (see Section AS), Some sites were reported occupied by adults prior to their discovery by 
management agencies (see Section D4), and many contained multiple nests, some very old, bleached by 
the sun, and dilapidated. We entered some of these nests for measurement and collection of prey 
remains, and found old eggshell fragments, suggesting that the sites had been active prior to our 
knowledge of their existence (see Section AS). Although tree nests often fall (or are blown out), with 
few exceptions, cliff nests in Arizona have remained in place since their original discovery; several nests 
present in the 1930s are still being used in the 1990s. 

Since 1970, productivity of the Arizona population, expressed as the number of young per occupied nest 
(Postupdsky 1974), has fluctuated from zero in 1972 to 1.60 in 1981. However, by comparing 
productivity over five year periods a more stable picture appears, with values ranging from 0.85 to 1.11 
(Table A2.1-1). Over the 21 year period, 1970-1990, 226 known eaglets fledged, an average of 10.8 
young per year. 

Table A2.1-1. Trends in bald eagle reproductive success in Arizona during 1970-1989. 

Breeding % Nest Mean Brood 
Period Areas' Success Size Productivity 

' Number of known breeding areas at end of five-year period. 
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Figure A2.1-1. Known bald eagle breeding areas in Arizona. 
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Figure 142.1-2. Nesting chronology of bald eagles in Arizona. Wide bars indicate peak activity periods. 

Stalmaster (1987) reported that successful bald eagle nests contain an average of 1.6 young. The mean 
brood size (number of young per successful nest) for the Arizona population from 1970-1990 was 1.65, 
equal to the average of other populations. During this same period, mean productivity in Arizona per 
occupied site was 0.90 eaglets. This value, too, is equal to the average productivity for other populations 
throughout North America (0.92 young, Stalmaster 1987). 

Throughout North America, 50 percent of broods contained one eaglet, 46 percent two eaglets, and 
4 percent three eaglets (Stalmaster 1987). Of 162 broods produced in Arizona, 38 percent consisted of 
one eaglet, 53 percent 2 eaglets, and 9 percent 3 eaglets. Thus, Arizona eagles produced 12 percent 
fewer one-eaglet broods, 7 percent more broods with two young, and 5 percent more broods with three 
young than other populations. 

Yearly nest success, expressed a the percentage of occupied nests producing young (Postupalsky 1974), 
has fluctuated from 0-100 percent from 1970 to 1990. Again, by comparing data over five year periods, 
nest success appears more constant, ranging from 53.8 to 72.2 percent (see Table A2.1-1). The relatively 
high nest success from 1970-1974 (72%) may be due to sampling error arising from the low number (2-5) 
of known nests during this period. Nest success for the remaining three periods (1975-1979, 1980-1984, 
1985-1989) was more stable (53-56%). Mean nest success over the twenty year period (1970-1989) was 
56.6 percent, roughly equal to the mean for populations throughout North America (58 percent - reported 
by Stalmaster 1987). 

The rate of nest occupancy is yet another means by which to compare the performance of Arizona eagles 
with other populations. Occupancy rates may be a measure of habitat stability (Newton 1979); for 
example, rough-legged hawks do not breed in years (or areas) of food shortage, while peregrines, with 
far more varied and stable diets, tend to occupy eyries year after year. Of 295 known nest-years for 
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Figure 142.1-3. Number of hown bald eagle breeding areas in Arizona, 1970-1990. 

Arizona bald eagles from 1970-1990 (number of known breeding areas times number of years), only 15 
percent were unoccupied; 85 percent were occupied, 73 percent were active (laid eggs), and 46 percent 
successfully fledged young. This occupancy rate was 14 percent higher than the 71 percent noted by 
Stalmaster (1987) for North America. Similarly, Arizona nests were active 5 percent more than the 
average for other populations (68%), and were successful 3 percent more often (43%, Stalmaster 1987). 

Whether or not the population of bald eagles in Arizona followed the continental pattern of decline during 
the DDT era will probably never be known because consistent records of occupancy and reproduction 
in the state were not kept until 1972 (see Part D). However, DDT was applied extensively to cotton and 
vegetable crops prior to the ban in 1973, and Hunt et al. (1986) pointed out that the highest DDE levels 
recorded during the 1967-1979 National Starling Monitoring Program were from Maricopa, Arizona and 
Chaves, New Mexico. Moreover, DDT was (and is still) used in Mexico, creating a source of 
contamination for waterfowl passing through Arizona, as well as for juvenile and subadult eagles 
venturing into Mexico following their return from northward migrations (see Section A4). 

However, it is also possible that DDT use on agricultural crops did not have as serious and direct an 
impact on breeding bald eagles in Arizbna as in other regions. Many nests are located on free-flowing 
streams in very rugged terrain, unsuitable for agriculture. Cotton is grown mostly outside (downstream) 



of the known bald eagle breeding range, in the dry region southeast of Phoenix. Thus, there would be 
relatively little opportunity for agricultural chemicals in runoff to enter streams and reservoirs used by 
breeding adults (although crops are grown in the Verde Valley and near the town of White River). 

While it is unlikely that prey fish would be strongly contaminated, contamination problems may have 
existed with waterfowl, often taken in winter near reservoirs (BioSystems 1985). In the migrations and 
wanderings of certain waterfowl species, significant levels of DDE may accumulate. Eagle pairs nesting 
on free-flowing reaches upstream of the reservoirs take waterfowl less frequently, and may have fared 
better during the DDT era. However, the younger bald eagle age classes (1-4 years old) probably 
encounter DDE during their extensive travels before settling down to breed (see Section A4). Our studies 
show that some young eagles utilize reservoirs for extended periods where waterfowl congregate, 
However, others are attracted to more remote settings, e.g., free-flowing rivers, tributaries, and even 
rangeland. 

In summary, we cannot know whether the Arizona bald eagle population was reduced by agricultural 
chemicals, indeed, whether it was reduced at all. Table A2.1-1 suggests that nest success, mean brood 
size, and productivity have remained stable at a level consistent with that of healthy populations today, 
even in the early 1970s when other bald eagle populations were still declining (Stalmaster 1987). 
Although the number of known pairs in the early 1970s was very low (there were only two in 1970, three 
in 1971, four in 1972, six in 1973, and eight in 1974; Rubink and Podborny 1976), we will never know 
to what extent the subsequent increase in the number of known pairs resulted from greater effort toward 
finding nests. In Section A5 we shall discuss several cases in which pairs have appeared in areas where 
we are reasonably certain that bald eagles had not recently nested. 

In addition to the breeding population, Arizona receives an inflow of migrant eagles from northern states 
and provinces in the winter. It has been suggested that wintering bald eagles from the north select 
different habitats than those occupied by Arizona breeding pairs (Grubb and Kennedy 1982). For the 
most part, our data are in agreement, but we have telemetric data that native Arizona eagles occasionally 
use the lakes on the Mogollon plateau where northern migrants may concentrate. Moreover, we captured 
and measured eagles on the Verde River in the vicinity of an active breeding area that were apparently 
of northern origin (see Section A4 and C5 for details). 

A2.2 NESTING HABITAT 

Our study has focused on a landscape greatly altered by human activity. Cattle grazing, particularly in 
the late 1800s, eliminated ground cover (including many grass species) and resulted in catastrophic 
erosion over most of Arizona. Arroyos cut into uplands and intersected the water table, creating drier 
soil conditions and draining cienegas and marshes. The rivers became muddy torrents following rains, 
carrying eroded soil downstream, cutting deeper channels, adversely impacting fish populations, and 
destroying vast riparian forests, leaving the widely scattered groves and lines of trees along the streams 
we see today. Overgrazing continues in upland and riparian habitats of Arizona, and regeneration of 
riparian tree species has been almost entirely eliminated. Detailed descriptions of the changes in Arizona 
habitats are presented in Section D2. 

The effects of widespread erosion increased Arizona's need for water storage, irrigation, and flood 
control (Hayden 1965). The large impoundments created in the early part of this century on most of the 
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Life Zone are dill within the Sonorm D~esertscruh Siome, Rith species composition of the Paloverde-Cacti, 
Jojoha, and Creosotebush-Grucifixic~n-tht?r~~ Mixed Scrub Series. In the Upper Sonorar, Life Zone, 
vegetative composition near bald eagle breeding areas indudes Great Basin Conifer Waodlancf. Intericir 
Chaparral, and Semidesert Grassland f3iomw (see Section D2 for daails). 

Tfae a q ~ t i c  habit.&& associatd with Arizona bald eagle breding area< are variable in character. and we 
will show that these variations have a large effect on the types of prey which are avajlabls and the 
conditions or" their acquisition by eagles, Of the 28 h o w n  breeding areas, five (17,9%) contain remla td  
rivers as weli as reiervoirs, two (7.1 %) have only regulated rivers available for foraging, one (3.6% 1 has 
a reserkruir on14. sjx (21.4%) contain free-flowing rivers as well as resemoirs, nine (32.1 5%) have free- 
flowing rivers only, and five (17.9%) are on free-flowing creeks. Data on prey selection in these various 
habitats are present& in Sections t23.1 mind B5, and a comparison of nest success and productivity 
between the settings is given in Section A3.5. 

Bald eagles in Arizona nest on cliffs and in trees. Of the 11 1 known nests within the 28 breeding areas. 
36 were on cliffs, 17 on pinnades, 46 were in trees, 11 in snags, and 1 was built on an artificial nesting 
platforl (see Section C2.2) .  Busch (1988) commented that "Although potential cliff nest sites appear 
to be abundant in Arizona and New Mexico, the bald eagle's proclivity toward tree nests &roughout its 
range ma] indicate that cliff nests are only marginally suitable." However, in Arizona we found that at 
breecling areas where both diff and tree nests were available, eagles selected cliffs in 73 percent of the 
I I I cumulatit~e years of data on active nests, and trees 27 percent. Assuming an equal opportunity of 
the eagles to choose a tree or cliff nest in these territories, the selection of cliRs over trees was high15 
signiticmt (f = 11.4, df = 1, p < 0.001)(see Section C2,2). 

Although eagles nesting on cliffs were slightly more successful thm those in trezs, the differen-" bL. not 
signitlcmt by Chi-Square; of 149 clutches laid in cliff nests, 97 (65%] were successhi, while 31 of 77, 
tree I I ~ S I  clutches (5'R i were successful. The advantages of cliff nests appear to he substrate stahilit) 
md secririt5, while the disadvantages may include greater heat stress (direct, re$7ectdtcil. c o n i i u z ~ ~ ,  and 
radiated) mJ parasites I53exicm chicken bugs). Live trees may. on average, offer more shade an3 they 
appear to lack Mexican chicken bug infestations, ku",agles ~lesbing in trees are more haasceptitlle ro 
dismrbance from the ground and from inundation during floods. Snag nests, while lacking shade, 
pro5abl) offer more convective cooling Ohan :liEs. ~md may. on average, receive less radiatio~l from 
heated susuhstrate. WP discuss these poinb fiirther in Sixtiton C2. 

Arizona baid cagles have AuiIt 57 knobn nests in six tree species, hlost tree nftcts were in Ffemnnk 
;PIECTIMJO%I~S (GRZ, n = 39). tollc~tsed bhy Gt>r+diding uillcp~irs 3 14%, n =. $), Four nests I ~ L C U T ~ ~  ji11 



Plate 111. Nsstftng bald eagle (8.5 weeks old) st thc Orme breeding area, April 1988 (photo b j  D. DnsLoii). 

ponderosa pines $ 7 %  !* four in Arkona s>carnrt:e,i (7% 2 ,  onrf in a p i n j ~ n  pi11e ( 2 5  a ,  m r i  one ill djuniper 
12%). Among h e  i 1 snag nesu. <even were in i~tlonutl.ods, two in v,illo\$c, one in a pinqnn pin?;., 2nd 
one in a juraiper 

Kcsts 1 % ~  meabure~li in trees or snags were rni?sc often sinratfd %ithin linecar rous of trees ba - 91, $~i t ,h  
'-3 

~ S P  gr~lvt'.b, md 2 In isniared trees, hleara distmze to the i l o s l ~ t  iargz tree or snag %as 13 111 irlngt: = 
1 3 3  m). Live trees ca2neaiaming eagle n3sts avcragcd 55 percent campy coxer. ranging B^rc\et? 0-100, 
alrhough raeshs were also placed iri snags aa.ixh no shade svailabbe [see Sectian C2.2j. ,".;at tree ht.ighe 
akaraged 28 ma ~ i t h  the nest: place. 16 m above the ground in trees iar snags with a maim D R H  (diameter 
at krcact heighri or 85 cnn (range -= 47-126 cmj Tree nesb were p i ~ c e d  31-2 limbs = 8 1  as 8xeHI a,. kin 



&c hole ( E  = 5 ) -  with a m a n  diameter UP 30 cn? {range =: 20-43 m), ;md three uy. tour S U P P U ~ ~ ~ ~ B ~  

branches avcragmg 16 c~la isn, diaaneter and 115 c n ~  apart These data .end those sranmarized elbe~hcr-e. 
~II t h i s  section are etn tjfe at Reclamation in Phoenix. 

Bald eagles built 5.7 knowrl nests on cliffs or pimaclea, VC7r tried tto delecr a erznd in nest aspect In a 
smple of 40 of these siteti, having removed from the smple one which was arrificiai, one" we were" 
unable t~ examine, and dl which Here Incateel on the t o p  ~2%' pimacles with a 3W" bieu. Of she 
remaining 40 cliff and pinnacle nests mnsiderd in F i p r e  A2.2-I, we found no significant d e p ~ u r e  
from random aspei.t by Chi-square analysis. We spe~ufate that if a prepondzsmce of \vest- . east- and 
north-Fdcing cliffs were to prevail in a larger smple ,  the reacon would be that, in spring, the duration 
of direct sunlight is : o ~ e r  than on south-facing cliffs, and the average resultant mgie OP solar incidence 
is higher, raulting in lower temperaturfi (see Section C3 for temperature measurznents at nest sit&>. 
Nests we measurd were placecf in xw receiving pmid shade most oft-en (n = 26), foliowed by no 
shade (la = 3 If, then htl shade (n = 6). 

Nests we measurd on cIiffs were Iozated on the cliff faze (n = 12) as %elf as on tctp jbl = 38, on I d g a  
~ i t h  a mean diameter of 105 cm (range = 554m cm). fiests were placed an average elf SO In above 
tile ground (range = 27-130 m) on cliffs avzraging 95 m in height (range =. 50-155 mj and 373 an in 
Iengh @mge = 1 0 a  m). 



N a t s  csn p i~na ; la  ~ue rc  either on the pinnacle Btrp i r ~  = 5 )  r3f the face (3  -- 31, an3 tht nt;r:ing ledge5 
hdd  a mean diameter of 240 crn (range = 86-508 cmm Keqb were piaced m asJr.rage of 32 H H ; ~  above the 
ground (rmge =. 20-180 rn) on plmaai'a 100 rn an height trmge =: 20-1Xt9 mi md 10 m in ien-gth 
$range = k-20 ID). Nsts were piaced on free-standing p~nnaclm gn =: 41 as %azll a24 pimadis  connei;tt?% 
eo iIiE5 ; E  = 5). 131stance frcjsn p imac l s  to the wcarest cliff 999 wi, rmging fxom B n) 4x3 m 

%%en h e  pinnacfi: w a  part of a cliff? the mem disrmce from the pimacle to the cliff w a  7 m (rtlr,ge 
=: 1-15 m), vlith the nest tocated 30 n from the top nf the cliff ( r a g e  = 7-50 m),  on cliffs averaging 
9 3  m mian len,g& (range =: 100-2m m). 

Wc: xllected details on n s t  site characteristics at 32 individud Xrizdna haid edgle nests we: dntzred &sir 

T ~ P :  coL1ection of pre) remains md eggshell kagmena after the 5oung had t ldged lise mallcxc rest 
{Coolidge 3, a cliff nest) mearurd 84 x 68 cm (2.8 x 2.2 ft), while the Ixyzst  nest (Orme 3, a dift 
nest) measurd cf2.9 r 2.3 m (9.5 x 7 . 8  fk), Tbs nwt of grmtHt depth @ a ~ l e R  4 )  w a  wedged between 
a cliff m d  a pinnacle, spanning 4.8 m (1 5.8 f t j  from top to hottorn. Two n a t s  on pinnacle t ~ p s  (Orme I ,  
Cliff 4) were merely a f e ~  sticks arrangd in a circle, with some crush& vegetation and dirt in &e 
;enter, The mean dimeter of the 32 nmts (8213 meaurements) wa.k 156 crn (range - 49-289 crn'j, ~ i i n  
the soft inner-nest lining averaging 75 crn (range = 13-1671, mJ egg bowls 19 cm {rang2 = IO-30 cmj,  
Egg howl depths averaged 9 cm, depth from the nest rim to the center of tke nest 13 cm. and  be mem 
depth of the nest structure was 77 cm, rmging from 7 cm w 4.8 meters. 

Arizona bald eagle nests are unusual in that mmy of the species of wood?; plants and trees utilized for 
nest construction are unique to the desert environment. We found 22 species which were used to form 
the main nest structures, including the inner skeletons of teddybear sholla and cane cholla, sagQaro cactus 
ribs, prickly-pear pads, the stalks of yucca. sotol, and agave, ocotillo, crucifixion-thorn, jojoba, 
paloverde, maquite. scrub oak, brittlebush, juniper, a h ,  cotronwood. sycamore, %illow, cherry, 
ponderosa pine, and pinyon pine. In addition, we recorded a variety of species which were utilkcd for 
nest lining. Plants included sorghum (heads and stalks), corn Busks, cobs, and kernelsj, sotol ('Dase 
leaves and the stringy fibers), various grasses, shreddd inner hark of cottonwood, horsetail, mistletoe, 
ferns, jucca, snartweeb, sedges, moss, and the n e d l s  of juniper and pine. We also found live 
hdgehog cactus, prickly-pear cachs, md jc?joba bushes growing in the nests. The most common species 
utilizd for nest sticks was Frernont cottonwood. follow& by mesquite, juniper, palo verde, sotol, cane 
cholla, and ucorillo. T h e  width of nest sticks rang& from 1-195 cm, with 320 randonly selected sticks 
averaging 19 cm. 

Habitat surrounding the nest also varied, with 11 nests in desertscmb habitat, 10 in desertscrub adjacent 
to riparian areas, 7 in riparian h;abitat, 5 in juniperaak scrub, and 3 in pine-cdar habitat, Sests we 
m e s u r d  were equdll; disuihutd between cmyons in = 18) and open country ( ra  = 171, arnd two were 
OIB mountains. The mean distance from 35 nests to water was 2fM rn, rmging from 0 to 1800 rn. 



$23 EC'OUIGV &YEP H-aFTAT OX" FOEAGING BY&B EAGLW 

Bdd eiigles are known for their diverse ways of food acquisition, a cgndiaj that accounb f'jr &eir wide 
distrihutic~n in North America and their success ~ H B  8 large varietj of habihts, both at nt;st:ng rzrritorla 
and on wintering grr2undq. They are competent hunters of all the vzrtebrate classes and even take 
invertebrates (Mawhecker 1958, Gmhb and Coffee 1952, Vermcer and Morgm 1989, fiighr, er a:, 
1990). But the primary (and preferrdif) food of the eagles over most of their range is tlsh, which tend, 
on average, to he twice as numerous a birds (mainly waterbirds) a~ld four times as abundant x h  n m m a l s  
in the diet !l(Sttalm&qds:er 1987). 

Bald eagles: ( I j  ~ a t c h  live prey: 12) st& preq i t e m  from other prdators, especiafly ospreys; md, (3) 
find carrion, All threc of these %raging modes are tjyicalt?, and c u r n o d ? ;  employ4 bq eagle pairc 
during the nesting season. In winter, eagles not attach& to nesting territories may concentrate in areas 
where fish or vk*atzrfowl carsion is plrntihl. In general, juvenile and subadult eagles are far more likely 
to take carrion than like prey, but adults rake signiflcmt anouns  of both. 

In our experience, nesting bald eagles are &ways within foraging rmge of water, be it- maritime, a I&iki: 
or reservoir, or a river. 1C a nest site is situatd very far from water. it is likely that mature trees or 
other acceptable nesting subslrate is unavailable nearer shore. or that human disturbmcz has driven the 
eagles away. Close proximity crf perchis (and nests) to water is advantagmus in providing filraging 
opportunity witbout the physiological cost of remaining airborne (see Stalrnaster and Ge~saman 1984) 
Not surprisingly, in our current study of foraging eagles, the vast majority of attacks on prey v+erc. 
lmnched from perches from which prey appeared to have been seen before flight (see Section B4). 

In Arizona, bald eagles nest exclusively near stream courses, including those where flows are d 
and remlated. Eagles at about half the ns t ing territories are within foraging range of a resenoir, while 
the remainder depend entirely on riverine habitats for water-related foraging. Of the 16 territories beyond 
foraging rmge of reservoirs, 9 are on fie-flowing rivers. 5 are on creeks. and 2 are on a reylated river 
reach. Of 12 breeding areas within foraging range of a reervoir, 6 contain free-flowing reaches, 5 
c o n ~ i n  regulated reach=, and 1 has only resewoir habitat. 

In this section, which sumar izes  and discusses the main points of our studies of foraging ecology, we 
will show difirences m o n g  habitat settings in bald eagle prey selection, home range, and habitat use. 
rIfs~s,se results can be used to evaluate fhe significance of water projects to bald eagles and n a y  apply to 
habitat protection and management of Arizona eagles and hose  in other regions that nest along rivers and 
impoundments. Material Z'or this discussion derives mairily from the detail& foraging and habitat studies 
of the seven breding areas d s c r i b d  in Part B, Added to these findings are mdyses of prey remains 
we collect& ;ir 23 eagle nests active in Arkona during 1986-1959. 

We then summarke eiologicai and life history characteristics of prey fish which contribute go t%lear 
availability ti, eagles. We contrat  ahe relative importance of rivers md resewoirs as eagle fnragiq  
habitat, m d  discuss the way in which live fish and carrion be~orne available to eagles in reservoirs. We 
cumpxe use rates of river habitat rypes (see Glossary) by eagles with the relative abundmce of the 
habitats within breeding xw, and discuse &c conditirl~s under % h i A  the eagles are able tit exploit the 
~ a r i o u s  prej species. We summarue our data on microhabitats rsee Giossaryl at the points where eagles 
atY&ck& live 6sh and explain s h y  aemin river habIta& attract prey fish. Finally, u e  dtscribe the Inrsnae 



rringe mi>;ements of r'imgixng adult eagles aald rdate 815 extent (st &me movements t i p  pres, criiurrence 
and $$IC particlrl:drs ct ilakiear 

4 ~~rept>nderance c ~ f  fish in the d le~s  of bald eagles has been r e p o s d  &roughout their range in N<t& 
Am6riza by numercjus authors, In Florida, for exrunpie, McEwan and IIist3n 11980) found bald eagltc 
preyi~lg ~ ~ j i f ~ t % j  (JII ciitfJfsR and Americm coots: fish represented 70 pzrcenr of the calcufdtd hiomass, and 
birds aczounted f ~ r .  26 percent, Dunstan and Harper (1975) reg~ortd 5fimesota bald eagles costfuming 
primarib fish; 90 paLent r)f total individ~ials identified a aspre? werht fish, Bmiiheads, taken ras 2arricx 
or near the surface in shallow water, dong with suckers and n o d e m  pike capnrrd during spawning 
mns, constituted the rma-juriQ crC tjsh found in the MinnaoQ prey remains. Minnesota eagles przyed 
somewha: upon birds (rnnqtly ducks, 8% of total individuals); however, they rarely consumed m 
prel during the brzeding season, Bald eagles nesting on Besnard Lake, Saskatchewan fed on fish $most 
erzluslveiv dairing nesting (Gerrard and BonoIoai 1988). The Besnard L,&e eagles exploit& many fish 
ds i,irrlnn, but apparent!! also took live, surface-feding ciscn and stream-spawning white sucker and 
nc?rhern pike, 

In another study, He reported that Sacranento sucker utntriburd the g r a w t  biomass to the? diets of bald 
eagles nesting along reservoirs and river aearhw of the Pit River in nortfaern Cdifornia (RioSysxems 
1985, Hunt er al. 1992~) .  Waterbirds were frquentiy taken during winter mon&a, and mammals were 
least important, Suckers were taken as carrion in reservoirs, apparently floating downstream after 
spawning in river sections. We also observzcl eagles capturing live suckers in shallows adjoining pools 
in the river reaches. We d s o  found Sacramento suckers to be important to bald eagles nnesting elsewhere 
in n o d e r n  Cafifornia, along with c q ,  bullhe&, coot. mallard, and trout (Pacific Gas and Elearic Go. 
1988). Several pairs n m t d  on reservoirs dominatd by hatchery trout; howekrer, waterfowl and nongarne 
fish supplemented trout in the eagles' diets. Trout were taken both dive and as carrion. 

Swenson et ul. (1986) obsew& that the diets of bald mgles nesting in the diverse Gredter Yeiiowstone 
Ecosystem varied in relation to food availability. Eagles nating on lakes (e.g., Yellowstone Lake) fed 
mostly on birds (68% of individuals were mots and mallards), while pairs nesting on the Snake River 
used mainly fish (ST%) ,  principdy Utah sucker and Utah chub, Todd et al. (1982) found that fish 
zomprisd 79 percent (numerically) of food i t em collected from bald eagle nests in the interior of Maine, 
al&ough birds account& for 76 percent of the diet of agles nesting along the Maine coastiinz. Interior 
bald eagles captured mostly brows bullhad, white sucker, and chain pickerel. The coastzri eagles relied 
on a variety of seabirds and waterfowl, chiefly black ducks and hening gulls. Knight t t  ul. (19301 
compared the die& of bald eagles nating on marine ecosystems in Vc'rrchingron state. Although birds 
iprirnahily wzstern grebes, comctn  murres, and gulls) were m s t  Gornmon in the prey remaim of all 
regioaas, eagles nesting along the coast (Olympic Peninsula) appruently utilizd more birds, uhili. caglc% 
nesting along @le more protect& waters of the San Juan Islmd md h g e t  Sound regions ate marc fiah. 
h l m j i s  were significant b l 1% of grey numbers) o d ?  in the San Juan Is!ands where eagls. ccafattnred 
r ~ l d  wurld rabbits. Eaggies in Washington eagIc\ apparently consum& several species of ~hr l l f i~ka ,  
indluding abalone W i g h t  p t  rlf. f 9901. 

Mersmann (1989) reported that Cfnesapde Bay eagles wesurned most15 fish &&ad shad, chmnel 
;axfish, Atldrntic mzmhdifen) ir, the spring and b u r n e r ;  waterfowl and d e r  zarrion were impssrm; i~zt~n the 



PIate X .  Adult female bald eagle: at the Cikcue breedmg arm. bIa* 1999 @hero b j  G. Beattj $. 



winter. Ilaigoni, ill ( I  g86, nutixi aH~nclst equal use: of bisdr and 6th 142 %I each, ~aumezizallvl b] eaghes 
nesting in Eouisi:tna. Fish preq included mmoctiy catfish ((rpp.1: n~anamals coneributd 16 percent i t n  prey 
numbers, prirnariiy muskrat and nutria Shemtd PI  aH. 11916) eiescribsd the diet of bald eagles breeding 
asn hmdsilka lisiand, Alaska as a\-lan and m z m a l i m  iisebircls and young se, otters,. Fish, ilfien brought 
to nests hmdless, ma! have heen poorB> represented in the prey remain analysis. 011 San Juata Island, 
Lf'ashin~qt-iln, nesting eagles consumed Iarge numbers cab-' carrion rabbit (Retfdvi 1965 9 ,  aitllrlugh f%h, 
prirnariI5 rockfish (St>bu~crde.\ spp,'i, were also importartt. 

W%ile studying the diet a~f the Arkona bald mgle pitpuiarion, Haywoed arad Ohmart 119861 fi~unii 
signifjzant numbers of carp, channel and fiathead satflsh, deserr and Sonora suckcrs, American cocrt, 
jackrabbits, and cctttuntails. In an mdiiqsis ot pre) remains, Haywr,od and O h m m  rzporrd that Gsh 
constituted 77 percent of prey nulnherh but imIq 58 percent of stimated biomass; hirds represented 13 
percent r?f numbers and 14 percent of total binmass. The occurrence of marnmala in the nest prey 
remains (28. I %  of biomass and 12% nnumericallq I ,  and a greater caloric contribution cti nlar~amaIs over 
fish. i d  Hay~onc? ai~d Clhmart to pclstufa-te that mam~xalian prey was "~ssent id  i l ~  satisfy energy cfcmallcfs 
of bald eagles breeding in Arizona," 

Interior bald eagles consurne man! bogom-feeding fish species such as suckers and ~atfjsh. For instance, 
in interior Maine, bdd  eagles took mostly botcom-dwelling fish: 84 percent of all fish and 64 perxnr of 
d l  prey numerically modd et ul. 1982). Siainz eagles apparently caught brown bullheads in shallow 
water in s u m e r  and white sucker during spring spawning runs. kiersmam (1989) found that in the 
Chesapeake Bay, eagles took gizzard shad, channel catfish. and white and yellow perch mostly as carrion, 
while Atlantic menhaden were usually capturd dive. The water depths at live fish capture sites were 
less than those recorded for carrion or for forages of unknowrl status. Perch and catfish were c o m o n  
in carrion surveys conducted on ChesapeAe Bay. 

The hlyothesic offered by Swenson (4 9791 h a t  the downward visual orientation of bottom-dwelling fish 
increased their susceptibility to prdation was questioned by Gerrard and Bortolotti j1988j. They report& 
&at Saskatchewan eagles took rnore surface feeding cisco than botfom-feding whitefish and suggest& 
that surface feeders were thus rnore susceptible to batd eagle prejatiun. 

However, the di%culty of determining whether fish are capnird alive or taken as carrion has conkserf 
tile issue of which type of fish is most wlnerabie. For exampie, we &served Iarge numbers of carrion 
stickers and brow11 bullhead on the surfaces of several reservoirs in noxthern Califc~mia (HioSystems 
1985, F%ccific Gas and Electric Go. 19883. Subsequent arrdysis revealad a preponderance of these species 
in p r q  remains ccsliectd from nests of eagles breeding on these impoundments. 

Several authors have compared analqbrs of raptcr prey remains with observations (maid? phot~>graphnca 
at the nest to assess h e  value ot pre? remains in correcri~ descrihang the diet Fnr golden eagles- 
Collopy (19831 tound no difference when using the t ~ o  methods f ~ r  sstimating percent riccurrenzc or 
per:,snt biomass  if prcy specics atilized (mos~ly birds md mamrnds;. although total Ipit,rnai;\ K ~ X  

i~nderestimatd in t h ~ .  prep. remains analysis Todd el al. $19823 rzpor t~~3  that foijd debris cn81;;tis~s 
made b e i o ~  bald eagles nssts in Meini: underestimated the numbers acnrdl) observed deltverd to the 
mst, but coiicctiiznr from the nest bcui rvxC  more aicurati: aa prejicting frrapaen:ies nf delivrfrsd pr2> 

From field ctb\ervati6sns, Todd ct ptl, noted that fine-honed fish ruzh as American 221 and t o m c ~ d  werp 
c c i ~ m o n l y  cagrured b> eagles, hosibever. rhcw species were 710~1~1) reprebented iin ~0igBe-3tin11> 0f prr j  



remaim. These arnrInors also detect& a b i a  iin hvcx of n . ~  aliarn and bnrd remaim bbeJo\s nest,< an9 
found fiat, among flnh remains, only stepat hones Rere %ell represenrd. From their pre: r c ~ a ~ i m  
analysis, Dunstan illld H q e r  (1975) also surmised that sironger-boned fish (bulihmds, sucker, and 
nctrthern pike) may have been over-represent& compard to the weaker-boned fish such as ~entrarchids, 
walleye, veilow perch, and ci~ctr. F u ~ e r ,  @ley o h s e n d  &at some fish deliverd to isle nest were 
missing anterior portions md thus identifiable bones. Other small tksb were eaten whole, eirher by fit: 
adults in flight or b j  young In the nest. 

Similarly, Dugoni er ul. (1986) ohseru& 20 gizzard shad brought to nests in Lr~uisiana; however, renalns 
of only two were recovered in remain5 coIlecreil from the nests. Resfalvi ( 1965) c o r n p a d  one breding 
season's nest ubsewations with prej rexnains representing several yews use at one of the nests and found 
greater occurrence of birds and fish and fewer m als in the prey remains versus nest obsewations. 
Retfafvi hsothaizetf  that the differences might be explained hy the eagie's behavior of bringing in whole 
fish (with identifying bones) while larger mammals were torn apart prior to nest delivery. h another 
comparistrn between prey remaim and direct obsen~atio~q (47 deliveries) f i ight  cr al. (19901 fcund birds 
more prevalent in pre! remains collected be lo^ the nest than in actual nest deliveries, Conversely, fish 
were under-represent& in the remains collection. 

A study by Mersmam (1989) compared pellets and prey remains with the actual diet fed to two captive 
bald eagles. %%en exmining the pellets alone. Mersrnann found a fairly %:curate representation of bird 

al species. However, mdium-sized rn als were over-represented, while large manmmdian 
carrion was under-represented, and, as expeted, fish were poorly represented in the pellets. Conclusions 
were also r e p o n d  for the prey remains comparisons, which were biased towards birds, medium-skd 

als, and large. bony fish. C a ~ s h  lefi the highest percent of remains compard to the actual diet 
(87% of actud), foflowed by white perch (78%), carp (73%), gizzard shad (67%). menhaden (61%). and 
American eels (16%). Large fish (85%) appeard in greater percentages than mdium-sizd fish (69%) 
and smali fish (49%). Mersmmn speculatd that the degree of catfish use by bald eagles as report& 
from analyses of prey remains in the Korth American literature may be inflated as a result of this 
tendency, ;in hypothesis support4 by our data in Arkona. 

-43.1.1 Prey Selmtion in Ar"tna: Ovwview and Biaes 
We investigatd the diet of bald eagles in Arizona using several techniques, including: (I j an analysis of 
the remains of 2,601 prey items collet& in nests. under perches. and just after foraging events at 23 
bald eagle breecling areas (Section B5), and (2) observatiom of 71 1 prey items as they were deliverd to 
young in the nest by thc: six successful pairs of eagles we studid with telemetry (see Section R5 for 
details). In the prey remains we identified 19 species of fish, 26 species of birds, 16 species of 

ds, and 3 species of reptiles (Section BS). Averaging rhe biomass proportions for each of these 
prey classes in the remains from each nest yizt3e.d 71.3 percent fish. 18.3 percent n m m d s ,  and 10.3 
percent birds I the reptile biomass contribution was negligible when considered by this method). Four 
groups of fish accounted for nearly 100 percent of the biomass: most important were catfish spp. (mainly 
chmnel cae~sh),  followed by sucker spp, (desert and Sonora suckersj, carp, and perciform dnaiaady black 
cragpie, yellow b a s ,  mind i a r g e n o u ~  bass)(Fi,oure A3.1-2). Of these fish, onSj rhe suckers are native 
to Arizona, 

To address the question ctf whe&er prey remains adequately represent @&d eagle die& in Ariaona bi,e., 
whether skeletal p u s  of some species persist longer than those of orhers), we compared the results of 
prey remains ckt%lexions wi& data on observd deliveries of prey item$ to the nest at the intensslj studied 



eernt<~ries oa the Srdk and Yzrdt. river?. TIIC results itf  &is con~paison, Jetailed in Section 335, suggse 
thats altinougli df inpohtant taxa are ~dcntiged, s a ~ l ~ p l c c  of prev sernasns tend tu:  t 1 I unsferestimari: ssn~ken 
and percjfitmas, and !2\ over&qtlmate catfish, birds, and m ds. Figure 143 : -2 C O C I ~ ~ S L ~  the re.mk< 
atf tbe two metfncrds hy averaging the mesa biomass caXcufaeions for tiie six territtlries ,rwcr the altirrt 
nestmg seahen, zzd for lhrze territories where subsets of prey remains co:ie:tin~as represented cnly the 
periods of prey deliver! nbservarions Thc directiuns of bias beevleen remain< anti deliveries in biomass 
estirnatlons for ea:h przy calcgory were consistent, Later in elis szctlon, Re will show a sirnif:tr 
consistency in direct~orn~ (72 bias for most ctf the taxa %hen compared as each of the six smdied tderrirt~rics 
where dara were ohrained 011 both prey dzliverics md prey remains. 

In Section B5, ~e also describe an aridyiis we made (with ehc. help of M, Jakle, T Gatx. zu~uad ?he 
Phoenix Zoo) of pi-+ remains from a "blind" sample of fish fed to a captive bald eagie. The outcalxle 
ot &is experiment suppc~rtbd our field dara in &at soft-boneti fishes tended tco he under-represznrd. For 
exampie, while eighty percent of catfish si~perued in the remains. 60 percent c%f the stlmzwhat softer- 
h<)ned suckers were found, and on14 8 percent of  the verj snft-h~\rnz! trout w ~ r e  id2~1tiiied. Carp, being 
large ancl hard-honed, s e r e  aII idenriiled from the remains. 

Obviously, prey de:i\ery obswvations gi\ t: a refativeij unbiased view of prej  selection, but o d y  for tbe 
specific periods when dciiveries are observed. While prey rernairls collections tend to show dill taxa talar 
were imp<,rtmi tc the eagles. there are a number of biases, including: (1) fish art: likely ta be under- 
represent4 while rn als arrd birds are over represented; 12) suckers and perciform are likely to be 
underesrimatd; and (3)  catfish are likely to be over estimatecl. 

Fsgure A3.8-1. Reldhlve b ; ~ n u ~ s  contributions to the drek of , h w n a  haid eagles as revealed by przj rernamm 
colfect~ons. Thc prcenragm s h o ~ ~  art: m e a s  of preg h~orn;tss contnbtt~rjns cai;illatdd tor each c?f 23 bald wplc 
b r d m g  area.  Biases exlit here beaust .  of d~tlrre~ccb m the duk-abnlzt? of bod! pads: iisb tend to $L- uadrr- 
rzprescnted m pre) remrns,  whale bnrdh arnd mamm-ils tear?; to be s i c r  r e p r e g n t d .  
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Figure A3 . I - f  la and b). Esti:?ia~in~ u bald eaele v diets (b!omas@ with prey remaim versus prey iieilvenes. 
Graph A eirrnpsres rzsulra ohra;zecd aat six bald a g l e  breeding a rcs  where BIoSystems conducted i n t e r s i ~ e  
foraging stisdies <Rz-eIsn- Blue Poia:, Easr: Vcrde, Horszshite, I,adders, and Final'], G n p h  r$ uses ali 
prey remains ;siiecte.dl whiie G r q ~ h  I3 consjders iinl>- the tima f r m e s  when prey deliveries wehe 
c~tPsera.cx-j aar three neses whsse such data were availabie, Noee the ;onsisre.n:-y iil the directicm t ~ f  bias. 



A 3 . 1 2  Roll EBret Fish ?%re Distsihutt.cf 
The diets cmf hdd  eagle pairs cumentlp nesting ipl A%saa,sna a e  fx rrrm urai-fclsm horn a gwghaphsz 
standpoint, but \ a q  rather strongly with nabitat setting, IargeB] because rhe varying habltacs support 
differing relative densities of prey taxa and may present &em in differing vcays co the f~ragrng eagf~s.  
The aqualic ztd terrestrial hzbi.rilb characteristic of c he various bsesding ~erritetrids are dessrahtd in 
Sections B3 (for palrs sbdied wi& telernetrf;) and Dl (for ail pairs), Factors agecaing prey hsh 
composition m d  density in the 1 ruiajus habitah appear to be: i l l  wazer temperature: (21 s~rrhidiry; r _i\  

wfie&es a reach is flowing or impound&; a ~ d ,  (4) whether it is affectd by fish entering it from rt n a b )  
resewox {see Section E21. E'ikqrse AJ. 1-3 diagsms how rkle rela:~vc perczntages of stle'kers, zxp, 
;aa%A, and perciforms might vary with the descent of a hjpcsthztical drainage nn central AAria,r~ii. 

Vamnte ~i a!, bi9XOi, ~ tud j ing  free-Rowing river systems, pmposd that, moving dounstrearn from the 
headwgterc to the mouth of a riker, a continuous gradient of phpsicd md chemical factor> influence 5st-m 
com~uni ty  strucmre. 118 Arizona md in man! other rcgjons, rhe discontinuous effects of flow reelat ion 
{md impoundment also influenx fish populations fn central Arizona, trout inhabir the cool headwaters; 
hauever, bald eagles do not current]! ner: in these habitats. Downstream, as wacer temperatures 
increase, suckers, smallmouth bass, mind &en channel cat"rish gain in f requ~ncj .  $Ti& funher \+arming, 
carp and catfish become the prirnarq. species in size categories suitable for bald eagle foraging. FPH. 
suckers are present in warm water enviromenis. If no reservoirs were present on the warm. lower 
reaches, car;, and catfish would remain? ~e dominmt fish species. 

&%en a river enttxs a reservoir, the fish cornunity changes dramatically. Here. perciforms are most 
numerous, dthough the larger carp and catfish may contribute significantly to the overall fish biomass 
in the reservoir. Most of the perciforms in Arizona reservoirs are bluegill and green sunfish, neither of 
which are very important to the eagles. but larger species, such as black crappie, yellow b a s ,  and 
lxgemouth bass. are us& replarly,  (We will describe in Sections A3.2 how each of these species 
becomes avail able to eagles .I 

The fish cornunity below the dam is influencd by the temperature of the water emerging from the 
rcsewoir, If. in spring and s u m e r ,  a reservoir remains deep and somewhat stable, the top layers of the 
impoundment will insulate the deep layers. U%en water is released from the depths, as is typic$ in 
Arizona, it will be far cooler than mbient air temperatures or the water tlovlring into the reservoir. 
These cool releases favor sucker populatttiom, just as the cool reaches nearer the river headwaters do. 
As the water flows d o w n s t r m  from the d m  in spring and s u m e r ,  it rapidly warm and becomes more 
suitable for carp and catfish, Silt loads, however, are far lower than those in free-flowing reaches 
upstream of the d m ,  and this, combined with protract4 spawning opportunities for suckers near the 
d m ~ s  {see below)- may favor suckers even in areas where warming has occurred, 

If. on the other Rand, the reservoir is small anJ shallox lor uns~ahle) and fails to maintain a cool 
hypolimnion, h e  w ~ m  releases will favor carp and catfish in the reach below the d m .  During spring. 
&s,ce rikerine populatiom may he augment& b j  spav;ning mns of addition& carp and catfish from 
d o w n s t r w  reservoirs. influx of these reservoir fish into boLi reguiatd and dee-flowing rives 
reaches may depress h e  populationr of other spwies. such a suckers, that mighr otherwise besolade 
e.s~ahZisFP& 





Plate A3. Depth of water releases (tunnel indicated by arrow) from a shaliow reservoir (Horseshoe) without a coed 
hypc)lidon. February 1989 (photo by D. Driscoil). 

H%&e A3. Depth of water relaces (tunnel mdicatcd b j  ;%nosh>:! 69-m a deep xeseworr iBa~tienn~ "%ilia a 

hypd~rnn~ian ,  Frbnmrq li369 @hole by D. Dn~icillj. 



kh3,%,3 fkjgrlrph: of Ilfey %leeion 
Figarre A3.1-1 she% s Bhe percent bic'rrn;b~s of $r%c major pre3 groups t:&ikel.m by 'hdd eag'ae~ at 2.3 br ctx!rn& 
territories in Arizona as determind by m d y s a  of prey remains and c~bsemations of prel ddivcrici 
to six nests. In interpreting the p ie -chm baed on the prey remains, a is impet&ant ti? rernemher that 
hxd-bond  species, such as ccafish, carp, bxds and n~rnm;i%s %ere likely s~er-rzpresen8ed, while suckers 
and perdifom5 were probably under-rzpresznted in dietary signikicmce. 

The variation shown in the fish groups &ern b l  the eagles dong the Arizona rivers and reservoirs rnlrrttri 
cc, some exrent the distribution of the fish cornmunitis as shown in Figure A3.1-4 and suggests thar f i i h  
x e  rakm more or less relative to their abundance. Suckers (both desert and Sonurai, for exampie, a2pcar 
most cnmmrrnly in remains (and dellverq data) coilected at nests sibated on or near regdared ~.eacfti.i; 
d o w n s t r w  of h e  last dams and in the free-Bowing reaches nearest the headwaters. Perzifcbrm.5 ~ e r c  
riakcn mainly in the rwenoirs brincipally black crappie, ytAlow bass, and largemouth bass,!. 'I21ose 
acquired in fi.ee-flowing river sections were rnairity smallmou& has? and, to a lesser degree, Largernotlth 
bass. Eagles took several species of percift3rm on the free-flowing Verde River upstream (.if H ~ r h e s h ~ e  
Reservoir, Carp were taken largely in the warm reaches upstrem of reservoirs and in the rescn-oirs fed 
bq them, implying rhe occurrence crfspawning migrations of carp out of the resenoirs and into the rivers. 
The impa,rt&?ce of a r e ~ e ~ o i r l r i v e r  association is suggested by our findings at Alamo w h a e  carp were 
poorly represented in prey remains and where flows into the reservoir are intermittent. Significant 
mounts of ca@sh biomas (channel and flahead) were common to almost all nests where prey remaim 
were collected. The greatest mounts were at Alarno reservoir and the free-flowing river rea~hes,  
especially upsrrem of Rooseveft Rsemoir .  

Table A3.1-1 lists the fish we determined to be most important to eagles in Arizona. Among those listed. 
only seven taxa madz significmt contributions to fish biomass at my one site (i.e., over 15%). These 
species are, in order of significmce, carp, suckers (Sonora and desert suckers), channzi catfish. 
largemouth bass, flathead catfish, crappie (virtually J1 were black crappie), and yellow bass, This 
ranking is probably more useful than that suggested by a listing of aggregate b iomss  (remains) from all 
nests (as presented in Table B5.31) because of the varying s m p l e  sizes. Another consideration is ha t ,  
even &ough yellow bass contributed significantly to the diets of only two pairs, these were the only pairs 
in Arizona with significant access to yellow bass. To a lesser extent. the s m e  is true of black crappie, 
which occurred only in reservoirs, These seven taxa are probably taken lrugely as a function of their 
densitis, but we will show below that ecological and life history characteristics of these specks also 
influence their availability to eagles. 

als were more impofl3~t at some sites than at others (and during high flows), and it is curious to 
note that their proportion appars  to increase (that is, to exceed 25 percent of b iomas)  in sites distal to 
othlrs dong  the Salt and 'b'erde drainaga. Kore in Figure A3.1-4 the high contribution of mammals on 
the upper Salt River (Cibecue mind Lone Pine), on Tonto Greek ("76" md Sheep), and at h e  ~itnfluence 
of the Salt and Verde rivers (Omel .  The only other breding area where m a m d s  contributd more 
than a qumer of total biomass w a ~  Coolidge, the only site with a high prctpoflion of nlammats dlat is 
near a resen70ir. We can only speculstre -that marnmds increase in importance ar these s i t s  because there 
axe fewer abundant fish species in most of these rtutlying habirals, thus decreasing tcmprtrd "windowsw 
of fish availahilitj resulting from diEerentkd spdwraing times [see S e ~ r i a ~ n  A3.3.41. 

Because aquatic enviromens are sine quo nan for nestlng bdd  eagles. it is rempting to hypothesize that 
paars takiilg high propclfiiom of an a$$ a e  in mzgina% l.nabiar for nesting success, Tn tzbk &is 







'I ;sbli. A3 1 -1, Fahh spe;ieq ieientlfied In sigs-~fl;mr frequmc;.ie,s (> 15 % L ~ C  total kkb b a a l m ~ a  i a: 23 ha14 
eagle nesting t;;rr~tori& 1x1 Asbond, Datd "irul1-n the six priority slteq Bere derived irorsa 
pre? obscmatlons: all. or4i;esa j~tam prey remains ;i~llzc~id froran nests, 

S ~ e c i e c  Occurrence in Diet , 15% Biomass < 15% B~aro~nass 

C27-p 
Sucker {Srenctra and deseri 
Channel Catf?sk 
Largemouth B a r  
F l a ~ e a d  CatGsh 
Crappie (spp, i 
Yellow Bass 
Bullhead (spp ,) 
Srnallntoufi Bass 
Iqomi,\ f sp .] 
Wdleye 
Tilapia 
Buffdo (spp.) 
Raorback Sucksrs 
Striped Bass 

hypo.lhesis, we cornpard percent m afs in the diet (%timat& from prey remains) with nesting 
success, average young per year, and nest productivity rank among 12 breeding areas where at least six 
years of reproductive data were available. The results, similar to those of Haywood and Ohmart (1983). 
show& no signiticmt relationship between m al consnm~tion and reproductive perr'sr~nm:e 
(Spearman" Rank Correlationl. 

In ~tssessing the imp~~stancr. of mmmriis, ~ c :  must reiterate tKeir tezdencq tcr be overesrimatd iin p r q  
remains data At the srx breeding xeas %hers. we observed prel deliveries, rn als were very pljorl! 
represent&. ,4e fixre u"irhe tterritcjris, prej deliverj obszrvatiitns showed nlmrnds f~ hc over- 
represented jpa PI-2) remains, and at the six&, prz) deliveries and remains shtjwcd drn.rast equd biomass 
(5 and 4%* Itsee Section 1351, 

ID dl, 5 ~ 2  rec~rcirded only 32 mamnds m o n g  the 711 prey items \>bsen;ed deli~~ered (14.5% of hems). 
These indud& 6 rock squirrels, 4 cort6~ntaii rabbits, 3 wood rase  3 cattle tariura Items, ': deer carrrttn 
item, and 1'1 unidzntrfid ~mamalq.  At isas: 2 I of &%st; r 66% 1 were obtain& vvi&in sight of the ri% L.T 

is* Szcflori A3 41. md if H% our ~ r n p s e ~ s i ~ ~ n  Liai 5-i~ radio-tagged eagles we cre id id  did not actia el? hunt 



ds ,  hut rather tr80 i :  them oppr)mnictic&lly (oftera as carrion\ uhcn sraveling tc ipansd from ii.rr,ig~ng 
sites fcrr fish. e)h~b~ni,usl>. however, this souid not have been &c C ~ S C  3t se~me OP the sales we. did not 
study inrens~vclj. where relatively high proportions of m m m d s  were fo~nnd iw @re:, scmains (see ak>t~vei 

As Naywocrd and Ohmm (1 886) point out, the caloric content v i  m &is is highzr than & ~ t  iaf h f a ,  
so the actuaf diemy contribution of m als m terns of bioq reveaied by przg deliiery 
observations at tfie six s m d i d  sites, vvnuld be i n c r e ~ d .  Our of 301.1 Kg ot prey biomass ~)b%erved 
delivered to the ntst. 14.2 Kg (4.7%) were m als, Using caloric value instead of biornas, t f i i h  fjgure 
1s increasd to 5.2 percent, This rather low figure, at least for the six hreding areas, does not clelirly 
support Haysoocl and Ohm&'$ conclusion that *,.. manrn;llim prey is essentid to sarrsfy encrgq 
dzmmds uf bald eagles breeding in Arizona' fop, cit.. p, 40)- However. OUT state-wid? data suggest hat -  
mmmJs may he more important to bald eagies during winter and exly  spring (Table A3.1-2), than later 
in the nesting s a w n ,  Among 907 prey individuds identifid in earl) a?d late collections of prey 
remains, a greater yrciportion of mmmdrs rand birds) appeared in the early samples than those 
representing later stages of the chick cycle. Perhaps mammals help 10 fill a dietar) gap during the early 
period. though it is well to remember that h e  figures given in Tabis A3.2-2 &re likelj overestimations 
nf their azhal iiiztrtrv contribution. 

Table A3.1-2, Kumber ofiindividuds of four prey categories identified in early (March-ealy 51ap) and 
late season colfections of prey remains. Chi-Square tests compare each category with all 
other categories cornbind je.g., fish vs. non-fish, etc.). These results suggest that birds 
and malmals are taken more frequently by bald eagles in late winter md early spring 
than in final weeks of the chick cycle. 

Late 
Percent No. Percent Chi-square Andysis 

Fish 288 76.4 453 85.5 2 = 9.81, df = 1, p < 0.01 

Birds 52 13.8 48 9.0 x2 = 4.73, df -- I ,  p < 0.05 

I?iiammds 3 7 9.8 29 5,3 y" 55,8,  df = 1.. p < 0.05 

Reptiles 0 0.0 4. 0.1 - 



Like mamntlalh, birds prrtbahlj ccl.ntribut& Irswer amitunes esPtotzd bhiomdss than lnd~:aaed in prr? ramdans 
;n il0.3%,jdsee Section B58. Htsvccver, in Wln62r, birds were f a  m c ~ e  imptr:&~t than during &d 
nshing b e ; i ~ ~ m ,  partrzulari;. at breeding areas ccnnalntng rcscnitirh. T8bk X3.1-3 shclwa the overdl ratio.. 
of birds to fish in our records of c@xemdti, s u i c e ~ ~ h i  forages during wnnher a d  spring sncdnths at the six 
srmdid terrirt3rmes. ,Rmvwg 30 birds idenflfj&;i, there were 15  coot.^ X eared grebes. 2 wigecs~rns, 1 pi&- 
3illed grebe, 1 mddy duck, -! shoveler, $ g reen -~ lngd  r e d ,  arid i cacmi wren Sixteen ob tfame were 
taken aiive, fbus a carrion, twi-,  ere pirated, md eight Mere of unknciwn status. Rsrdc are the most 
highly nutritiijras of the rnaicsr prey groups (afthf7crugfi the? may :oa7r;3in conetirnlnantsr. and wou1J q y m r  
to contribute significzntly tip the u.sli-being of bald eagles during a time i\iiinierr %hen S ~ S U U ~ C C S  arc 
needed hy female eagie~ to build far sfores for egg formation md inzu'tlatiitn. It is rmiat unrcact?nable, ~ n a  
viewing Figare A3.1-3, to speduiate that tjsh are not srcrj available to bald eagles in Dc;ernher and 
Janurrsy, ;in3 that ehe eagles compensate 05 preying on birds (still numerouj In Febmxy) 

Tahle h3.3-3 Seasonal changes in thc ratios of hirds to fish obsert.e.cf taken by h d d  eaglec, during 
Deceanher ahrough May, 1987- f ?XY, 

Birds Fish % BRirds 

December 
January 
February 
March 
April 
May 

A3,2 LIFE mSTORY FACTORS MECTIIL'G RSH AVATLmILXn 

The idea that diEerences in the life history and ecology of fish can influence their \.erlnerability to a&azk 
by bald eaglm and ospreys was discussed by Swenson (19791, Todd, et aE, i1982), Hayvcooci and Ohmart 
(1986), and BioSystem (198)  ir crying to explain why bottom-feding fish ase so c o m o n  in the diets 
of these birds. Their r=oning was %hat the downward visual orientation of boEom-feders renders &em 
less ;ilea to attacks from above. In this section, use will discuss %is h~-po&esis arid other iife-history 
characteristics sf fish species in Arizona thzt may influence heir availability to eagles* Some of these 
factors relate to the foraging behavior of aht: fish&, others to spawning qcles, wit still others to human 
fd;tors. 

Some of the fish species &at h e  eagleb Fret& upon xere  adapted only to rrverine conditions, r3tllers 
resided oon4y in reservoirs, and somz specis  o z ~ u r r d  ciin boah hzbitzti ificgure A3.2-tj, Bn gesrzde 
species ?sat ocalrred cornonly in botfi rivers and rese~ia i rs  Rere taken b) eagles in bixh habib&, 
however, our recsrds show rhat in raenrjirs most fish weye t)bbained as carrion (or moribund,, while, 
iw rivers, most %ere alive uhen d ~ n  h j  h.;: eagles Figure A3 2-2 compares river verS'=rs resenre~ir 
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Figure A3.2-2. Origin of prey delivered tc! nest,$ at four b r d i n g  areas conkining river and resen70ir habitats 
(Bartlett, Blue Point, Horseshcre, and Pkal). Kot includd in this graph are &or prey species (e.g., sunfish), 
uaidentifid prey items, and i tem of 

origins of seven fish taxa recorded in nest delivery obserzatians at four breeding areas where both 
habitats were prsent .  

It is important to remember that fish cornmuniti& currently existing in central Arizona are far dit'ferent 
from those of pristine times. In Swtion El  we describe the changes that have apparently taken place in 
fish communities over the past several hundrd  yeas, md in Se~t ion E3 we review the Iife histories nf 
fish species no longer common in central Arizona that might have fed batd eagizs in ealier  periods. In 
Section A3.5 we will speculate e n  whetfier the pristine environment might have sustain4 a breeding 
population of Raid eagles. 

AU,2.1 Suckers 
Suckcrs, the onlj  haid eagle prsy fishes natEve tc Arizona. me adqxi"if eo life in r iv~~rinc  habitats. The 
eagtcs took three species, hut cnly two in significmint numbers: Sunora and desert suckers. The third 
specia, the razctrback sucker, was rrt?pfesent& bj o d j  two inifividuds dl two breeding areas iVinaI ma% 
Redmondb. Because of the slmilaity of desert ;uld Sunora suckers, we were usurilly arlt;able to 
differentiate between them in visual observations of prey dehverlw; ~ t e '  therefore grocped &ern 
"suzkzr sp.'>n cur field fi?rms, 



Oar re;;,rds \how that ~ ~ i k e r : ,  were msud8> :&en zdi4lve m d  an skallo-it watzr, In I I3 observed forage\. 
de $cast ;iBS uere  alise when t&cn, 3 were :askion, 6 were pirated. mil the stdm~85 01 10 w35 tinknown 
<If the live fish, 79 percent were taken in a ater (mainly riffles) Bess than 30 cm deep, Suckers be;amc. 
tril%neraNcl to haid eagles in two ways: while spawning and while fordging. EagXes did not appear tu 
exploit c;arrron suckers %hean thotrsancls were killed treBo~ Stswart Mountain dam during flow c a ~ s a ~ i o n ,  

Frciw~ I<<bruarx to late April, Saaanra and ciescrs: suckers spawn in shallo.x water, especialifly in %he 
npstrearn end4 of riffles {"pre-riffle&") &her? cleaner substrate an3 higtazr :ru>pen ciincenerations Fdvidr 
r.gg survival. Cotlrtship is often coraspicuous when s ~ ~ e r d l  males vigorously aftempt to iw im aiong s1Jz 
a single female, nudging her to induct: egg deposition, ;a activity that itmay draw the fish intci verj 
shailu% wdter During the release ctf gametes, the tails oa both sexes vibrate in unlsna h r  a f e i l  seconds. 
fn shallow water, vigorous spawners may produzc a "rooster tail," visible at a distance, Durixlg 
spawning, a bald eagle may approach the group undeteitd and evzn perch on an ad-jacent Gfotaidcr, and 
then pounce on a nearby sucker. 

The period vt s p a ~ a i n g ,  from Febmxj tct late April in central Arizona, is largeiy a hnction of wreana 
temperature. optimally in the range of 13-18'C. when spring water temperarures warm to these values, 
suckers spawn bcrtfi in mainstem ritazhes and on tributaries into which suckers may migrate from 
mainqtem loea~itions. An adult maje eagle we tracked in April (East Verde) took suckers both in fief- 
flowing mainstem habitats and on tributaries. sometimes traveling many kilometers to do so (see Section 
R4.41. At two other territories (Bartiett and Blue Point) on reslated river reaches, nesting bald eagles 
captilrecl suckers in downstrem areas early in the spring. but in succeding ueeks. the eagles favored 
habitats farther upstream. 

In Sections B4.1 and R4.2 we show that these shifts in foraging sites relate to changes in the distribution 
of spawning suikers, which in turn are responding to shifting zones of uarer temperature, This 
phenomenon arises from the fact &at water, released from the depths of the nearby reservoir5 in earlj 
spring, may be too cool for sucker spawning near the dam; however, it gradudly warns to a temperaare 
appropriate for sucker spau.ning some distance downstream, 4 s  spring progresses, and higher mbient  
water and air temperatures prevail, the zone of appropriate spawning temperatures moves closer to the 
dam. Several factors may modifi this paixern. For example, the more water there is in the river, the 
more slowly the w x n i n g  occurs. Also, the deeper the reservoir is, the greater the tendencj for 
stratification, and the more insulatd and cool is the hypolimnion. Hence. there may be yeas-tn-year 
ditt'eren~es in the distribution of spawning suckers in the river. 

Temperature data obtain& at sites where we ohsewed hdd eagles taking suzkers suppor~ the cun~lusion 
that most of' the suckers were captured while spawnin.  The average water temperamre at 77 qtrikz 
points for. live suckers varied irorn 10-25'C, but ~ i t l n  a mean of only I4"C, the lowest in the rangz $ ~ f  
opfina~illa fpavkning temperatures a 14-1 8' C\B, Scven tcmperaaires were ahcve 1X"C, suggesting that some 
fish were not spawning when t&eien. 

Suckers feed on invertebrates, diatoms, and ~ & e r  types of algae, and detrirn,i, and ma j  uften forage i~ 
riffles and mns uhere photosjnthfiis is highest, Sonora suzkcrs arz mairalg insectivorous, while alesen 
suckers r c i j  nlcrre on plant materid (Szhreiber x ~ d  Iiiidde> 8981). Both species scrape invertehrate,t and 
n&er materlai otf the top m d  sides of aubhle mJ boulders, pulling &zmseihes dnng with lips. 
"They are often observed wlth their heads under racks or 83 ing on their sides as the? feed, actrvitiea which 
make t2xn-a vulnerable to eagle atlack. 



A . 4 )  Ec-ur,oc;~ or: K ~ s a r ~ c ~  BALD EAC~LLS IN ~ ~ R I Z O Y . ~  

Plate A§. Sonora sucker near Stesvart Mombin Darn, 7 November 1986 (photo by D. Driscoll). 

A3.2.2 Carp 
Carp were taken on river sections a weIi as reservoirs. We observed 33 nest delivzries of carp at four 
territories containing riverine and resenloir habitats Partlett. Blue Point, Horseshoe: and Pinalj. Of 
these, 30 (91 9%) had been taken in reservoirs and three on the river. C q  were also arnong the major 
species (n = 77 individuals) deliverd at two territoriec; on the free-flowing VerJe River far from a 
rerewoir (East Verde and Ladders); carp was the most frequently taken prey species by the E a t  Verde 
pair 

In rfisemuirs, eagles utifked both live and carrion carp. The f~rrner  were maid? capmrd in shdtllow 
water near shore where they were apparently fcdifing. Carp normally forage by sucking up invertebrates 
(heir main food) off the substrate, ;\tong with plant materialif, ooze, and detritus (see Section E3'1, leaving 
cc~nspicuous trails nf muddy water in their wake. In a cove we surveyed on Sagax-0 Reservoir, we 
6~hserved no ot'aq? in ine shallows in 3far:h and April, but by late Ma> and June after vzgcyarion had 
drvelopecl there. ue saw up to 30 c u p  feeding in shai l~w warer at one time; these w7ere clearly \dnerabte 
to eagle aztack Bsee Section B4,2), 

C ' q  ma) swim ciosr to h e  surface in alpen uatar, einher as a precursor ro spawning bxvhen schools of 
c a q  may swim sloul? near rfie sur-kxe, with the dorsums of some imadividuais visible above it (Moyle 
I?-i6)j a?r t~a kcxi OD fbiiaing cargmismz t Scott anld Crossman 1933,  also this smds, 8. We obacri ed three 
cases in which eagles took what appeared to he live, healthy carp (ca. 20 ~rn) in &c opzn water of 



r~rrvcsirs. We ~ S O  c ~ ~ s c F v I = ~ B  an eagiz towing a live s q  in open water at Briui~n Rcserva~in igl Calltornia 
dR. J a c h m u a ,  notes), but did not obsewe the a,tual amck, 

In ravers, carp becamr: atrailable to eagles mainlj in the shallows o f  mm md riffla5 where phonosynthais, 
oxygen cc~nzentrations, ;and invertebrate production as: greatat: l7 of 20 fixages for live fish were BB 

water less than 35 cm deep. Most of these carp Bere probably foraging when taken, hut w e  note that 
17 water temperatures mmur& at a g i e  strike poinls for c q  averagd 18°C (zndian =: 19"Ca, a 
tzmperature suibbit: for carp spawning. In fact, all 17 of the n ~ e r t c u r d  temperatures f11 within khc range 
of carp spawning. Carp spawn in sMallctw water (tj-pically less lhm 30 cm deep:, preferring nrcas 
submergd vegetation (Moyle $9763, S p a ~ i n ~ n g  is often acaomnpanid bj ~igorous  splshing 

Carp are known to travel long distances: in doing so, they may become vulnerable tc) eagles when they 
:-sass thritugh shafiows or aggregate in dense spawning pi3pulations. A tagged carp in Missouri nas 
recover& 1,888 lim from its origind capture site [Sigler 1958). and another covered 1,629 km (Becker 
19831, Large numbers of carp may migrate out of resenroirs to spawn in rivers. Large spawning 
migrations have been observed at Rovsevelt and P l e a m t  reservoirs. In Arizona. carp reproduce over 
mmy months, from late Febmarq t c j  June or Ju14, witk peak activity at water temperabres rzlging from 
18-24°C:. 

Given all these characteristics of carp that bring &ern into shallow ~ a t e r  or near the surfdce in deep 
water, it is not surprising &at eagtes take &em so frequently. Additionaily, carp often appear aj carrion. 
Their fondness for foraging and spawning in recently-flood& areas may strand them when drying occurs, 
but we have no information on this point. They are also intentiondly killed by anglers, many of whom 
regard them as undesirable. Carp may occacionally be struck in open water by motor. boat propellers. 

A3.2.3 Catfish 
Our records show that three catfish taxa were taken by bald eagla in Arizona: channel catfish, flathead 
catfish, and bullhead (probably yellow bullhead, but we were not confident of specific identification in 
prey remains analyses). Of the three, channel catfish was the most frequently taken. In the prey remains 
data, pooled from all 23 bald eagle nesting area, channel catfish were represented hp both the greatest 
numbers (32.4%) and biomass (24.7%) of all prey. Flabwd catfish contributej 7.5 percent, and 
bullhead 0.3 percent of total biomass. In terms of biomas contribution per nest. catfish spp. r d d  third 
after carp and suckers in the number of nests to which they contributd more than 15 percent of prey 
remains biomass (Table A3.1-1). To some extent, as we have said, the high representation of catfish in 
prey remains was an artifact of the tendency of their hody parts to endure longer in nests than sofier- 
boned species. Nevertheless.. catfish, and particuiarly channel catfish, must he regard& among the 
principal prey of bald eagles in Arizona as well as many other arms. 

Excluding pirades. we ohservd nesting bald eagles tairing charnel zaefish on 51 occasions: 38 on 
rservoirs and 12 on ricers. Of the resenair forages, 5 fish were dive %hen taken, 21 were carrion, 
and 12 were of u h o w n  status, Of fhe river fordges, 8 channel catfnsh were al,aive, 3 were zarrion, and 
2  ere of untrnow n status. 

We noted &at "bloorns'\ctf cxrton channel cattjsh (ca. 28 cm Tt) appear& iin late spring st two 
reszmoks morseshoe and Rooseveltj, but we do not huwi  xhe reason or whether it was a normal 
occurrence. Causes of carfish die-offs have been attribued ekewhere to viral diseases. low oxygen 
c~~n:enerasil~n, and toxins from ingested blue-green idgat: or ciinijflageIates (A.  Mii~hell,  Arkansa Game 



md Fish Depaflmenb, pers. co~ara.~(szt. Set-selon B4.6, $%"c rneasarrix3 elisso19a.d B P X ~ ~ Z ~  81 Roc&ea7ei;t 
Resekao~r during the ""carrion catfish hlo~-.m," but found ~aoranal Ir~eis  Another possibility is than, 
because 213-cm-la,ng channel are undergoi~g a srsod a162he trmsrrion frum bi3nona-living 
invertebratcq to piscivoq (Czlander 1969'1, they ma) experience a poptriabion bottleneck as a result crf 
being margintadly adapt& to both wiches; i.e., t h q  ma j  be too small to prey eftitctavel.y csn $221 md laa~ 
large to be s u s ~ i n d  solei) by invertebrata. However, many tlsh species undergo such a niche trmsitnon 
without t-totslznccking (to our h i t w i d g e ) .  Exlier in the spring, we found large carrion dl:trhad 
ca~t?sh at Rcaoosevelt. We believe mmy id these %ere angler-inducixf mortalitis: seme s f  these ie f i  on 
land were filleted remains. These were often later scavenged by rwens and bdd eagleh. 

Fawr of the five chan~acf. caf~sh judged to he a l i ~ e  &hen raken in rc9crv4>1r\ were obtained h: the sagies 
in warer more than 200 ;m deep, and we have no idea wh? t h a 6  fish v~ouid have been near the surface. 
Van Daele mind V m  inaele (1982) indicatej &at nating ospreys in Idaho caught bullhzad (another specks 
of Icr~Eums) when the latter "rested near the surface crf &e resenolr on warm days.- We occast~~nalij 
saw chamel cattlsh s w i m i n g  near the suda;e in riverine pools in the Verde River IE. Bia~chl ,  riots). 
It is also conzeivabfe that kame of channe'; catfish judged alive when sakcn In deep n ater u err actually 
i~~jured or moribund, 

The profile of habitat conditioa~q at eagle strikz points f ~ r  live c h m ~ c l  catfish in rivers waq different from 
those noted far other speeia, but the sample (only 8 fc>rages) was small. Eaglcs took five of d~ile fish 
from pocket water. three from runs, and none from riffles. Six deptP measurements rang& from 14 t s  
85 cm, with a m m  of 58 crn ISD +!- 28.1 ax). These depths s e r e  great, compared with the m a n  
for suckers of 22.4 cm (range = 4-80 cm, SD + I -  16.5 cm, n = GO) and for carp of 31,1 cm (range 
8-100 cm, SD +i -  16.5 cmi, 

We found little in the behavior and life history of catfish to suggest why live ones become available to 
eagles as prey. Unlike carp and suckers, they are nocturnal and do not spawn in shallow water (see 
accounb in Section E3 of protract& cat5sh spawning in cave-like environmen&f. To what extent they 
forage in shallows or otherwise approach the surface is unknown to us. We examined a pocket water 
foraging sire (where an eagle had c t e n  channel cafish) m d  were able to closely approach two catfish 
(approximately 35 crn TL) which remain& for some time in fairly shallow water, with their heads under 
boulders hut their bodies in view (see SectiQn B4.31, ?-he fish may have been foraging for crayfish. 

lr3.2.4 Perci forms 
Twelve of the 20 fish species identifid in our prey records were perciferms (bass, crappie, sunfish), 
The eagles took them maidy as isa~rion in reservoirs. They also took them occasionally in river sections, 
although, in fhc lager a \ e ,  we are less certain as to their satus when taken. During prej  deliver? 
ubsemat~ons at four t?re&ing area coataining reservoirs (Barxlett, Saguaro. Horseshoe, and Roosevelt3, 
we counted 61 black b a s  (36.9% of aI1 percifo'orm - almost dill were largemouth), 51 crappie i30.5%1, 
41 yellcsu bass 623,6R), and 14 others !main/!. sunfish) Intzrzsringl y, \shile largeanoutfr baas u;.curred 
in all four of these raervoirs. yellos bass existed r m % >  in Sagqrtro R e s z ~ o i r ,  and crappie ~ ~ i u s r t d  onl j  
in the other three, giving the impraqion &at yellow b a s  2nd crapgia: compete for the same rcsornrcs. 

Dif't'erenz~5 in ecology iniluencd the extent to which ea:h perciiorrn specis  b e c m e  available to eagles. 
The most n~meroas  perciform species In the reservoirs ~ e r c "  not ne~esar i ly  those takeha in the reatzst  
numbers. For exmple,  bluegill gratly outnumber& other pzrciiorm species in the resewuirs, 2nd 
)er only "a trace" a p p a d  ii.a prey rzmdins imd few Bere deliversd. T t e  blenegsl%'s smdl  size rnq have 



resulted 111 its complete consurnpticm by %hc. adult eagles before reburning ro the nest, We elbrcn-ed bald 
edgles similarly consuming tule perch in our Pit Rsves sadies in Caiifmnia {BioSys%eana ]<it35 i 

Of 76 dead or moribund perciform found in cxricln susvzys on Hursfihoe, Bmletp, Saguaro. and 
Ra)rasevelt resenioirs. there were 29 y e l l o ~  bass, 15 izgerwoub bas .  13 black crappie, 8 hluegilis, 4 
smaflmtruth bass, 4 green sunfish, and 3 walleye. 

%*e often judged whe&er or not an. eagle took a fish dive or as carrion by ohsewing it in the nest after 
delivery to the young. Live fish wouid often exhibit brighter colors and muscle contraction, while dead 
ones would a p p a  Lackiuster and stiff. Al&ough many pucit'orms were judged in this way to have been 
alnve when taken, they had heen tloating spent and moribund at rfme water's sud8ce aq a rcsulr of 
spawning stress. Bas& on our field experience, we doubt that my yellow bass or crappie in our samples 
were &en as live, healthy fish {see Section A3,z.S). 

In observations of 11 successhl forages on iiargemouih b a s  on Arkona rzservoirs, two were judgd  to 
be dive when taken, five were carion, two were pirat&* and two were of unknown status. Both "live" 
fish Here taken in deep water, one in a cove (away from shore), and the other in open Rater. In Ooita 
cases, the eagle made low circles hefore taking the fish, suggest& that they were in~apacitatd.  From 
this, and from our general observations, we believe that most or all reservoir forages for largemouth bass 
were for cxrion (or moribund) fish. 

In our studies of bald eagles in Arizona and California (ElioSystems 19853, we did not observe moribund 
largemouth bass exhibiting post-spawning stress at the water's surface. Although these fish were fairly 
c o m o n  in Britton Reservoir in California, none were found in extensive carrion surveys, whereas dead 
and moribund black crappie and tule perch were Erequent, Some of the carrion Largemouth bass we 
observed on reservoirs in Arizona had been hooked and lost by anglers, but others (we speculate). with 
undetected mortal injuries. had probably been intentionally releasd. 

A3.2.5 Why Certain Perciforms Die From Spawing Stres 
We were curious about why yellow bays and black crappie both became available a c m i o n  to eagles as 
a result of post-spawning m o r t a l i ~ ,  while other perciforms, such as Irugemoufi bass, did not. The 
r m o n  why yellow bass and black crappie, both prdatory species. tend to die from spawning stress 
relates to their adaptpltation to open water h a b i ~ t s .  During most of the year, they school within the pelagic 
zone (water colum),  and heause  this enviroment is without structurd heterogeneity, individuals of all 
age clases must compete diratly for food rather than for the space that holds it. Their main life-history 
strategy is simple: it is to obtiljn enough food to reproduce. In a growing population. density-dependent 
competition for food impactf; negatively upon their ability to m a s s  resources for grow-&, bodil) 
maintenmce. and reproduction. Like salmon, which also inhabit undifferentiatd hahitab ioceans). 
naturd selectinn has favored high physiological w m i t m e n t  to one season of reproducsion, at the 
conclusic~n of  which, they map die for lack of bodil? r s o u r c s ~  We do not know what proportion of 
yellow bass and htaek crappie populations suwive after spawning, but J .  Warnecke CAGF, pers. comml 
n ~ t e d  that black crappie m Arizona rarely five more than four years, and &at spring die-oes of 34-year- 
old crappie are quite c o r n o n  on the resen$oirs. 

h contrBist, perc ibms that do not live in open water enviroments (e.g., lxgemouth bass, sunGshi, but 
instmd forage in the shaiIows near shore. do not exfiibit post-spawning die-oft"~. In these more 
digerex~tiatd habitats, fish cctmgetz for space lind tht: food it conealns. The more structurd tlheterogeneit) 



&.sere is in  encse envsruments,  the greater &%ae likelih;,cd &.sat flaese fish can cfd~;?ei;~ely defe~ad fc'rriior,ec. 
E V ~ W  ~l thoua  t e ~ . n $ i m a l ~ ~ j ,  prej acqaansttlan in semcmred habihats requires greater searching lime and 
iiB~esc are naore: havens and %cape rctuees available to their pse). The rcsiiTt is ha t  fish living in thest" 

environmens probah1y rend rcj live off &e "intermt," rathcr ban h e  "capird" cf diverse focd suppli2.s 
f E r r i n g ~ ~ , ~  1943j, a hctaar whiih acts to dampen the osiilitrtii~n~ of thax populations. Species 
inkahiring hetercrgenmus envirunmen~ therefore have a more mnservasivr szprodmctive strategy than 
species irafiabiting open water. Ra&er tktm "going for hntke,' t a r g e m o u ~  b a s  may budgzt their 
reproducrave efflofi in order to survive in krure years, By investing rsnurces in size increase, rather than 
in r::produ;tive output, the opp.rrtunit4 is in:rea& ofobaining and holding a territory, and of ev6ntuall-j 
producing and nurturing, over their lifetimes, larger numbers of higher-yudit) ga~netcs. If i s  no wonder 
that slxe variation is i t )  n-snuih greater &mi-rng liEora$ ~pecieh tt~aaa pelagic cine5 

1%3.,2,6 Surnnltarj of Fucters Influwcing Esh AvaElat~ilEty 
1s is clear froar, tfiebe discussions thar the various fish in rhe diet3 of bald eagles become available in 
different wais and at different times iTablir A3.2-1). Live flsh become cvl~rerabie to attack when t!ey 
enter shdlow water or swim the surPxe, The mo<t vulnerable species In shallow water are the 
bottom-feders, i .e., suckers, carp, md catfish, because of their  down^ ard visuai orientation. Spzcles 
thar spawn in shdlou water such as t q  and suckers are speciaffq wlnerabie. Suckers often spawn in 
riffles? the shdlowes: of the riverine. habitats, and may be consistentl! exposed to attack at this stage of 
the life c5cie. 

The fact &at suckers spawn e;lrly and carp spa\nn Iater in the ezgles' breeding serrson in response to 
changes in water temperature may be of considerable advantage to nesting pairs c~tf eagles. Both fish 
tend to breed in shallow water, and when both species are common, the result may be a prolonged 
availability of food for eagles. This phenomenon of two or more fish species contributing significmtI! 
at different times during the nesting season, was frequently encountered in our studies of prey deliveris 
at the six intensively-studied territories. Morwver. none of the larger smple  of 23 pairs specialized 
entirely on one species, but rather exhibited considerable diversity in prey selection where sample sizes 
were suRcient to show it Figure A3,1-4). 

Edwards (1988) also document& seasonal shifts in prey utilization by ospreys in Florida. When sunfish 
(Lepomis spp,) were abundant in spring and s u m e r ,  the ospreys capiptured them preferentidly in the 
liMoral zone, but shift& to l imet ic  shad ( D o r o s ~ m  spp,) during fall and winter when sunfish availability 
d=lined. Shad abundance was constant throughout the year, fmieson er izl. (1982) describwi a similar 
prey shift by ospreys in Nova Scotia where they captured spawni~~g herring (Alosa spp.) md suckers in 
the a r I y  ncsting season md switch4 to estuarine winter flounder when spawning of tbe former declined* 

Irn Arizona, carp stnd possibly catfish sometima swim near rhe suafiice, even in open water. During 
courtship, carp may aggregate n e a  the water's surface, and at other times carp may rake algae and other 
fluating mateaid off the sudace. There are repom of catfish basking n e x  the surface. but whether is? 

not channel catfish dc so is unkrae~wn to us. 

Live fish, especiJ1y suckers and cap, are also taken while they forage in shaflow water. The] x e  
amacrd  there by the greater demit is  of plan& ;and invertebrats {see Section $23.3,. We have oni: a 
small mount  ot data which suggess that foraging catllsta become available 60 eagles. S i n x  channel 
catfish are a mqor preq of bald ugles in ,4rizona, we rzpxd t41as data gap as a significent defic~ert:> in 
thz  ~veral! resulb (of irtmr w ~ k *  





23, fetndenzy of f r ~ h  x i3  beci9ks-n~ accsisihle to cdgles as carion simiiariy ilepends urn ecola)gicd and Irfe 
hisaoq facttars. Die-offs a a resa8r 638' bpayrl;i~ly stre% affect yelli~w bdss md crappie, ~ C L &  $$f which 
iomntritaute significantly to eagle. diet3 ;~t rescwoirs where & a e  fish arc ci_bmrnow. ,4ngBer-lr~di:cd 
mcsrtaliieies, ba?& in tcnt ic~~d and inadvertent, rndy &so foml a signifjianrl fond ~ ~ ~ i ~ ~ r c e ,  though the !d%b"r 
cxr j  a risk to the eagle if Bwks and mc,nofilment are stiil attach&. 

Ir is importmt to ca3nhider &an the probahilie of a pmicu lz  Esh beccsnsing availahhe to eagles a can i~ \n  
may be extreme[? leaw, hut among large reservoir populations and those just upstream, &ere is m elemerat 
B I ~  statistical aecma]. Even a few items appeasing m:h Jay ma: hiancrron td senstain m edg'6e" Family. 
C'u_rgion itean,r tend to be highly cnnspicetous when floating dead or incxpaiiQtek1 on the surhce of a 
resen-air; eagla commonly detect such items fr;m far away. 

S a t i n g  bald eagle& 113 cenrral Arizona forage IB free-i7i)wh*ing and regu1atd rivers, resertc$irs, small 
tributary streams, and on land. Most, if not all pairs, exploit more &m one oftficse environmens dur~ng 
the nesting s a w n .  Platicity in gross habitat selection. and tfie ability to exploit many different kinds 
of prey, have enabfd eagles to find food despite wide vxiation in s t r e m  flows and reservoir elevations 
associated -with Arizona's uncertain rainfall patterns. EagI~s  cornmod) switch forage lozations and or 
prey species in response to changes in the distribution of prey and carrion. For exmple,  the adult male 
ar one territory (Blue Point) took maidy waterfowl on che reservoir in winter. spawning Iive suckers in 
regulated riverine habitat in March and April. carrion yellow bass born post-spawn die-offs on the 
reservoir in late April m d  early May, then suckers again on the river in May, and carp on the reservoir 
in early June. At another breeding area East  Verde), during a period of high turbidity in the mainstern, 
the male routinely traveled 10-16 airline km to forage in the clear waters of a tributary. 

A13.3.1 b g l e  Use of Reservoir IEIabEtat 
Estimating the signiticmce of reservoirs as foraging habitat was a main requirement of our efforts to 
understand the positive and negative effects of water projecLq on nesting 'odd eagles in Arkona. In this 
section, we will s u m a r i z e  our Imowldge of reservoir use by the eagles we studied with telemetry. 

Prior to this century, there were apparently only three natural lakes in central Arizona (Norman, Pecks, 
and Stonenan). In the eariy part of &is cenhq- . ,  the appearance of Iacustrine habitats associated with 
Lbe building of the reservoirs ir: centraf. Arizona was isudder,, as were the gross alterations of fish 
cornunities with the iatsoductiorx of many exotic species. Riverine en~ironnlents ,sere chmgd 
downstream from the rservoirs by flow reslat ion and sediment filtration, md upstream by migrations 
cf fish populations such as cwp and catfish out of the reservoirs. 

In other regioaa, d m  e:>nstructiore md water impnerndmena have depleted habitar for bald eagles 
wintering or nesting along &ee-t-Bovaing rlvers bq removing perch and nest siseq, lnundliling riverane 
&,raging areas and grave1 bius that accumulate carrion, and eliminating spawning fish runs (Craighead 
mci Craighead 1979, Hunt and Johnson 1981, Barber el d. 3 9831, In our st;ud> 05 E intcring hdd  eagles 
on the Skagie River in nor2hwstem Vi'ahlngnn, we pr&i:t& <?at cconntmctiun of a dm wnulJ inunddte 
50 Ixge dzciduous perching trees and 20 gravel b x s  (which a~cunilfate posb-spawn salmon carcasses,, 
and eBnminata about 16 km of chun: and coho sdmos spawning habizat {Htlflt P,P $980, Hunt and 



Plate A6. PInal femde ( M O 1 )  flying low over Roosevelt Reservoir, 13 Dsember 1986 @ h o t ~  by D. Driscoll). 

Johnson 1981). Our carcass drift study determind that fewer salmon carcasbes ~rould  be available 
downstrem as a result of the lost salmon spawning habitat. The proposed impoundment would have 
displaced approximately 40 bald eagles, and an additional I I eagles downstream, due to depleted food 
resources, Because we determined &at the Skagit River was at carrying capacity for wintering bdd  
eagles based on ssurveqs of eagle nurnbers and available food and energy requirements, these eagles would 
have been displazd from rhs river and forced to find suitable resources elsewhere (Hunt et aI. 1992a). 

Tn another study, predicted effects of d m  cunstruction along the Churdhill River, Saskatihesan, ix~cludd 
thi= loss of 30 breeding pairs of bald eagles by the floodirlg of nest sites and riverine foraging areas 
(Barber er al. 19833. Rle ChurchiI1 Rlver eagles foraged exclusivel;, in rapids and rif?les on  %pawning 
ijsh during early spring prior to ice brcak-up. Bxbes ar a:, round that nc?sts were ". . . significmtlj closer 
3 rapids than expecrd by chance.'' Shapin~ rr ul. (19821 reported that flood control meaqures in Florida, 
including zhanntt.iizatinn and Mater control stmitimrcs. rsulte.cZ in the dzgrtictation of fish and ~ a t e r f ~ ~ 1  
iaabitau in a complex system of lakes, :reeks. mar\hes. and sloughs. These rneasur+es nu! bait:  pea^ 

responsible for a 74 percent decrcasc in &e nrumhzr of active h i d  eaglc i e r r i to r~~s  fo8in~nng 
imylementdtk~n. 

Beraeficial aspects a?B resenom and dams for bald eagles h a e  aiso hcen repi~ried. inincludlng k reased  
toraging ogpumnities ~ssociated with turbix-killed fish and fish stranded b l  flucnnating regulated river 
md resensir 1;1-$eis (Lish 1975, Steenhficri i376, SaimyC and CrAghton 14'7, Cr~ighead and Cra~gheaJ 
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focnd h i t  wintefx f i ~ h  kills causd by frtwing ueather. 1 0 ~ .  dissollred oxygen. and shd:iivcnzsq ot 
reservoirs due to ~if tat tc:~~ prrwided food f o ~  wintering h d d  eagles during =, Fzhruarq tham. Small 
reservoirs along 96a;lres rrf the rtguiaecd Pit Riier acted as laage pawis pro%iding cox t r  a_nd increasing 
carrying CdpZiltj for certain f i s h  species (BiaSystenas 1985r 

The constmction of resemoirs has greatij iahfl~aesrcd the distsibtltion cif wrnrering rema breeding bald 
eagles (SteeAr3f 1978, Detrich 1985, Lish md Sheprod 3985). Nineteera percent nf the mainland 
California nest records tor 1901)-19W were located n z z  rrzsesluirs metrich rip. c-~r , ) .  131; the fate 1970s 
1-ehmam (19791 fr~und that apprrtxirnately 70 percent cf Cdift~rrria bdd eagle nests were I ~ c a r ~ d  nnenr 
reservoirs, During our studies in nnrrhern Cdifosniz, all fourteen baid eagle pairs dong the Pit Ktver 
drainags nested Dear reservoirs. al&ough several foraged in r e ~ a l a t d  river sections located nearby 
miosysrzms 19851. Greater use of natural lakes !53%1 than re~ervoirs hj  hreding Rdld eagles wds 
rep(:po&d for Oregon jAnthr\ny and lsaacs 1080); hnwever, 20 percent oh the eagles in their sampli: rlestzd 
on reservoirs, In Calif(~mia, Detrizf-r (19853 ciilculated (fro= Derrizh B98l j that over f f i  perm& of' 
uintering bald eagle use c~utsiilct tke Kla~nath Basin Bas aso:la:& wit!: re>a-voin. 

Detrich (19771 noted that the drought-induced low reservoir ievels at Shasta Reservoir, Gdit'ornia. had 
some positive effects for bald eagles by con~entrating the fishery, probably incseaing fish mortality, and 
creating shdlovr- delta areas at tributary inflows, Fish making spawning runs into tributaries were 
accessible to eagles when crossing these shallow deltas. In Idaho, osprey productivity wa5 highest during 
the year of lowest reservoir levels; the male osprey speni more time foraging and delivered less fish 
during high water years @an Daeie and Van Daelt: 19821, Lower-than-normal water levels at Kansas 
raervoirs may have been responsible for declines observed in wintering eagle use because of earlier 
winter freezing (Fisher and Hartman 1983). Large resenroirs attracted more wintering eagles than small 
ones in Kansas and Nebraska possibly because of the greater numbers of watcrfotvl present. 

Construction of new reservoirs attracts and concentrates human activity (Fisher and Hartman 1983). 
Fluctuating reservoir levels also influence numbers and patterns of rezreational use. Whilt: creating a 
buffer zone hetween resenioir waters and shoreline nests, the additional width of the shoreline during tow 
water allowed vehicle access to some bdd eagle nests that were previously inaccessible (Detrich 19771. 
See Detrich (1989) for additional information on how water prc?jeccr, affect bdd eagles and other raptors. 

Ohmart and Sell (1970) suggestzrl that by rducing rurbidiry and stabilizing river flows. reservoir 
inlpoundments in Arizona increaszcf foraging opportunities for bald eagles and stabilk%$ the tishert,. 
Iiowever, d ~ e y  also warned (1980) that reservoir inundation of riverin:: and riparian habitat eliminate bdld 
eagle nesting sites and passiblj impact foraging opportunities along rivers, 

Most of thib~t: rvhn studied baid eagieb previuusll; in Arizoara he1iri.A &at the reservoirs Serz relatively 
uninapnremt as foraging habitat. Rlahirit; and Fzodhcsmly (14?761 specul&zd rhar, "Large reservoirs ma: 
be uns~ritable as foraying hihirat, Several reasons are prrssible: inad~quare perches mi4 shalioln Mister 
a r e a ,  the absen~e of fish near the s u r l a ~ e ,  turbiditj of the water or human dishrrb~mce by boating.' 

Similafly,. Hildebrandt md Ohmxi% r 1978) commented &atQ "Tke lack of observed use of rd,cenoirs by 
Arkona9s Bdd Eagles stlggt3sB little or no benefit from n c ~ I 1  constructed impoundmen&. dhough  &ic 
p in? :  n e d ~  f u d 1 ~  stud) 



In a more cc.tmprehensive investigdtitan, Gmbb (1986a) noted &az of $1 s b s e n i d  foragt: evens t,artccesshti 
md ~elmuzcc\sful), only 4 percent occurrd in ssservolrs w h i k  d ~ c  sala-ionty occurred oisn rivers (72 % a mJ 
upland ripsian areas (89% $. By comparing observed river versus r e ~ e ~ o i r  use 31 sites with ho& hab~tana 
available, Gmhb Qop. tit. 1 =timated the following percent utilization: Horseshoe driver 5 8 % -  cservoir 
25% 1, Barrlett (9692, O%"c) Blue Point 158R, 5%], I1inaB Territory (NR,  Q%), and PHasant (0% . 50%). 
F'rurn these observations, Gmbb j1986a) xgu& that at.., b e r e  Is a definitive ;:tendency tovjard river 
f~iktraging versus lake foraging at those sites with boih habieats present.'" 

Ad%ough these studies reported relatively little or (or no) o b s e n d  use of reservoirs, the key word in 
each of the data sets is observt>d. As we f ed in our telemetrj smdies detailed in Part R of: this repon, 
rlesting adult eagles may travef quite h r  to forage. Morajver, their routes to md from foraging a r e a  
are not always direct hecause they often detour to exploit thermai and terrain updrafis, Tn each of the 
prwiaus studies, the resachers  noted &at the eagles often left their field of view mlt return& with prey 
(see Section D4). 6 u r  data suggests that many of those prey iterns brought from unkntrtvn loca~itans came 
from reservoirs. 

Tahls A3.3-1 shims the results ~ c ? f  our radio-tracking studies at breeding areas containing both riverine 
and reservoir habitat. In every case  her:: broods were present, resemoir visits accountd for over 50 
percent of movement to perching and foraging locations. Sore in the table bow the Pina! female 
frequented the raervoir (7 km from her nest) in 1987 when a brood was present but restricted her visits 
the following pear .ahen the nest failed. However, her home range truncation also resulted from the 
appearance of a rival female pinto) in 1988 who attempted to nest in the area of the reservoir that ,4F01 
had favored most during the previous year (the inflow area of the reservoir, see Sections ,43.3 and R3.6). 
Another male (Cliw, whose nest failed in the year we studid it, was not known to visit the reservoir. 
However. crappie bones in ncst remains kom the year before implied reservoir use when young were 
present. 

Not only d ~ d  the nesting bald ag les  frequently perch at the resen~oirs, they foraged on &em extensively, 
Of 841 forage attempts rewrded at the seven studied territories, 435 (51.7 percent) occurrd  on rivers, 
md  406 (48.3 percent) on re~ervoirs (see Section B4). These data include forages from tuTo territories 
('East Verde and Ladders) that were not close to reservoirs. However, we note that foraging eagles are 
easier to view over long d i s tmcs  on reservoirs than in rnore enclosed riverine environments. 

Prey deliveq data provids a clearer estimate of the importance of resen~oirs to the diet of the eagles we 
studied. A ct-rmparison uf river and reservoir forages by eagles in terriwries where reservoirs O C C U E ~  

within their home smge is prwentd  in Table A3.3-2. Eagles foraging in reservoirs at these breeding 
account& for between 32 percent and 96 percent of prey delivered to the nest and hetween 28 

percent and 97 percent of Biornzs delivered. Interacingly, the data suggest that eagles on the Salt and 
Verde rivers may forage rnore in u p s t r m  reservoirs (Roosevelt md  Horseshoe) thm iin terminal 
reservoirs ( S a ~ a r o  miI Bartlett'), The Horseshoe nest was situated at the reservoir inflow, so it is no 
surprise ahat the reservoir contrihutd significantly to the diet. However, the Pinal Rest was 7 km disranb 
from the reservoir, and yet the majority of delivered items were from the reservoir. CIearlp, however, 
the contribution of reservoir habitats to prey resources at d l  four territories was subseantia!, 

All pfl-tio= of resenwJrs were h i ~ h l y  productive of h J d  eagle food, most af it carrion fish. When post- 
spawn carrion yellow bass and crappie a p p a r d ,  they were distributd tfiroughout the b ~ d y  of the 
reservoir, dLhough there were aseas nf con cent ratio^ ichannels, coves, mind shores) that ma: have heen 



'Takli: A3 3-1, S a " i c l ~ a t ~ ~ 3 ~ ~  a>j rddial tagged bald eagdes tta~ rt:semoirs aicfsus river> at ~errstorim uhcre  
reservoir\ clccurreci uiahiss the home range of nesting pairk, 

Asrline 
Distance 

from Nest 
Rreadirng Re.;ervcria River to Reservoir Brood 
"Are& Bird Szx i? 1 ( & a  {Km] '85:zscnt 

Blue Pcirat 

Ra~re t t "  

Horseshoe' 

Mcirwshoe3 

Pinal' 

Pinal 

Pinto 

Cliff 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

2.5% of AF02"s nvei vls~tatlons uere to the area downstream of Horsshcx: Dam. 
4 ~ 6 %  of AFOX's btal welghtd vlsltatlon points m 1988 %*ere to unknown areas downstream of the nest. 
Vislts to the nest v ~ a m t y  were weighted aceordmg to the rate of fomgmg that occurred there (see Sect~on B2). 

associated ~ i t h  drift or an unknown distribution of spawning habitar. At feasr 92 of 144 fish taken by 
the eagles %ere carrion, and we believe that relativelr. f e ~  of the remainder were nc~maal. heaIrhy fish 
when taken, III these sampies, juJgemer,t of live status was ustlalilly made on the Dais of the o b ~ c s z d  
condition of an item when delivered t m  the nest. Many of the items judgd to be dive when delivered 
were acbally moribund when taken. We observed these moribund fish Roatirag near the reszmoir 
surface, especlaily crappie and yellow b a s  %hi& were dyifig from spawning stress, 

We fourad carrion fish ie.g., cartlsk) around unregulatd inflow area,  and much of the eag1c.s" ii~raging 
activities t ~ o k  plaze in the upstream ends ot resewa-oirs (inflow areas\ within a fe.n km of the rnouxh of 
the river. Tn Horseshoe Re\eni~ir  (10 rnver K m  long], perching and hsagiwg i ~ a  &e inflow area 





:i-smprised 62 percent ~1 we~gt"sti"fiikqel"ioir visitatlims b> the md: eaglc and 72 pcrce,.na$ by rfir female 
Sectiom .43.4 m d  B2 tcsr ~~xpbm~tiitm aif asrcightcd r-lsitasainm~ siorer;i These. f~gknrea ;awe nor 

suqrising because the fitlrseshoe nest was in the inditw area: however, pse w k g h t d  h e  vlsittrxion scorer 
aczr~rding LO t%ne amt,unr of forzging activity that oc;usrd $in d18-ie ne%: area trsee Sections h32, B4.5, and 
$381, S~mjiarly. in Rooset elt Reservoir, 82 perccnt elf the vislihations tu h e  reservoir by the $"in4 fern:& 
were tc. the inflaw arm. The Blue Point male did not show a, strang m a%%lnity to the aiteiaI inf:o-as of 
Sagusra Resemi-jir 89 Rm long); 4.0 percent of v~sibtiilns Bere $0 the upstream pcsrtion of the reservoir 
Only 5 percent ~ a f  resenoir visitations b> the male eagle wzre to the actual infloes of B;mlea Reservctir 
115 Km long;.; however, h e  r zpeard l~  tisxted m axarea a few, km downstream o f  the ~raflow which he hsiH 
to travel 9 airline km frciarm the nest, 

Carrion and live fish ma) be 11101e available to eagles in inllow a rea  thm in orhsr portions of B'ne 
resemcsir for three reasons: (11 dying fish pass downstream into rmervoir ~ n t l o u s  whkh ace as car& 
basins for carrion prodrrced in %the river (see BioSystems 1985): 12: Since reservoir inflows fed hy tree- 
flc~wing river reaches typicali) contain rage  areas of shajlow water produced bbq the deposition of 
suspended materid frktm thr. rip-cr, l f ie  inflows are among the few reservcir arc% where hortom-rlvkelling 
fish can be taken; and.. ( 3 )  Large numbers of :q and cdtfish m u d l y  rnlgrare frtlna Ariz~lna resewoirs 
Into rlvers to spawn in spring, passing through the shdlow i n f l o ~  areas and the riverine shallows above 
them, Thus, inflow areas may act as funnels which direct migrating fish into shallow water. 

Eagle foraging w a  more concentrated in inflo\\ areas of resenuirs fed h) free-flowing rivers (Lee, 
Horseshoe and Roosevelt reservoirs) Shan in rsewoirs  fed by replat& rivers fi.e., S a p a r o  mind Bartlett 
reservoirs), The reason is probably that Iess carrion is produced in rhe relatively short r e ~ l a r d  river 
sections above the inflows. In addition. the inflows of reservoirs fed by remlated rivers do nor develop 
extensive shallows like those fsd by free-flowing rivers; there is less suspend& materid in regulated 
reaches due to the filtering action of upstream reservoirs. 

Most fish we observed taken from b5e reservoirs were captured in deep water over 200 crn (Fig. A3.3-I j. 
(Eagles c m o t  reach prey at a depth greater than approximately 0.6 m; forages in deeper water are likely 
to be for prey floating on or s w i m i n g  near the surface.) The depth profile is very similar for both 
"liver and carrion fish, &though &e carrion fish show a peak of o2currence in shallow water because 
they are ofien wind-blown to shore. 

Raervoir fish ma! bezome available to eagles as carrion due to post-spawning die-offs and hurndn-causd 
monalit: such as prop strikcs (or other znllisia3nc with boats, as well as direct and delay& mrtlonaliiity from 
angling, Human-caused m o d i t ?  cm result in carrion fish appearing mywhere on a resenlair, obscuring 
n a a r d  ppaerns of carrion distribution. F i y r e  $13.3-2 sumarize\  our howledge of the way5 in whish 
i.xaI.ious prey spl=ci&\ tgnd tcr become available to foraging eagta in resenoir habitats, 

A7,3.2 Qple bke of Riverine XLabitat 
Despitcr considerabIe atrention paid bald eagle food and foraging habits, thest: is little information on 
~pecific foraging habitat for sagtes na t ing  on rivers. Recent literattclre reviews ;Ire available in S t a i m ~ t e r  
(1987) and Pdmer (19881: however, foraging habitat descriptions are given ordy in vague rermb 
Stalma9tster i'a987) dlscribes a foraging area B "'Shc most essential compilnent of habitat ~ised hy b&d 
eaglw" hut provida little descriprion except ro saa that it must inziube large open areas where prey cm 
he &ill& luld eaten. We h o w  of  only ewct studies exmining foraging m~crahahitdt: our exlizr stud) cln 



the E'is River in nortAern California (BiuSystem 1985) md the Xrkona saJy  bg Haywood and Clhmafl 
(19XGj. Both 1nvestigatic2ns suggest tfia"caagle $>ragir,g is ~ r r a n g l > ~  tied f(,a s p e ~ i f i ~  riverme habitats, 

In our Pit River study, we found that eagles forapd primarily in poojs md visited them mure frequently 
&m expecced on the basis of their abundance relative to other habitats. There was a stmng positive 
co~elati!:n between site selwtion md the percent of pool area ch'naracterizd as ""sa!low with nts surface 
mrbulence." Fish apparentl! became vu!nerable to eagles whcn the) moved from the deeper pool a r e a  
to rhe shaflow areas at the tails of pools (BioSystems 1985) In ct~rwpujng our resufb np, h e  1% Rl\;er 
with those obtain& in Arizona, we note that hydrolog) of the relatively steep Pit River d i e m  sn;isk&r4l? 
&om that of the Salt and Verde rivers. where riffles were tjyicdly precedd by runs sather than pgoois, 

Hayw-ood and Ohmart (1986) investigatd river profile characteristics at 22 obsrrcwi fbrage iocatiom ~n 
the Salt and Verde rivers of Arirana. They noted that forages iornmonly occurred in shailows adjacenr 
to deep pools. the latter being deep enough to provide habitat for przy species. The shd10w areas (runs 
md riffles) provided forage area5 for bottom-feeding fish and in~reased their mlnerabiiity to eagles hy 
bringing them closer to the slrrfaze [see Todd, et tr2. 1982). In 127 preq Lapturss jIisted by Waywood and 
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F~gure A3.3-1. Depth proiixr. for reservoir foragas. n r  data ~nciu$e ail fish W ~ P I C ~ :  :mid be 3tfIdent151sd as lnie 04- 
~ B r n D & E .  





Ohmart i ~ s  ~ ~ h i c f r  r i ~ e r  habitat was identifizld, (0,". sds., p, a), 66 (52 R ,l were in deep pc%csLs, 30 24%; 
in deep pwiiriff-1s hahit&.. 1'8 (15%: in r i f f l a?  mght (5% 7, at shallow sandbars, 3 r d  4 $35)  2in cather 
shdlows and b;i;kwaters In regard to pool rise by eagles- %hey slated (p. 46; that: 

W?sp pools bound& hy riftles ar-idior smdbxs %ere c o n m o ~  a: dl nest sites, $OUI dep& 
was such that at low flctv;, or even cessation of flow, water depth wa5 maintain& in 
29c"m of 3 M.. . . Each pod w a  Jeepist at one side and de.t eloped into fasoad shali61ws 
on the opposite hmk.  

Taken togerher. the two studies suggest thax river foraging habitat for h d d  eagles is tied to pools d e p  
enough lo srrpport a poputatru!~ of prey fish, and &at the fish becorne vulnerable to mgli: prdation %hen 
they move into shallows. Our present stud3 offoraging behavior of bald eagles in riverine habitats. using 
weight4 t? isitation data &ctm telemetry tracking and direct ~hsemations of 435 forages yielded s o m e ~ h a t  
different result<, mainly in regard to the habitats. where eagles amcked fish. 

In contrast tn the previous studies on foraging eagles in Arizona and Gafifornia. we found &at bald eagles 
did not tixdge selectively in pc~ols. Andysis of ahsen.& versus expect& habitat use r e v a f d  that they 
foraged ir, riffles disproporrionate to the occurrence of rifilfles along the river (see Section B4). We ran 
this analysis for four eagle territoria (East Verde, Ladders, Baralet4. and Blue Point) where we had both 
relative hiibitat abundance data and subst.dntntial riverine foraging data. A surnrnary of habitat use by 
foraging bald eagles at the four territories is presented in F i p r e  43.3-3. Intense obsemaiatic~n rlt some 
rimes revealed that their upstrearn ends ("pre-riffle a r e a w )  tendd to be favored both by tlae eagles and 
the fish they p r e y 4  upon. 

Among microhabitat components we measured at strike points for live fish were depth, turbidity, water 
velocity, and substrate characteristics. Overalill, in riverine habitat. eagiies tended to take live fish in shal- 
low, clear water; during our smdy, these features were tqpical of riffles and the shallow portions of runs. 
Turbidity increased in the Salt and Verde rivers briefly after rains and during more prolong& periods 
of snowmeiit (e.g., March 19873, We obtained 162 nn=urements of hrbidity at strike points for live fish 
c a p b r a .  fn 136 (84%) cases, the water was noted to be "clear to the bottom." In eight of the 26 cases 
where turbidity obscured the bottom at strike points, water depth was greater than 200 cm; the 18 re- 
maining strike points averaged 68 crn in depth (SD = f 21.6 cm) (range 35-109 cm). Keeping in mind 
that eagles probably cannot take prey swimming deeper &an a b u t  60 cm, we are uaaahIe to determine 
from these data whether baId eagles ever took live fish from beneath the surface of turbid water. 

Of 134 depth measurernenls cl strike points, 70 (52%) were in water 20 crn or less in depth (the 
shallowest m=urement was 4 c~n) .  Cilmuiatively, 77 percent were in less ban 41 cm, and 92 percent 
were in water less than 103 crn deep, As discuss& in Sec~iora A3.3.1, some of the fish judged to be live 
and healthy when taken in deep water (8% of toral captures) may aztually have been moribund, but in 
several  case^ we ciimrly saw zarp splz§.shing on the surface in deep water at forage sites around the time 
of the atracks. 

Mdian  depths at strike points for 66 suckers, 19 carp, and 10 ca6sh (6 c h m e l  and 4 fla$head cattlsh) 
were 20 ern, 22 cm, and 61 cm respectively. 61ear1j, the great m;ijorig of both suckers and c q  are 
taken in verq shailow water. R"nile our sample cf depths for c a ~ s h  forages s u g g ~ t  &at they arc taken 
in Far deeper water, the number of obsenraticrns is too small for us to generalhe as to the conditions 
surrounding their i-taInerability to eagles. 
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Ttl slrme extent, the preponderance of riftft. use by eag%es result& from tfie fact ha t  s ~ c k e n  were :he 
principal fish taken in most of lire riverme hahltats we studid.  Figure A3.3-4 shows that while eagle,(, 
took suckers mair13y irz rifi3t: habit%, carp captures were more eequentfy record& in runs, and channel 
catfish in pocket water and mns. 

Certainly, a n y  ilrsh is more wilnerable to attack when it is in a riffle, fn this shallowst ef riverine 
Rabitrtr.s, ixge fish are ar a spwial disadvmtagt! because they are csnspicuous, active, md are rar less abHe 
to maneuver and escape than in deeper, less structurd habitats. We Rave little data on &ti frequency 
v;i& uhich carp enter rimes, althorigh we have made numerous incidentzu' obsemations of their 
occurrence in this habitat. Suckers. on the other hand, xire verj much aRract& to riffles, and the eagles 
regularly capture them there. Because ot. the great wlnerability of fish in riftles, we will discus!: some 
of rhr characteristi~s of riffle habitat that tempt fish to enrer them. 

Why EfFls Attract Fish 
Fish Find Food in Riffles Riffles arc prime tloraging habilals for fish because primuy production 
(pliotosynlhesis) is higher in swift mnning water hahitas (ice.,  riffles and runs) &an in slower naming 
hahitab (i.e., pools) {Cumrnins et cl, 1964), P'ncitosynrhetic rates are light-itependmt, so higher primary 
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Fxgure A3.34, Wabxmks where eagles took Bnve caz-p, catEsh, md suckers, 



pm_aductit,n in riffles is d rewft 01 ~ h a 9 l n ~  wzer md large, c%em substrate: more light reaches the holfim 
than In deeper wakc-h. ' h e  greater the complexity of the substrate, the more area is atailablc for algal 
grow&. f~ addition, high wdrer velocity characteristi: c t i  rifffie fiabnlrat prevexxrs sik dqosrtion horn re- 
ducing sstmcmrd cec~mplexity, A food web in the r:Mes of Arizona rivers i s  :ilustrated iin Figure A3.3-5, 

In genera!, rapidflj flowing waters support a greater invenehrate populariom; &an pools (Egglishaw and 
Mach'ay 1'367, Arnaibnge er czi, 397.1, Richerson 1982, Scullietn er a%. 1982, Lc>gaa~ and Rroukcr 1983, 
Smith and f,i 1983* md Deluschi 19881. Battornk~elling inveflebrakes :oncentrate in areas where their. 
food resc>urces {idgad are most abundant: consequently iheir abundance is directly related to the stream 
hottorn cornposatihtn arid water current velocity found in riffles iRabeni and Minshdl 19773, Krider anti 
Ward (1990) h u n d  a significant correlati~n haween the abundance of aquatic insccts and the moatnt elf 

surface algae and detritus. In Arizona rivers, dgd mats often develop in shallow riffle and mn hahitat, 
ghe presence of alga! mats in rifiltfe habitat has also been aqsoziatd with grzater total densir) and specizs 
diversity of inveflebrates, with insects comprising tht: majority (Dudley er rzl, 1986. R a d u  and Ward 
np tit.), fn Tdahcl streanu, ,Claurer and Rntsvin (1983) document& that insect fii~rnass was two times 
greater in xireas covered with green algae &an on bare substrate, 



Greater strucrurd cornp'iesir, in rifi7e and mn habiaaf, ci3mp:trd to pools. also leads tu higher insect 
diversitg and abtcnd;ule.e (Pennak md \'an Gerpen 1947, Gram pr a%, f %?la, Scctti 8958, l\liesr 1975- 
DeMarzb 19761. Dific"ren1 species of invertebrates ma1 be found in different cesnfigur~tions aBT substrate 
311 the upper Colur~do Riverq Rader and W a d  ( $990) observed Diprera, Tricdropt~rez, and Ep1/7r~?er~~,~rep.a 
utilking thz tops, sides and front of rubble substrate, while k21ecopler~, Coirnpte~.~~,  md non-lnsezta 
utilize the bottom suriaxs a d  irrtersticeh. In contrast, the substrate ni' most pools is compirsed tsf silt, 
bedrock ctr sand, which iack ths ~ t r e t ~ n ~ r a l  comglexitj ro support a wide z ariety of species, 

*Hhe greatzs ab~ani ia~ie  and h iomas  of insects, particuiararl> large ones, in r i f f le  Iraabiiai credres r~peimal 
foraging crtnditlons tor many kinds of fish. We observed both carp and suckers dimragialg in riff]= 
bclrdging fish often ingest algae in rifilfi9 but it is beiieved efthat in5 enebrates attached to the alga? prcrvide 
the buik of cduries. Since foraging on hoclom-dwelling in~eaebrates in relativeij SWH& ~ d r i ' r  rsquires 
ronsiderabie energy, we speculate that. although riffles do have microhabitab wi& siswcr water, 
individual rish ionsen-c cnergj by leaving the riffles when satiardci. This ma) result in a fairly anstant 
%upply of fish moving into and nut of riffle. and pre-riftlr: areas (the relatively smooth, shallow water or; 
the upstream edges of rii%es). 

High spring flows In Arizona rivers resuit in the loss uf manj  shallow water habitats, restricting foraping 
habitat primarily to newly inundated areas of riffles (see Super-Riffles, below), If fish and eagles are to 
be attracted to these newly inundaterl areas, insects must colonize them rapidlq, Downstream drift is 
generally considered the main mechanism for insect populations to colonize new or dismrbed areas. Gray 
and Fisher (1981 1 determind that following flooding in a Sonoran Arizona stream, the ma-jority of 
individuals initially establishing themselves were derived from drift and belonged to relatively few taxa 
(Proht?zzia spp. and Chironornids in winter; mayflies and Cricotopus spp. in s u m e r ) .  Other studies 
likewise support downstrem drift as the major m a n s  of recolonization (Townsend and Hildrew 1976, 
Williams and Hynes 1976). 

Kecoiunkation studies have shown that drift alone can replenish a der~uded area of substrate in as little 
as 10-14 days Wrztzrs 1964) and most commonly, within 4 weeks (Mason et nl. 1967; Coleman and 
Hynes 1970; Willims and Nynes 1976). Zn an Arbona desert strearn, Fisher et (11. (1982) detern~ind 
that insect cornunities recover& from a flood in as little as 2-3 weeks {Fisher pt a/. 19823. 

. In addition to being prime foraging areas fc$r many species of fish, riffles 
@articulxlp the heads) appear to be the preferred spawning tlahitat of both Sonora and dese1.t suckers. 
Q-e recrlrded extensive foraging by eagles on spawrling suckers from riffle habit% in the Bartiett and 
Riue Point territories (Stxtions R4.1 and B4.21. Aithorigh suckers Rere abundant in all rivetine habitats 
in these territories, obviously rhey %ere more \xinerablt to eagles in shallow rime habitat than in deep 
runs md pools. Once sucker spawning was compittd,  the eagles usually switched to other prey sp2;ies. 
At Bartlett, the riffles at Mnl 34.5 (""pweriine rifflemi m c f  Km 30.3 were used extensive85 k) hpauraing 
suckers, as wzi the riffle at Km 17,s in the Blue Point territorq. 

Unlike many tlsh species. suckers dcl no% construct itiaborare redds :;a deposit eggs protect 'khe egg< ur 
fry from predators, nor do they Pan ihe eggs witin eheir fins ti7 ensire adcqudte tkater sirclaiatiun during 
incubatiirn, 2"hzrefbre. egg survlvdl is t o d l p  dependant on envls~>nmental conditions at the spawnaiaag site. 

Several of the $ m e  phksicd cchxazteris~icx r?f riffles that mike tllexc ideal foraging areas for fish abecause 
of ~nvefiebrate production) .also ater~ct spa-aning suckers, The heads safritll-f~ are sebecred f'or egg deposit 



Plate .AT. Jeff S~mms, BmSystem fisheries biologist, rneasunng flow< in the Verde Rlver (photo tt: Ed Blanchi). 

bg suU"crs for three reasons: (I) the substrate is cleaner in riffles than in other habitas due to higher 
water velozitj. therefore eggs are not covered up bj silt or sand; (2) uatcr circulates freely in the gravel 
bed allowing far szmttvai of ataste products at the outer surfices of the eggs; and, (3) gas concentra"iion~ 
arc h i h e r  in riftles than in pools and sum. resulting in faster d i f f~s lon  of oxygen into tile developing 
e v e \  

C5" 

Other researchers ha\ e: identified cibgrnl nr "j~re-ssff'le'' areas its irnpc~rtant spa% ning "nabitat. Stlapit\ aim 
Q "raft (195.4) noted thaa hemale silt er salrnr~n rjp1za114 seiecb spawning si:e,i at the head of a riftle dhmw&r 
end of a pool wherr: the water breaks ar,to a rihlci, Briggs (1953). in a study on a coastal stredm in 
~i i r rhern Caiiiornia, noezd t h e  recjds 146 i;aln~tjnid s~c;ic. ;$ere i x e \ ~ t  ~ f ? g e ~ ~  locard  ~~41 Ihc ~ R J S  fif ~ ~ 1 0 1 s  
~ h t r e  water %as hegirrning ttr buhlcf Hlsomenmm 3lentiian of this p h e n t m ~ n a  is also referenced In @I? 

XlSFLVS ""Mabitai Saitabiiit) Index %lnde:s and Instrcni~~ Flow Srsitabiiity Cur> es" kc7r chinook salmon 
In rhls pubi;cation rh$ B'TFU'S i t f .S  k;lh ;{nJ Wiidlr~c Sen~ici: l98f.r cites Vrcrr:skil il9721 as haying 
repe)$eed that 32 per:;nt o$ chiraook sslmm ~-cdl":< nse Ixared on she graa-el trar~citinn are&% kdv; rsrr pooBs 
and r i f k s  Similarlaf, k'agel i 29831 b;itn:~d that syai\ning ihin?cir;k sslrnl_an preferrck 4"hrmedw areas 'say 



a tactor of  13 tlrncs m e r  unhermd a r e s  iWe Rave observed both chinook sdrnon and Sracrzmenrc> 
suckzr4 FA\ oring srtzlilah hahitats rprl tine hlnkelumne Ri-$zer; an nor~hern Calif~trnia. 

Super-RiM*ia. During periods of high spring flows in Arizona rivers iusuaJ13 in &larch and early 41~il8, 
zbe a b ~ n d m c e  of shailow habitats de2rases md turbidity increases significantly, reducing dte abilit! of 
eaglm to ddttxt a~rd catch fish except in very shallow wwater. These periods of high flow oczm while 
there arc chicks in eIae nest, and sometimes w h e ~  the chicks are at Ihe peak c~f energ) rzq~isttmenh 
15" weeks after hatching), Later in the spring, flows decrease in the rivers, resulting in t;hc formation 
of abundmt shallovt foraging habitat. Given. this pattern, we h>po&eskeil &3t bald eagBz ~ncsting 
rerritories migbr tend to be situated in arcas &at contain shdlirw water habitats esen during high Ecrwc 

During our field sfr~dies, we noticd ddiflerences in the m~rphnlogq of rit'iie habitat. In certain 
configurations, which wit call "super-riffle type," riffles provide shailow water foraging areas &ring a 
wide variety of flows (Fig. A3.3-61. The key fe~ture  of super-rimes is that as Bow increases. water 
depth md velocity increase in only a smail area of the habitat, while overall the amourlt of shallow water 
increases in the riffle due to the spreding of water across a gravel bed. Ckxacteristics of super-riffles 
incltlde: ( I )  xnainteaance of habitat integrity under a wide variety of flows; ( 2 )  presence of a gravel bar 
oriented diagonafty or perpendicularly to flow, with most of the gravel bar out of the water at low 60% 
but becoming increasingly inundatd as Bow increases; (31 substrate consisting primarill of clean gravel 
and rubble; and, (4) a moderate gradient so that water velocity remains relatively low even under high 
flow, 

Use of Super-Riffles by Foraging Eagles. During our investigations of the foraging ecology of the 
radio-taggd eaglm, we often notic& then foraging in super-rimes. Indeed, it was during these 
observations that we first identifid this river habitat type. For example, just dounst rem of the mouth 
of Fossil Crwk, witbin the home range of the East Verde eagles, we recorded numemus visits by the 
foraging adult male to a super-rime in this location, although we had not yet recognizd its special 
confimration. When we began looking for super-rimes, we found them in every one of the eight eagle 
territories we srudid.  We then compared the distribution of super-rifles to the distribution of perching 
and foraging visits by the eagles to each river kilometer segment (E=rn). We were able to show 
statisticall) significant selection by Zhe eagles of Kfns containing super-riffles (Section B4j. 
F i p r e  A3.3-7 illustrates this relationship of bald eagle visitation scores (see B2 for explanation) and 
super-riBlile occurrence. Within-territory comparisons (with graphs) appear in Sections B4.1 CBartlett), 
B4.3 (Ladders), and B3.4 (East Verdej, and h ~ e r  discussion of super-rif$le selec~ion by foraging eagles 
is given in Szction A4.4 (Rome Range). 

Supr-RifR* and the Distrilnution af Pairs. In July 1990. we smveyed the Salt and Verde rivers to 
map the iocatiom and characteristics of super-riffles. The susve5 Bas conducted C r c m  a tow-flqing 
airplane by ~ H O  eagle biologists and a fisheries "nologist. Ftous in &z river reaches kurveyei3 -ere 
generallj low but variable. ranging from 30 LO to 1600 cfb. During the s u n e j ,  we not& uhcther hh~: 
super-hifiles nere ~5tlsoc;iated %ith river bends, rribu'caries, on. clifts. We $so Setermined be: or~snta~ionm 
c ~ f  the gravel bars in relation to flow ii,z , whether the head of the graiei bar was pointing upstrezzarn, 
down st re an^, perpendicular or paralael 60 flow), During the surveys, we also identified and mapped 
icvcral extensike braid& areas, since they have many of the same characteristic< as 5i:yer-riftles b i . ~ . ,  
shallnw water at a variety of f loss) .  We later rnzasur~i the distance cit'each bald mgle nest active withlrr 
%he pasf five years to the closest super-rime, 



Plate '48. Km 34.5 "Powerline" super-rif:1s at the Bartiett breeding area on 5 July 1986 at flows of 232 cfs. Kotc: 
the shallow water habitat angling across the river (photo by D. Driscoli). 

Plane A9. Even at flows of750 cfs, pictured here on 21 .August 1991, the Km 34.5 'Towerline" super-riffle below 
ibi: bartlaki nest iiifr i ; l I i  shis\vi s'raalir,-,v habitat (photo b- ia. Dr-iscoil). 
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Figure A3.3-7. Su ry of eagle visitation scores to river kilometer segments with md without super-riffles at 
three bald eagle territomcq in .rulmna. 

The distributions of super-riffles and eagle nests an the Salt and Verde rivers are ilfustratd in Figures 
A3.3-8 and A3.3-9. Only nests used by eagles since 1985 were included in the analysis because major 
floods occurrd in 1978 and 1983 which map have changd the distribution of super-riffles. According 
to our surveys, the Salt River contains 25 super-riffles and 3 extensive braided areas from Granite Reef 
D m  to the confluence of the: Black and M i t e  Rivers (Km 0.0-245.1), along witla 27 bdd eagle nests, 
The Verde River has 61 super-rim=, 3 braided complexe, and 25 haid eagle nests from its confluence 
xiin the Salt river upstream to Cmlp Verde (b 0.0-1 86.0). 

In general, super-rim& on the Verde Riwr were oriented at an mgle, either up (52%) or down 444% I 
with respect to flow n a b l e  A3.3-33. However, there  has IPO dear trend in super-riffle oricntatiun itn the 
Salt River. Super-riffla did not appear to he associated with river bends, tributaries or braided chme l s  
in either river. &either was a trend apparent bstwera super-rifi2e occurrence and the presence of cliffs. 

?%e anem airline distance from nests on the Salt a i d  Vcrde r i v s r ~  to the closest s~per-rifrdZe~ wlki 

relatively smdl 12.59 h and 0.58 km ~espectivelv), ,4 heqmenq histogram of diseaxe from nests to 
the ciosmt super-riffle is present& in Figure A3.3-10. 
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A-66 Eror C?GY OF YGSTING BUD EAGLES IW ~ U Z O ? ~ A  - "- 

? dblp 43 3-3. PhysiiL characeeric;ti;i of super-riffles b-taun% in &z S ~ i e  and Yerile n . i ~ i . 9 ~ .  

Located 
~3s Prresensc Presenx 

k v s r  of 13 f Brs l t ld  
BSncnr;ttrcin Ben2 CLff Tnbukrx C f ~ ~ r ~ ~ ~ d  

" DOWE P ~ T  Par Unk Ye5 NG 1-e.: 3 )  hcs N<) Ycs Lrk 

On the Verde Rivet, rhe greatest distance between a nest and a super-riffle was 2.5 h; 88 percent of 
nests were within f .0 iun of super-rifiles, and 64 percent were within 19.5 kn. On the Sdt River. only 
39 percent of eagle nests were within 1.0 km of a super-riffle; 60 percent were within 2 km. The greater 
nest-to-super-riffle d is tmce resulted from two factors: (1) considerably fewer riffles were noted on the 
Salt River, and (2) mmy nest sites on the Salt River (7 of 27j were located more &an 0.5 km off the 
river (range 1.1-13.0 km), while only one nest on the Verde River was greater than 0.5 lun from the 
river (distance 1.5 km). 

Nest sites on the Verde River were significrmtly closer to super-riffles than if nests were distributd 
rmdody ,  but the s m e  was not true for nests on the Salt River Fable  A3.3-4). We tried three diEerent 
statistical mdyses. The first test included dill active nests on the two rivers, regardless of whether they 
were located on resemoirs or off-river. The second group exciuded nests locatd on resenroirs or  more 
&an 0.5 km off-river. We cornpard the mean distance of active nests to super-rimes of the first and 
second group to distances derived tiom randody-placd nest.?. We generat& a "random" distribution 
of nest sites (by computes!, hut restrict& them to rivers (i,e., we did not diow them to be si tuatd off- 
river or on teservoir). Tne number of "rmdom" nests placed on a river was equal to the number of 
active nests. We perform& the tests with three repli:atm of r&?domized nest locatictns on the river 

We repeated this analysis on a third group of data, "Dt this time incguded ard) nests located wuiirPlin 8.5 h 
of thi: r i ~ e r s  or on r e ~ ~ l l i ~ i r s ,  Rmdom nests were also alIo%& io be locate oun resems:irs. We used 
the distance f ~ o m  the nest. sit%< (active and random) to hht: closest super-riffle os rt.s~n,nir izfiow. fox th is  
mritysis. W e  found that using these criteria, nests on both ihe Sale and Verde rivers were significantly 
closer to super-tifila or reservoir intlows than expect& Val?!? A3-3-41. 

-L3,3.3 h g l e  Use of Trihutariw 
T r i b u ~ a r ~ a  were present in sever&% r_tf Bhz bredice  areas where WE conducted tielemerr! stradies, but n0 
dlm trend in habitan rase was appzent i%oarm the ddea vve collected un &~;dir use i3& eag1e.s. Tbr East Verde 
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nest was luzated cic,ra &r: matnsrem Verde Wirer n e a  two tsiburaries (Eat  Vcrde River md Farssil CrepB;~, 
on Ro& i~uf'thern the eaglkq foraged for spau~ing  ssckers durzaag April Hcwc.i-er, the EaiBJers ?a,: JIJ  
not use \.Vest Clear" Creek, &bough other eagies visited &IS tributary in the spring, Similarly, ir:. tile 
Horseshoe brezding area* the nesting eagBcs did not Borage on two very rlraidl krihulxies witllln their 8110me 

rmge, Sy;amore Creek a)r Lime Creek. Ttno successhl bdd eagle breedis% arzas are suarently bnt%v+n 
C ~ F B  tributaries of the Salt River ("76" on 'Puntci Creek, and "Canyon" on Canyon Creek). Fish appear 
tu tl~wri: pnjminentty in the d~ecs of both pairs, Athijugfa the sample size from Canyon ua!! smaX1, md 
the pair way forage in the Salt River. 

On the Verda: drainage, wa conduct& fish sumeys nn West C l m  Creek, Fa,ssil. Creek, tks East Ylzrde 
River, S y z m o r e  Creek enear Hoss~qhc>e Resemubr), and Lime Creek, Qra the Salt drainage, ~e s~r$~eyed 
Pind, Cherry. Cibecue, and Carrho c ~ . e e h ~  We found few potentid grey fish in these rributaries, kith 
the exception of the E a t  Verde River. We heliebe that resident fish densities were too 10% an nlost of 
these streams during our surveys to have provided a reliable food sour:? fur nesting eagles. 

0,75 1.25 1,75 2.25 2,75 3.25 4.75 >4,00 

Distance iron?! nest to nearest super-riffle (km) 

Figure A3.3-10. I&rHme dlt?tmce i h )  to the nare i t  mpr-nftle iil each nest -based bq bald eagics .;laze 8955 oga 
ehc %-erde and SaDt nvers. 



Table h3.3-4~ Ciinaparlsorl of airline disaanccs from ~ e s t  to ~upe~-i"xAids ~ v n g  dcmal ~ P I J  ' 'r~ndi:i~i' '  nest 
slril locations cln the Salt and "i'erde rivers, 

Kor rnogeiro~- 
S~nirnov THC) 

A t c p d  Sest Data " Randcim" K e ~ r  Data SmpIe Tcst 
dsignificmce 

Sld. Snd. Std, Stif. at p < 0.01) 
S Mearn dei . err. N >lean dev err TP 

AH1 nests - 7 7 2,59 3.11 0.60 8 % 5,39 7.44 0.82 0.205 

Only river nests 
c0.5 km off river 16 1.03 0.86 0.21 4 8 1.69 1.46 0.21 0.109 

Only river nests 
< 0.5 lsrn off river 
andonreservoir(l:! 20 0.99 1.07 8.24 50 4.81 6.55 0.85 0.00s 

f'erde River 

All nests 25 0.58 0.68 0.14 75 1.43 1.36 0.16 0.004 

Onfy river nests 
<0.5 km off river 20 0.58 0 .  0.15 60 1.18 1.03 0.13 0.01 1 

Ody river nests 
< 0.5 km off river 
and on reservoir ( I )  24 Q,56 0.69 0,14 72 1.25 1.12 0.13 0.004 

(1) Disbnres ~lsed a3crc from a:est to nearest su~xr-stile or reservoir inflow. 

However, 11 1s possihie t5at some of the tributaries sasanaliy mract spawning lish trum the mainstem. 
Althoqh. we did not observe spdtsning migrations. circumsmtid evidence at Hou.itcln Creek and Fossil 
Creek suggatd  that migrations of suckers had occurred in spring 1987, Low ratnFdll in h e  following 
twcl ]ears (1988-19891 ma) have generat4 ~nsufi:cienr f low for spawning migrations. Spawning runs 
have been repc~rted in aal ier  years on Cherry ard  Cibzcue creeks (see Secrznn A4,2,8. 



:G.3.J Qvc?Pv~~~"~c  OF Bald Eugle Foraging Falogy iat Riswine Habitat 
In summary, Figrirbjs .%3,3-l1 an3 A3.3-12 give CJUT conzeptian of d~i: avenues by ~ h l a h  &a major prcq 
fish icarp, catGsh, and sucker), becme available to bdd eagles in rii-&ria? hhabitars during our srad? 
Iw re\-iewing these d iagrms [and others, such as Figure 4 3 , 1 4 1 ,  it is apparent shz: f i e  eagles were able 
ro successb-ullq exploit a wide range of biota and physiography, a d  that &ere is tempord sequencing itf 

prey availahilit: such that one species rarely dominats the rfiexof an eagle pax &roughout the breeding 
seawn, This diversit) of their Ik~raging suggests that ~ r e s b u l d  Izvels of p r q  and habitat variation (m 
addition tcr the presence of a specific quanriq of prey) may be requisite to nest sire selection m d  neqting 
succers, Alrhough data are not yet sufilcient to test this possibility, it is evident &at no path of prey 
vclnerabijity rernalm cvnsmt &rough the &r&ing cycle, 

Is, the p r i a n q  riverine habin& in which live fish beome aciasibfe in shdll~v;  watcr (riffles and run%?. 
temperarsre appears to significmtly infiuen:e prey composition md vulnerability. Temperature acalunts 
for differences in fish community structslre benr~ren eagfe breeding areas, and causes tempord differences 
in fish a~ailabilitg tciirhin D r d i n g  areas. Suckers dominate the fish community in cool water conditions 
chltracteristi: of headwaters and hfipoiimetic relertses (see Figure A3,3-1 I),  and they form a signilkant 
part of the pre: base in Mxzh md April when rhej spawn in the shallom of rifles md,  to a lesser 
extent, mns. In contrast. su~kers  are rare in dowmtream areas where water has warned in response to 
ambient air temperaturm and decr=ing l-lows (see Figure A3.3-12). In such conditions, carp and cattish 
dominate. and, uIllike suckers. they are obtained by eagles mainly while fedifing in shallows, rather than 
while spawning in them. In some situations (e.g., below a dam), anglers may augment the diet of eagles 
by producing carrion carp and catfish. Kamral nortaiity related tto spawning migrafons, poss ibl~  
compound4 by barriers. may also contribute to carrion. 

Changing water temperatures may also influence the timing of prey availability within each breding area. 
As water gradually warms during spring, optimurn spawning temperatures appear earliest for suckers, 
then for carp and catfish. Be~ause  spawning contributes to the vulnerability of both suckers and carp, 
the fact that h e y  spawn at different times prolongs the period in which spawners rue available. Seasond 
shifts by agles from one prey species to anoher was characteristic of all six succssful pairs we studied 
with telemary, and the timing of eagle use of each species tend& to correspond to appropriate ranges 
of spawning temperatures in most cases. 

Temperature may also affect the frequency at which prey t'lsh enter shallow water to forage. As water 
temperaturm rise in spring, the metabolic rates of fish inareace, resulting in greater demmds for food. 
At the same time, increasing rates of photnspths is  sustain larger invzrtebrate popuiatio~s in shallow 
water, InterestingIy, suckers are the most Iikeiy of the three types of fish t c j  become -culnerable as a 
direct ionscquence of spau7ning. To the benefit of e a g l s ,  they spawn exirly in the season when 
photosynthetic rates do nor yet encourage maximum use of  s h a l i 4 ~ ~  water fiy foraging fi"lscw, The 
movemen% ttf caT into shdlou Ltater to forage generally cdccur5 after suckers havr finished spawning., 

At Imt two stther Fa:k~lrs ASO influence the relative abundance of c q ,  suckers, and catfish. One is the 
migration of fishes our of the  reqervoirs w spawn. It ma) be that b e  rarltg on suzkers in river sectism 
upstrem of  the resenrorrs is not ody  a firnctian of temperature, we have a@&, but also a result of 
sucker ~.iopulations being ovewhelme69 by large numbers of c a p  and cattlsh from the rservrsirs. 
Bifferenca in turbiditj may also affect the occurrence of rbe three kinds of In ,omergti, carp and 
catfish are more rolerant of turbid w n d i t l ~ m  &an ziee suckers, and indeed, the obsened distribution of 
the three types of fjsh BE the Sdine md Verii'e rio ers appczp.5 tc correspond 10 the mctunt 02  Wka~.bfdst> I T e  







is probable, nrrnefheles,r, that water temperature is Inore irrflueaa~ia% &an migration or furbid~ty apl 

determiraing the proportairns nf preg fishes f n n  siverinl: habitas. Fur cxasraplr, in the wxn-n Salt 8 i k e . r  

upstream of the diversion dam (which prwurnahly as% as tc Efislm barrier.), suckers are Encomain. Again, 
in the East Verde Ris-er, where a h i r f l  strong temperature gradient e x i a  i%ut net a tx~rbidity g~-adl&nt) 
over tfie f t ~ e r  20 Kms. suckers are c o m o n  in the upper reach, while c q  dominate the I'owcr, ~ d r m e r  
section. 

The sire ~f &r area fiequentd Rq a pair of ns t jng birds is often a refleaion uf &e ri:hntasa, of hahitat 
br2;esr;ton 197'9). Where food Is plentiful, parens need nor range far to get it, but if resourcm are scant, 
their long-dismce travels may be extensive. Colonra; seabirds nes"sng on pelagic rocks often travel 
hundred? of kilc~meters for food, remaining airborne for days on end before remrning to f e d  their 
nestlings (Lack 1966, page 2%). The need to travel may be dictated b? competitive depletion of food 
supplies nedr the nesting colonies. or may result from the circumstance of nesting rocks being situatd 
fiu from rhe nutrient-rich upwellings of ocean currents (Ashmole 1963). 

The matter of nest placement relative to food distribution is recurrent in our studies sf nesting eagles as 
detail4 in Part B of this report. At some sites, the eagles obtain& a large amount of food in h e  
i m d i a t t :  nest vicinity, while at others they reelarly travel& long distances to forage. As in the case 
of the seabirds, these range vruiations m o n g  the pairs of eagles may have reflected diEerences in overdl 
foraging habitat quality between breding areas, or ( 2 )  circumstantial factors in the juxtaposition of 
available food and suibhle nesting substrate. 

We assume that an eagle will not normdly travel long distances for food if there is a comparable supply 
n m  the nest (Krebs et al. 1987 discuss= costs of commuting). To do so would, on average, result in 
less caloric$ deliver& to the young, and, were this tendency pervasive in the population, we speculate 
that the genes controlling it would eventhlally be supplanted by those eflecting a more eficient strategj. 
Factors that influence brood quantity and quality are a main focus of natural selection CLack 1954, 
Williams 11966). 

In addition, there is also the risk to the young of leaving them unattended for long periods while traveling 
to dista~lt foraging locations. Evolution has solved this problem for many raptor species in having the 
larger (more dangerous) female remain at fion~e to protect the brood while the m d e  forages. However, 
during the latter half of the (chick cycle, when the young can themorepla te  m d  have outgrown some 
of their would-be attackers, the fernde c o m o n t ?  l a v e s  the nest area to hunt. Even then. there may he 
a risk in traveling long distances to forage. N e ~ ~ o n  (1986. p. 184) report& that exposure to sudden rain 
killed nst l ing European sparrowhawks d e n  adult femala, breding ira habitat where prey was sparsel? 
distrihutd, were foraging 8 h away, These consideraticans Id us to sever$ prdict ioni  regxding home 
range: 

1. On average, it an eagle travels far from the nest to forage, rhe conditions present at its destination 
probably offer quicker iandicjr safer) access to preferrd pre! barn locations nearer the nest (see 
O r i m  m d  Pas011 1979, p, 165). An eagle that travels far from the nest to forage is therefore 
indicating that relatirrely poor foraging habitat exists near the nest, at ieast temporzily. 



", If suitable ns t ing  substrate is ahandan: and d~stribup,ed homngenatusly in the landscape, nesb s i l l  
tenPf fo he ltuated at or near the "center c7f  Era\ iry" of grime fdraging sires, minimizang traveling 
time (Orians and Pzarsonl t~ cit,, p 170,, Tnereftirt! nest placement in relation QB) pr im-  ft:raging 
sites should, on average, he a m a u s e  of bcf abundance md dictsibution of suirablt. nestirjg 
substrate. 

3. If prey abundance mil t.ulnerahiliQ arc honogeneouqlp distributd ciwthin b e  range of a pair ftf  

eagles, then a f zquency distribution of fc~raging events arnurld the nesr mrght approximate a hell- 
shaped carn7c for eagles ns t ing and foraging along a ri\er. The degree of depamrc i"lumpins,rswi 
from b e  bell-shaped distribution would be a meaurtj of hererogeneiet in pre3 availab~bity. 

In this section, we wilf explore these relationships (sf hame range, nesting substrate, and foraging habitat 
distribution in oar comparison <.if the home rmges of the nine radio-taggd adu8-t eagles. 

,U.4.1 kf ini t ions  arjd Approach 
Home range is definaj as &.., the area tratersed by the individual in its normal activities of food 
gathering, mating. mil caring f i r  the young" [Bug 1943). In the literamre, a home. r m g c  is usually 
express& as a poiygan describing the outer b<~undarq of recorded movement<, often in relationship to 
the home range boundaris of other b r d e r s .  A more sophisticated demonsrration of borne range ma! 
contain sub-elements of frequency distribution detailing the mirndil"s activities within the total x e a  of 
movement. 

As a measure of habitat q u a l i ~ ,  the instmctive aspects of a home range polygon are size and shape. A 
change in home range size during the course of a nating season might indicate greater food demand by 
the young or a shift in the distribution or extent of prey availability. If a home range is odd in shape, 
perhaps extending rnore in one direction than another from the nest, the difference may reflect a s y m e t r y  
in habitat quality or other forces such as competition or disturbance. 

In the core of a bald eagle pair's home range is a smdler, rnore intensely defend& area called the nesting 
t ev i tov  which extends v q i n g  distances from the nest (Figure A3.4-1). The extent to which the 
territoq is defended depends on topography and the idiosyncrasies of the pair, and probably on the age 
of the brood. In general, the degree of territorial aggrssion decreases with distance from the nest (there 
is also a visud component), but h e r e  is probably no consistent distance at which a trespsser would not 
be at risk srf attack. Pairs direct their aggression most strong11 toward other adult bald eagles, and there 
is much circumstantial evidence that fights over territorial ownership between adu1t.i: can result in dmth 
(Roberts 1985. R. Jackman, notes P, Carroll. notes). Breeders also chase younger bald eagles and other 
large birds. Occasionally, young eagles aapparing in the nest area are not attacked; these might be young 
from previous yw.1~~ (see Ss t ion  B4.1 

in addition to territ\-)q and Rome range, there is rhe soaring rirnge: &e area a ~ f  soz-ing and rerrittsriai 
patrolling. We estimate I& boundaries by teiemetrj md visual ohsenation. 

These general conLepts ot home range, terrircsry, mind soxing range, uhiIe interz<ting. are insufficient 
in dacsibing the gtx3graphy and dynamics of food a;yuisieiona anid its relationship to hahitat which are &e 
fozi of our study, Far rnore revmling is .fi>suginp range, descrihcd ov the basis uf where xhc eagles 
rzpeatediy perch& iloutside the nest area, and sirere they foraged fdsee Seitiom R2 for approach md E8 
fbr me&l.lodsi. If atI foraging sverles wzrc ~nttnased, foraging obsenatiors ~oildd he the onij n e d d  





jncsure of faraging range Hut there is d potent h i s  of obseki~r Ioiariifsa in kjuaiatiQing the disrrihuriim 
and relative i m p t ~ e a c c  rrf dtrraging hits ,  a bias which, evzn with xtelerne~s). invaliddezs tile rzsults if th~-se 
sigles range widei y ., 

Basing home range esramations entaeb oo nsightings was a lirnirdtiun that led our predecessors \nlhc\: 
studied ArixLpna eagles to misjudge Cl:: extent of mgfe movement, Although asempas s e r e  made to 
accriunt kts longdistance movemena, the $.>raging areaq ddescribd depended on the kappere5tance c t l  

observer location, a bias that rwul td  in small foraging range &%timar=, concentration on areas visihie 
from nest ohsewation points, and/or emphasis on rivers to die: exclusron af reservoirs (Hifdebrmtndt 1981, 
Sell 3982, Haywood rand Ohmart 1980, Haywond znd Qhnafi 1331, Ha)wood and Ohmare 1982, 
f!aywi,oPi and Ohmart 1983, Gruhb pt ui, 4983, Cnrbb 1984, and Gmbb 6986a). The visual tradking 
problem was not& by Haywood arad Ohmart (1982, 19833, who explained, "'Ora1y rarely could fligtllri 
he ft>llov;& ro their final destination." 

Even with telemetry, we often forlund i! diffjcult to witness foraging events. Our data revealed that Lf.ae 
eagle$ covered man\ kilometers on hunting forays, and in the best of circumstances it was sometimes 
imposslbit. to arrive within view c t l  a foraging sire before the eag':e had left it, a d i l s m a  that  as 
cornpouradd by dificult terrain and the frequent absence of negoeiabIe mads. The situation signitjaanti~ 
improvd with time and experience, a d  when data on prey deliveriex were cornbind with telernerric data 
on the location of the eagle in the nmutes prior to delivery. Although the eagle's exact position was not 
always known, reference could be made to zones of eagle occupancy. 

From a praztical standpoint, data on repeated visits by telernetered eagles to perch in spe.-'f ~1 1c are&? 
(visitation scores) gives perhaps the dearest view of foraging range? provided there are enough trackers 
stationed to anticipate movement. Our data show a positive relationship between perching and foraging: 
in 80 percent of observd foraging events, the eagle perched within sight of the foraging location just 
hefore the event, and in 70 percent of the total cases, the eagle appeared tcj have seen the prey before 
leaving the perch (see Section B4). Visitation scores, therefore, together with data on foraging, were a 
foundation of our study of bald =,ole ecolog.  

Our experience at Blue Point illustrates the differe~ce in sensitivity with md without the aid of telemetry. 
During the 1988 breding smson we radio-tracked the adult male; the femalie was not radioed. We 
recorded 147 forage artempb by AMO1, of which 79 were observd by radio trackers. The remaining 
attempts were i n f e n d  from prey dd ive rd  to tfie nest, In ci3ntrast, we obsemed only one forage by 
DF02 during this period dtho-ugh we saw her deliver 53 prey items to the nest. 

-U,4.2 Territorial Beha\-ior 
Even in arms of abundant food, tcniwrid aggrasion try adult eagles results in a naturd spacing tof" bald 
eagle nests, even though nesrs may he relatively close togetfies, The average distance hetween 3,850 
nests in Alrska w a  2 t; however, occupied nesb have been found as close s 137 m (Stalmastea 1987 ,. 
In FIorida, three cjciupi~d nests were within 305 rn of each other, an3 seven nests were found in an afca 
ot 6.5 square km rap, cit,). The densest breeding bdid eagle concentration h o w n  in Cdifornia is on 
Bratton Raervoir (nort;hern Gritifornia), with six pairs nksting dong 13 h of the nxrow Impoundment 
{BioSyseems 19851. The very higha,ct r e p o n d  Je~5i t im of bald eagle,. are on rhe Aleutian Islands where 
the average internest distmance v~as  about I 0 0  m i'za =I 227 nests; Johnsgafd 1990. citing Earl5 1982,. 



M ~ s a  ha11B eagle nesting tesritorie9 in 4rizona are so far apart that rhr aduls l-koaaa one nest enc;tunter the 
a $ u h  fsiln the. nearest nesting arm far beyond noranal terriroriad bnundai~5,  Terriraries along 1Snp Sait 
mil Ver& rivzrs are generally cnnfi"lgurtxl like beads on a string, with h e  ends of home ranges sometimes 
overlapping, but not tending to m a s s  at foci of prey availability Iike hey  do at certain takes and 
reservoirs in t)&er areas ( tag . ,  Bried~m Keseav~~ir in California). Hence, &ere as jess potcxskial fttr 
territorial strife. Kot suqrisingiy, the closest active nesn in Arizona are on a reservoir: these art: within 
I airline bm (0.2 river fiPni of one another (Alma and 1ve"s Wash). The nearest nmts in rivsrine 
settings %$re 6.9 river Krns (6.0 km) (Cihecue and lMule Hoof, 197131 mind 5.9 b s  (5.5 k m ~ i  (Blue Point 
ar~d O m e j ,  I t  seems doubtful that the current spa~ing of pairs is soIe1y a resulr of tenitorid zxcimsion, 

THI our w d p ,  wt: frequently c~hsea7& aggressive behavior on &e part crf territory-holding adults, but we 
did not attempt to definmte the defend& a r e a  because none of the studid pairs were close to ctthzr pairs. 
Our Jata contain 45 records of rhe breeders chasing other bald eagles, including 37 subadults, four adults, 
and four unidenti6ed bald eagles. Qttrer birds chsed by the adult pairs inciudd ravens (1 15 events,, 
red-taiicd hawk (32.1, turkey wltures (261, gc~lden mgl~s  (12), unidentified eagles (31, and ocher raptors, 
inasluding Harris' h a w k ,  (3). We saw the adult bald eagles chase ospreys 13 times and great hIue herons 
eight times; tlese attacks were often attemps at piracy. The high incider~ce of bald eagles chasing other 
eagia-  both bald and golden, was more a measure of hostilitj than frequency of intrusion f&ey wcre 
rarel) seen!. Ravenc, on the other hand, were commonly seen, hut not always chased, 

rQ.ds3 Adult &'lovemen& Within the Breeding k e a s  
In Sectisn B4, we report the perching and foraging distributions of radio-tagged adult eagles during the 
nesting season. Our study of these distributions was based on the assumption that if an eagle moved at 
least 100 rn to perch, it had s e l ~ t e d  that location on the basis of its quality as foraging habitat. Each 
t ine  an eagie traveled to a site and perch& or foragd,  the location received one "point" in an accruing 
"visitation score." We referenced locations by using topographical maps on which the river centerlines 
were indexed per km and one-tenth km (see River Map Atlas). Tne raulting one-kilometer river 
segments a;e referred to as "Kms" throughout this report (airline kilometers are "kms"). Similarly. we 
indexed the reservoir shorelines (at standard water surface elevations) with one kilometer graduations, 
going counter-clockwise around each reservoir from the dam. We refer to these shoreline kilometers as 
"SKms." If we could not determine exactly which Knn (or 0.1 Km) an eagle occupied, we referr& to 
largsr. specific areas called "zones" several Knrs in Ien-oth (enmples are listed in Section ES Methods), 
Because the very large number of eagle visits to the irmediate nest area tend& to overshadow point 
scores at other locations, we weight& the scores of Kms closest to the nest according to the proponion 
of prey ebtainld there. 

The resulting graphs of eagle visitation5 show that certain kilometer segments were repeatedly attended 
by the eagles while other were rxeiy if ever visited, Somaimes there were extraneous reasons for 
the diffirences in visitation (e.g.. h u n m  disturbance). hut in general, the eagles were attracted t ~ ?  riffles 
arad other shallou water habitats in riverine settings, particularly super-rimes. Where ns6s were Located 
near reservoirs, the eagles used them heavily, sometima in preference to river sectionc. Outstanding 
perches, p m i c u l x i j  promontclry cfiffs, dso influenced &c distribution of wi&in ha"otat types 

Home Range and Habitat Setting. 8 u r  telemetry studies of adult movements detaild in Section B4 
allowed us to compare home ranga eagles of two pairs of eagles in each of thrw ddigerent habitat 
setrings: (1) a replat& @qpolirnnetic rekaseB river section adjacent to a raervoir (Bartietr and Blue 
Point); 121 fie-flowing river (Ladders and East Verde): and, (3) a fie-flowing river section entering a 
resenloir rHctrssshoe md Pina1;Finto). The similaities and dit'terences in home range parterns among 



the fnrw sets of telemeter& eagle% dlszussd below may be r e g a d d  s4as 3 anmure c-f the degree tca which 
the habilat difYerenca ~nfluencd tAc activities u f h e  eagles, 

, The brmc ranges ot &e Bwdcn (Section 
84.1) and Blue Point (Section 84.2) pairs were set in sinsiBar habitat, both containing a deep-reXeac 
r e ~ l a t d  river section below a reservoir fed by a regular4 reach. The most significant difference 
between the confipraticrns of .the tuo  h r d i n g  a r e a  was that the BartleE pair nested on a promontiiry 
cliff in riverine habitat while the Blue Point pair nested in a dry canyorm dmost 2 &m Pi-om the river 
channel. 

At  both brzdifing the major focus ctf rker  visitafic~n hq ahz rdin-tagged eagles uas in the vicinit! 
of fhe first farge cliff d o w n s t r m  of the darn (Figure A3.4-2). ?"hc BarPIett pair actually nzsrerl in this 
iocatlon, and the Blue Pc~int eagles had nested there prior to our stud). Suckers Mere gbundant in shaliov, 
rrverine habitat (especiaily riffles) at buth territorres. and the eagles often used the cliff as a launch point 
fijr attacks on the suckers. At Bartletr, a large super-riffle existed in the i m d i a t e  nest vlcinitj, and the 
only three Krns containing super-rii%eb received ite three highest visitation scores. At Rlue Point, there 
Bas aiiso a super-riftle in the Mm ui; grearest visitation 4Kxn 20). At both territories, the eaglcs traveled 
to areas several kilometers d s w n s t r w  to forage on suckers in earl! spring, "Dt as the zonec of optimum 
sucker spawning temperaturtss moved upstrem, tbe birds respond& accordingly. 

Both the Bartletr and Blue Point eagles perch& and foragd significantly in reservoir habitat: 51 percent 
of Ihe total weighted visitations by rhe Bartiett maie were on the raenroi r  and 59 percent of the B1u~ 
Point visitations (not weighted because the nest was off the river; see Sections B2 and E8 for explanation 
of weighting procedurej. At Blue Point, reservoir use was greatcqt in winter and late spring, whiis the 
Bartlett eagles used the reservoir during dl months of study. Our data show& that waterbirds (mainly 
coots and eared grebes) attracted the Blue Point adults to the reservoir in winter; we suspect that the same 
was true at Bartlett, although we did not study the use of Bartlett Reservoir in winter. In spring, the 
main inducement for eagle use of Saguaro and Bartlett reservoirs was the presence of carrion (or 
moribund) fish. mainly yellow bass ( S a p x o ) ,  black crappie (Bartlett), and Iargemoufh b a s  (both 
raervoirs). 

. Two other b r d i n g  area where slmilariries in home range might reflect the 
similaritim of setting were Ladders and East Verde, both situated on the free-Bowing Verde River far 
upstrearn of dhe dams and rservoirs (Sxtions B4.3 and B3.4). The nests of both pairs were pc~sitioned 
on cliffs overlooking the river; the Ladders nest was d i r ~ d y  over a super-rime, but the E m  Verde nest 
was 1 km away from the nearmt super-riffle Figure A3.4-3). Not surprisingly. the kilometer segment 
with the highat  weight& ~ i s i t a t i , ,~~  score at Ladders was the nest lOn iKnl 162). At E a t  Verde, the t w ~  
most visited K m  were those containing super-riffla ( K h  135 and 1361 closest to the nest iXrn 133). 
At both territories, the null hypothesis of rmdorn seiection by the eagles of K n s  containing super-ria& 
Gas strongly re-jectd by Chi-square (p < .@I and .Wa",a, 

Our data on the home range5 ~f Ladders md East Verde are probably nor sumparable because u,e radio- 
pnggd the adult male at one site Eas t  Verde) and the female at the other EaddersS. Houever, some 
similaritizs and di~erznces obtain&; for exampte, at both remitoris &the telemeter& adults traveled 
further tn forage in the early part of the nesting season &an they did later on (&is was d s o  true fijr 
riverine h a b i t z ~  at Bartlett and Blue Point). Both birds travel4 further tct obtain suckers, on average, 
&an for other species such as c q  and catfish. Perennlai trihutari~s o~curred at both Ladders [West 
C tex  Creek) and E a t  Vzrdt: (Fossil Creek md the E a t  Verde River). The E a t  Vesde rnde perc%rd 
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Figxre A3.4-2, Hctrnr: ranges of rile rariin-r,aggi;ci adult rnaie bald eagles at the Rasrlett an4 Bhcc Point 
breeding a r e s .  t'lsltation perccnzages in the Bartilt.; nest b-icmity $ h s  34 and 35: were ~ ~ e ~ g h t d  
according to the total prey delivzties to h e  nesr by 'bne male fsisrn those segments. We did fiat weight 
rhe Riide Poinr scores "nziustz the pair nested off-river, Open bars indicate cases where trackers cortld 
not precisely locate the eiqgies, and the doffed linw extending laterdly from those bars indi,-ate zones of 
eagle oczupmcy hs the imprecise I ~ ~ a t i ~ m ~  
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Flpise A3.4-3. H,~rmre ranges of radio-ragged balc! eagles at the Ladders and Enst Vesile breeding areas, 
LQslt;itrc)n ~ e ~ ~ e n t a g e s  xn ncsb vic~n~laena were ~velgn:& xcc~rdlng 10 pre! deliveries from thnie segment<. 
&@en bars indxafe ;ases where trackerb crlltdd 301 p r e ~ i ~ ~ " I y  Iocate ~ ! t :  eagles, and the d t m d  l i l ~ e ~  
extending laterail> kom ~hosi3 b z s  indi:at:: runes s~f  eaglc kzccupmcy for thfnz rmpre~ise locations. 



PART A: Po~r;~.~rrorz O t ~ n e ~ ~ w  A-R I 

md ftjragd irn both of the latter x~ibueastes, but oar datg shon fe\s/ risi'ratiuns Prt the Ladders femdc $43 
West Clear Creek. This digerence may reflect B;ne Isu nun~nb?rs ot surrahl5-5iz& ci4-1 in 'tdh-e~t C'Izar 
Creek, as evidcncecf by our fisheries ssurs9eys there in 1989 In >ears cf h~gBler flow, % cst Clear Creek 
might attract spawning ma< of suckers sar other fhtn and might ahus attract the. eagles. Tefemeterd 
sufradult eagies did use WwB Clear Creek isee Section h4'1, buggestlng b a t  food was a~ztiiable kPzynnJ 
the range of oar fisheries survegs, 

The Horsahoe [Section R4.5) and Pindipinto iSectior~ N4.61 
breeding arm both contain a free-flitwing r i ~ e r  seaion h a t  enters a resenoir (Figure A3.4-.ti, 'Fhe 
Horsmhoe nest was on a promontory diff c>verIooking the upstrmm end of Horseshoe Reservoir, bur the 
Binal nwt was sctme 10 Kxn (7 airline krn; upstream of Roosevelr Resenair, ,At Horsesh(is. we: raiiro- 
taggi=d both members of the adult pair (AF02 and AM03) who successfully bred in the years of stud!, 
(1987 and 1988), Ar Pinal, we telemeter& only the female tAFOl ); however, we tagged a secctrrd adult 
bald eagle, the Pinto female (AF03) who copulatd with AFOl-s mate CTMOI) md att8mpted 
unsuccessfullq- to nest within his (and AFOlLs) home range near the reservoir inflow. I h e  Pin& pair 
raised young in 1983 and 1981). but the nest failed during the early stage of the chick cycle in 1988 (set. 
Sections 63.2 md B4.221. 

?-he four telemeter& adults at Horseshoe, Ping. and Pinto chose the area of reservoir inflow as the 
prinliry focus of home rmge visitation mind foraging (see Figures B4.5-5, B4.64,  B4.5-9). For the 
Horseshoe adults and the Pinto female. the inflows were at or n e x  the i m d i a t e  nest areas. Even 
though the Horseshoe nest was near where the river enter& the resen-oir, tile use of the river was 
relatively Low: o d y  13.3 percent of total weight& visitations for the male and 15.1 percent f ~ r  the female 
(2.5% of the female's river visits were to the area downstream of Horseshoe dam). 

In 1987, the Pinal female clearly favored the raewoir ,  preferring the inflow area (see Section B3.6). 
Even though her nest was 7 airIine k6n distant, 61 percent of her total weighted visitation points were at 
the reservoir. By the following year. when a new female (the Pinto female) had establish& her territory 
just upstream of the inflow, AFOZ had virtually ceased to visit ~e reservoir. Her mate. TMO1, continued 
to travel to, perch, and forage at the inflow where he obtained most of the food delivered during our nest 
obsemations in 1989. Parenthetically, we obsesvd 47 prey items delivered to the n s t  that year, and, 
mazingly, all but one were delivered by the male. This extremely atjpicd distribtltion of foraging 
bemeen the sexes sugges& that the area from which AFOl was apparently excludd (F. Hein, field notes, 
Februiiry 1988) was far richer t'oraging habitat than the river sectiom h a t  remained within he: horn? 
range. 

The principal difference, herefore, between the home rangeh at Morseshc~r: and PinaS!Plnto appears to 
relate to nest place~nent. All five of the a d u k  were attract4 to the reservoir i n f l o ~ .  %%iie the 
Horseshoe pair and the Pinto femal? nested near the point of inf'iov,, the Pinal birds had to travel 7 k m  
tu reach it, As we also obsemeil ar Bartlett and Slue Point, the r s o u r c a  offered by the resenoirs 
in:lud& wintering waterbirds and carrion fish &tack cappie,  iargemou& bass. channel catfish, LlafPlead 
catfish). Most of these fish becarns available as a result of post-spauning die-offs and mgler-incIuccd 
mortality. 

Like the Bmlelt and Blue Point eagles, the t e l emete~d  birds at Horseshoe and f3inaliPinti> changed their 
patterns uf Rome rang2 use during tfie course of the nesting season. In winter. the Horseshoe md 
Pind'Pintcj adrnls dl tra\cl& d o w ~ 1 s t r e ~  20 the b d y  of the resemoir where h e  ~a te rS i tds  were 
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cormcentratgf~ By %$arch thej began foilsaging closer to haae n a t ,  perhaps hzcaprse of the reiaeiveip. l ~ 3 ~  
food rcyuisenenb,c of the young ahad &cir t.atlnerabilat> to prdantrs at this pnant of the chick cycle In 
Late April and May, the Horsahoe m J e  rang& hirgirter to forsge. Ths Find it&. though nc~t 
telemeter&, regularly traveled 7 km to the reservoir to forage in May 1989. 

A difference exist& between Horsashoe and Pin& 'Pinto ira the relative us* of siverine habitat Al&augh 
rhe Horseshoe eagles perch& and foraged almost enthrelj on the resera-uir (85% gperching and over 90% 
of prey deliveries>, the Pin& and Pinto females us& Ihe river more extemively, While this is not 
surprising for the Plnd bird (given &a nest location), it is significant tt? note &at 37 percent of &.he 

unweightd visitdt~ons of the Prnto femde, whose nest was at the inflow. were to the river upsrstjm of 
the rascwolr, 

Home Range S i z  and the Quetion of &bibElt Q~aIity,  fn c3ar aTtempt~ to stud) movement patlerns 
nithin the home rang= of the telemeter& eagles, we elirninatd records of soaring from the data set and 
concentrated on perching distributions and the gmgraphy of foraging events (see above, d s o  Sections R 2  
and E8). As the movement patterns emergdid. we realized that direct size comparisons of home ranges 
could not acconmodate the problem of deciding whar constituted the end points of a home range. Say, 
for exrunpie, a bird perchd once or twice at a point several kiiorneters beyond anj other perching or 
foraging location. If includd, that location would signili'icantb extend our estimate of a home range size 
on the basis of only a few observations. On the other hand, to assign "core areas" of, say, the central 
80 percent of visitation!: was arbitrary and would tend to overlook the potentially meaningfir1 instances 
of eagles traveling long distances to forage. To solve this problem, we measurd the distances in airline 
kilometers between the nest and the mid-point of each river kilometer segment or zone where the eagles 
perched andior foragd. We then multiplied each distance by the propoflion of visitations to that Km. 
The result was an estimate of the mean distance traveled by the eagle during the course of the nesting 
seBon to perch andior to forage, 

Another problem in comparing the territories is the possibility of a sex difference in home range use 
pattern. Of the nine telernetered adul& we tracked. five were males and four were females, In general, 
female raptors, being Iarger and therefore more dangerous to intruders, remain near the nest during the 
w l y  s t age  of the chick cycle to protect the young until they outgrow ravens and other potentid 
predators. However, once the female begins hunting, her horne range may equal or exceed that of the 
male. In Scotland, female E u r o p w  sparrowhawks generally displayed larger foraging ranges than those 
of the males (Newon 1979, p. 42-43]. 

At o d j  one territory, Horsestloe, were we able to obtain a direct sex comparison of movement b> 
tracking both members of the pair. The airline distances traveled from the nest to perching and foraging 
locations by the female (AF02j md the male iAh303) are shown in Figure A3.4-5. The travels of the 
mde  appear more extensive in the graph than those of the kmate, but the overalt difference is aetudly 
slight. ' f ie  male traveled a mean distance of 2.0 airline km while the femde moved f .9 km. This near 
pxiQ in mean zomut ing  range resulted from the female's tendency to perch more tiequently at the 
extremes of the horne range: the distance between her extreme perching locatiom was 10.9 airline km 
or 16 h, while the values for tke male were 9 3  km and 14 Kms Perhaps the feande's Xlirger size 
d1ou.d her greater boldness in entering the territories s f  neighboring eagles. 

In all, m o n g  the six radio-uggd eagles whu raised young when we were tracking them (and therefore 
had food demands mrl home ranges of "ni~rmaj" size), three wsrz m a l a  and three were f~rn;;ties~ The 



males t ra~eie~!  a mean ifisance r ~ f  3.5 airliffae km hcsm the nest to perch &id i ~ r  fixape, while hkac female.; 
mo\& 3.2 km. Nowever, in reviewtng the details, we believe this difference 8sxy be mitre % 

conseqtrence of siruationd ditzfererncc5 hervieen territories &an sex relard differences rn home range use. 
The ccrnsiderahfe movement hy the Ladders adult femaie bAFf4-f). whew ~ i z w e d  in the context 07 rlae 
foraying data we ohta ind  on but;? memberc of &e: pair- wa probably no: significantly Hess &xi that of 
her mate. Sirnifarfy, the Pinal female (AFOI), who in 6987 showed a higher mean distance aftravel &-om 
the nest thm any of &e males studid with telemetry, appears to have had a home range cc~rresponding 
PO that demonstrat& by visual observations of the male, This very small sample suggests similar home 
range size hetween the sexes, but ~ o l o g i c a l  fa'actc~rs %ere so diverse Rztween &E: breeding area ,swe 
\eendied &at, if a sex difcerence existed? iit uouid have hem imrmpossible to dernon5trate ihi~wever, see 
Bafilea home range analysis, below], 

Figure 43.4-6 shows &e patterns of visitations ftor &e six bredinp areas at which fhe eagles rdised yctung 
while we were srudying them. Kote $he reiativttlj larye mean distances traveled by the Pin&, BxtBetf, 
and Blue Point eagles to perch andlor forage, How do these obse~a t ions  correspond with the 
assumptions regarding large home raningcs given in the introduction to Seitian A3.4. Are the f a g ?  h ~ ~ n e  
ranges indicative of relatively poor habitat yualitfr near the nest? Eer us examine edch case, 
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Airline Distance From Nest 

emaie jAF.;2) Male ift%!E> 

F ~ p r e  A3,4-5, $ornpara%>n of alrlrn.: illstmLe.t.s ~m-i~eled from %he neat bg ah2 Hcarsesiasr pals to pperih and or 
farsye., 



%:i&w,slre A3.1-6, 4irline distarxes rra~zled from the nest by raa?it2-raggcd baid aagler 80 perch and'nr 
forage a; srx Przeding xzas 



X-86 Ecor oc;v OF N~.srr%c B a a  E.%GLES IN AMZCJMA 

I ~ r g e  Averggr Commuting 13ista~es 
Pinal . Figure 811.4-6  show^ &at the Ixge m a n  drstance trzi.~eied by E3-,e 12inal fz~a;ile r5.6 h a a r  resulted 
P 

krom her frequenl travels to the raervr~ir ,  r he  resemiw ~nfiow way abviat 7 anrline krn f~,>rn rhz I ~ G C ~  

During 2987, 51 perdent of AFUl's visimtiuns ware tra The raervoir (mean ~ lc r fab i~n  distarnce .= h 6 k~nr 
The fol8owing year, %hen rival female AFO3 see up a territory near L?e rtsesvoir inifoua. AFOI ceased 
visiting the reservalr, artJ her mean visiQblon distance shranic tc.i 2-3 km {AFOI did not raxse young that 
peas). The conclusion that the reservoir offered AFO1 better fcjraging opportunities than riverine habitm 
closer to the nest 1s sugpctrstd hy observational, data ssn her mate vM01) ia? spring 1983. Of 45 obwnjed 
prey dtIiveries, 30 items (tiCi% of ttttd biomass) bere k~ovvn to he obtain& on the raervols, 7 tjn thz 
rnver, and 8 %ere OE u n k n ~ ~ n  c~rigin. AS we have s a d .  %e  recorded atonl> one p r q  Jzll\ery by hF81 
&:it 5 ear, and shi. was nor knovb.rs to visi? the reserbnrr. 

Sinci: thi: rc~ervirir was a a m  focus of foraging b j  rhe Pind pair, we must question why they nested 
so far away (Assumption Yo. 2). The most obvious abtrihute (if the Pinal nest cliffs is their relatively 
high security compared wirh my substrate closer to the reservoir, These substrates include trees In the 
Mddier  Point area which are fat more subject to human disturbance, a~cl "'Red Cliffs" iKm 101 b which 
are relatively smaII, :omposed of sand, md have no apparent nesting ddges. Also, the presenze of other. 
eagles in tale Cmpaign Bay area during winter and early spring which might result in greater numbers 
of territorial encounters were the nest closer to the resenroir, Whzther or not the PinaI eagles have had 
a history of disagreeable encounters with pmpit: or other eagles is r r h u w n .  

%'e speculate that, at Pin&, suirahle nesting substrate and prime foraging habitat were not as cicfse 
together as they were at other territories such as Horseshoe and 1,adders. The large home range resulted 
from the fact that optimum nesting and foraging places were at least 7 km apart. However. we note a 
similarity in the home range of the Bmlett male who also traveid a considerable distance to forage on 

nest. carrion in the reservoir despite food apparently being availablz nearer th, 

Bartle~.  The Bartlea male (AMW) travel& some 8 or 9 h to perch and forage on cliffs at the u p s t r a n  
end of the reservoir. He also f r q u e n t d  the darn area (4 kril from the nest) where he hunted the open 
water of Bartlert Reservoir. Tnese trips to the reservoir were the main contributors to his high mean 
visitation score of 4.4 km. 

As already mentioned, AMW's home range included a deep-releae rebwlated river reach and a reservoir. 
Unlike Pinal, a considerable proportion of the total food came from riverine habitat in the nest vicinity. 
Fifty-four percent of delivered prey items (55% of total biomass) came from the river, 33 percent (28% 
biomass) from thz reservoir, and 13 percent (16% biomass) were from unknown habitat. Although we 
judge that the BmleE nest w ; ~  located on the only suitahie cliff in the rmge o f  the faartlett Pair (there 
are a few trees downstream of the dm,, b e  camot make the case that the large mem visitarion distance 
valale result4 from an unfavorable juxtaposition of &ifhe nest and prime foraging habitat. Prey appeared 
@e? us) numerous and vxlnerable near the nest. 

Home range use at BartBett 1s &erefort: p u ~ ~ l i n g  ~ Z Z S ; U S ~ ,  despite h e  prolong4 availability of sucker5 
irm the i m d i a t e  nesr vicinity {Km 34.5 riffle) and other nearh: riverim areas. the male tsavi;id far and 
frequently to the resencur, Two possible explanations for this behavior ase (1) that suckers (in rib-er 
habitat only) were less available durlng iefiain periods, and ( 2 )  &at more bietmaiss could be obtained if 
the female hurnrd suckers near rhr nest uhile the mde foraged elsewhere. 



The Bir.;n p~,ssihilitg. is not suppc~rtd by the evidence given In Tabies B4.H-1,2,3, or 4 Srickers 
c_.~lmpriwd rdt least half the diet during dzlaost AX of the tenilaq study periods in both years, and, in 
gener-ai, they %*err;" taken as cornnod> in tilt: second half of the cycle as the first. 

The secrmd possibilit) is more plausible. At BartletP, suckers were taken o d y  in the river, wltile Hack 
crappiz and moat other percifoms werc obbined only in the reservoir. Prey deliveries %ere often 
ahzrcforc: m indicator of habitat use even without telemetry.) Although %here was no diEeren;e in sucker 
u\;e hv the male and female in 1988 165% and 67% of biomass deliverdi, there waq an apparent 
4ifferen;r: in 1989 when the male brought 53 percent suckers @iomass] and the femaie hrought 81 
percent. suggesting a greater use of the river by the female. In 1988, tfie male delivered 7 percent btack 
c r a l ~ p i ~ b i o m a s )  and 9 percent other percitl~rm5 uhile the female brought no crappie and 8 percent orher 
perciforms, In 1989- the male deliver& 12 percent crappie and 15 percent percifoms while the female 
brctught 3 percent crappie and I percent perciforms. T h a e  data strongly suggest that the male foraged 
on the reservoir rnore extensively than the female. Perhaps in situations where prime foraging areas exist 
in the immediate vicinity of the nest (as is the case at Bartlett and possibly at Pind), it is advantage~us 
for the fernde to forage there and tie male to travel elsewhere (see also Horseshoe, Figure 43.4-5). 

Ther~.  are, of course, other conceivable explanations for high use of the rcqervoir by the male, including 
the possibility that dietary variation is needed to satlsfq nutritional requirements (i.e., suckers alone do 
not form a complete diet). Such considerations are outside our scope of knowldge, but we have 
observed that suckers were overwhelmingly preponderant among the riverine foragbs. In 168 river prey 
deliver& b? the mate. 79 percent were suckers, 7 percent were probably suckers, and only 14 percent 
were of other species. Further, it may simply be that the 9 km trips to the upper reservoir were 
necessary because suckers were not as available to eagles throughout the season as they appzard to us 
to be. 

Blue Point. The rather large mean distance the Blue Point male (AMOI) travel& from the n s t  t3.7 fcm) 
 result^ mainly from the fact that the nest was located nearly 2 airline km from water. Therefore. there 
was no possibility of foraging nm the nest, and c o m u t i n g  to the river or the reservoir involved 
considerable travel. The Blue Point rnale used both the river and the resewoir extensively (see Figure 
A3.4-2; pataerns of use are discussed above in Section A3.4.3) 

Lnlike Pind and Bartlert, nesting locations appear to he rnore widely distributed in the known home range 
of the Blue Point pair. A cliff nest, used in 1985, exists at Km 20.5 (Bulldog Cliffs) direaly above the 
most frequently used foraging site in the breeding area (riverine Krn 30): it overlooks the iower portion 
of the resenrctir as well. T h e e  are several other apparently suitable cliffs along the river, one of which 
was used in 1989. Bald eagles also nested in live cottonwood trees 10 river ECrn downstrearxl. dthough 
these may have been rhe recencly4iscovered Qrme pair, Excluding these quesrionahle outliers, Table 
A3.3-1 shows that the array of nests used by the Blue Point eag l s  is rnore dif'tiuse than dfiose exhibit& 
by the other five pairs in our studid sample. The extreme distance betwxn nests at Blue Point is 3.3 k;an 

compar~f  to a mean of 2. f km for the 0th2r pairs (range 1.2-2.9 km). The reason why the Blue Point 
pair nested in a dry canyon far from water, necessitating long c o m u t e s  to forage, is unclear, but 
possibly relates either to the large amount of human disturbance along the river, or, Iws likely, to 
ct,mpet:tiritan ~ i t h  the Orme Pair which nests about 15 Km dirwn(; t rm of Stewart Mountain Dam. 
Peregrines $so nest in the Blue Point vicinity and n a y  harass the eagta.  



Table A3 4-1, X B I Q B M ~ ~ T  and d i s t s ibu t i~~  of ass% kknis%w to have heen ozcspizd during 1970 1989 rn SIX 

bald eagle brdiaag area\ 

Y a s  of Suanber o f  Extreme Distance 
Occupancy Sests I isd  Between Nmts (RE?) 

Ladders 15 5 2,9 

East Verde 15 3 1.7 

* 3 additional nests duvtinsttesrn (ca. km. 10) unused since the 1970s possibly belong tc, the Onke pair 

We thought it interesting to compare (Figure A3.3-7) the distances traveled by the Blue Point male from 
the nest he actually used in N7illow Springs Canyon (Canyon Kest'i with distanca he might have travel& 
if he had nest& on Bulldog Cliffs (Bulldog h'mt). In the latrer case, the mean distmce travel& from &e 
n s t  would have been reduced from 3.7 km to 2.4 airline h, a figure comparablt: to those calculated for 
territories with relatively small mean home ranges. 

Small Average Commuting Dlsbnces 
Horseshoe, The home ranges of the Horseshoe pair (both adults were radio-taggd) were arnong the 
smallest in our sample (Figure A3.44). The female traveled a mean distance of only 1.9 km from the 
nest while the male moved an average of 2.0 km (Figure ,43.41). As in Bartlett md  Ladders, a prime 
foraging area existed in the nest vicinity. The Horseshoe nest ciiff overlooked the rssewoir inflow area 
(lacustrine daring our stud) but rivcrine ira some otfter years). Like Pind, carrion fish a c c u m l a t d  in 
the rwenivir inflow, and the eagles ctbtaind a high propoxzion of their food there. Tne pair also visit& 
other p a m  of the reservoir where the> took mainly carrion fish, The eagles were apparentiy not disposed 
t ~ w z r d  extensive exploitation of riverime habitars, even &@ugh they nested qulte atcar them; riverine 
habitars receivd only about 15 percent of totill visitations hg the pair. 

Kest site availability appear& to be rstricted mainly to ehe area around &fie currently used cliffs. In the 
past, &e Horseshoe pair ha< nested in eight difzferent rmatbtrai l iacat~~ns in this area. the distance hetvlzen 
excreme 30cktions being about 2.2 krn ("Table A3 4-1). Thus, the Horseshoe territory esempliflrc5 &e 
situat~on in which the nest site md ehe principd ft2raging area are congruent, This Eomitctus conJitii7w 
dew not mie out &ia possibilitj &a$ pre: is r s d i l j  available dqr~mghuut the E.iome: rarige of the pair. 



East. Verde, Ira comparing the mean disQtances traveled from &c nest hq radio-tagged adulcs, B e  were 
surprisd b j  thc relatively low value 62.3 km) derncsnstratd by the East Verde male (,4M02), s;,iprsidil 
in view of his long4ist;mce movemen& (up to 15,9 km) to Ifae East Verdr: Rive1 in ,April. Although a 
significant amount of food deriv& from upper sections of the East Verde River, the overdl numbers of 
visitations there were relatively few, %specially after &e end of April rsec Section B4.4). The 
overwhelming majoriq of perching a d  foraging foci tvere in maimtern Kms containing super-riffles 
fairly close to the nest (i.e,, Kms 135 m d  236). 

Does &e s m J l  average visitation score at East Verde indicate that hahicats near the nest werc relative!) 
rich in food cornpar& to riverine conditions at Brutlea or Pinal (from which eagles made more length] 
ctjmmutes)? It, should be noted that the histor! of nmt success at East Verde is m o n g  the highest of all 
breding area in Arizona (see S ~ t i o n  C2.5). Jt has a relatively high number of super-rimes within a 
f c ~  km of the n s t ,  and AM01 expisit& all three of the major riverine prey species: suckers, carp, and 
catfish. (Ri~rerine habitats at Bartlett contain rnainfj suckers. while Pinaf lacks suckers and has Iess 
sfidlow water hahitat near the nest.) 
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L Canyor: Nest i .-- Buii Bog Nest 

F1guz-e A3.4-7. Cowanma of commutmg d~stances i i u n  the off-nter nzst used 0) t h t  Blue Pomt adula male 
b u n g  oar study / b y o n  NestB, with h e  d~stances he wolnld ha\e t r a ~ e l d  ~f he had ncstd urn the rnven. {BuliJog 
hest) $I. he dld rn 1985. Tke use of Bullditp Cllffq would have r q u ~ r e d  far Bas rraxei ci. fomgl;ng site.!?,.,. 



[,adder%, -f ie telemeter& Ea~lders female (AFBji sh{wed a rather smdl  meaw viitatictn score i 2  0)-  
ra~aiing &a$ observed ar Efttrs&\iarje The extrema of her rzage 113 km a p m ,  were &so reiativela \malX, 
again suggmting that hahitat waq rich enough in the nest viciniti, rn supply need& fond, huh 4 2  dil n ~ r t  
know if her mate traveled more extensiveiy. Like Ease Verde, super-rifilzs were common within a shena 
distmce of the aest and all three major prej spec~m $ S U C ~ ~ H S ,  carp, md atfish) ~nntributtrd signit<cantft, 
to the diet, in terms of pmduitivity and nest success, Ladders rankc seventh m v n g  b e  26 breeding areas 
knctwn in Rrkona 

Cornmuling Disbnees of Eagles W h t ~ e  N e t s  Failcb. h r  data on the movements of radio-lagged 
adufrs include two c ~ e s  in which we intensively trd;ked eagles viAu Pdiled to raisf: young during the 
seasissl of ssud j :  CBitf in 1989 and Pinto in 1988 md 1989. Figure A3.4-8 shows the visitation sc~xcc 
arrayed according to distance travel& from the nest. 

Cliff. In 1989, rfie Ctifi- pair laid three: eggs: onJy one hatched, but the chick died within rme week 
With no young to fed. foraging requiremen% were greatly reduced ' 1 % ~  radio-taggd male (AM%) 
perched md fc%ragd mainly in the nest F;m uhich happen& n, contain a super-rifile in view <.if rhc n i x  

;!iff (Figure A3.4-9). His mean visitation distance of 0,7 h was Ik6 smallest cornput& anaong our 
sample of radio-tagged adults, far less than half the vjlue display& ifby  the Horseshoe femde (AF02) 
whose mean range of f .9 km was the smaflest of the successful eagles we studied. A M M  also 
demonstratd rfie smallest overall perching range (distance between extreme perches). Apparently. during 
the February through Ma?; tracking period, AM06 did not visit Horseshoe reservoir, locared ordy about 
5 krn from the nest. Possible expIanations include: (1 )  the riskiness of encounters with the Horseshoe 
pair, and (2) the presence of rich habitat in the nest vicinity including several super-riffles and a 
conspicuous abundance of carp. However, black crappie were found in prey remains from the previous 
yea ,  suggesting use of the reser~~oir  md  a lager  home range when young were present. 

Pinto, It is probably unreasonable to compare the home range of the Pinto female (AF03) with other 
eagl& because her "mate," TMO1, was a member of an establishd pair nsr ing nearly 7 km away. She 
w a ~  unable to hatch her eggs because the male would not provision her or share intubation duties. 
However, her home range was comparable in size to those at Horseshoe and Ladders in both mean and 
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Figure 2%3.11.-9, H ~ m e  rsngss of radio-tagged btaal eagles at the C:iE and Pinto breedizg areas 
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di3:ied lines extend12g :atit:diilv horn thore bars iniiicare zones iai eagii uxcpanc?  for the irnprxis: 
l t~ :~~lon\  



maximum range, Os~e of t%le pntbable rcasiws whg $he perched and furdged 80 much more svidel.; than 
the Cliff mslle (who also Filled to proc"irs;e young m k h 2  y e s  of smd-r;! %fa rrhat shc laid eggs and 
nwcubatclrf &ern fax weeks wx-ithetant relief or prdpvi~i~~gi. Shd thus ~ni '~irra< a Pax h i g t ~ e ~  phqsiodr~gicd COST 

rhao the Cliff male, 

The Pinti? femde's nest via? near the i ~ i l o w  i ~ t  Rovseveft Resemoir, juxtaposed simi8arl.; to Horseshije, 
vet 337 percent of her v i s i t a t i ~ ~ s  were to the river, tompard with 15 percent for both H~~rseshc.ie 
adults. That the inflow area was good hahicat wlih confirm& by h e  Pind male's frequent visits &?re and 
by the Pind female's use of the s e a  the year before the arrivai of the Pinro female, It is clear that she 
used tfie river szzt~ora betweern the inflow and the da\ersi?;~n d m  r n ~ 8 i . r ; :  ~ommonly &m either tlf the Pindl 
aJu!tS, 

Other Factom Affwting Home &age. Tna addirion to the Influence of rjvcrine shallows md reservoir 
irrf?ovvs, other factors exert an influence vn hone range distribution, Figures ts,43.4-10 md A3.4-l l  
suggest &at eagles tend to visit those river and shoreline kilometers which offer the hest perches and the 
highest ievets of is~tlat,tron from humm drcb~rbance. The tenden2y of eagles to perch along reservoir 
slnrjrelines :,<hound& by shallow water is inconsistent in Figure A3,3-1 B and prcibabl?; relate\ to &e high 
prop~>rrloxl of carrion in thc diets of mgla foraging on reservoirs. 

Influence of Forages for MttrnmaIs on Nome Range ISstirnattts. Our e s t i m a t ~  of bdd eagle home 
rang&< in this study are essentially linear because virtually $1 eagle perching and foraging activity 
occurred along rivers or reservoir shorelines, Alfhough the eagies wc studied rarely perched f x  t i o n  
water, they ofterr soared over land. posing thc question: to what exrent were these flights rekited to prey 
acquisition? 

Although the bald eagles occasionally foragd off-river, usually on mammals or m al carrion, Table 
A3.4-2 shows that the majority of these forages were fairly close to tfie river and would not appreciably 
influence our estimats of visitation!foraging rmge. Of 737 prey items delivered, there were only 32 
mammalian items (4.3%), and at least 21 of these (&pic) were obtain& within sight of the river. 

h3.4.4 Adult &governen& Outside the Breeding Areas 
From our data on radio-taggd adults, as well as obsen~ations ar other breding arms, we found no 
evidence that adult bald eagles leave the state. On the contrary, most paired adults a p p a r d  ro remain 
within their nesting areas year-round. However, we did record movements out of the breding area, at 
four sites, The Cliff male CAM%) venmrd slightly east and north of his territory in I988 and 1989, 
roosting in the Mazatzal Mountains and perching along the 's'erds River upstram of Horseshoe 
Rsenroir . 

fa a lengtf-rier movement, &e BIuc Point maie (,4M01) twice traveled en Tremaine Lake un the ftlogvllon 
Rim just after nesxi6tg in 1988. He was in his territory at S a p a r o  Reservoir on 26; Ma:, hut wh: J ~ t ~ i t d  
rmd saw) him 135 h north at P remal~e  Lake OE 2 June and 9 June, He had re&rnd xto Sagnxo 
R e s e ~ o i r  by 20 June bur w a  agaln in tfie Tremaine Lake area hp 8 Julj. On 24 July, Ae was soaring 
just south uf Bartlert Rsewoi r ,  m d  rtn 26 duly we found him $a& on Sawarr.r Resemnlr. 

7%e ahird incident involved the Pinto female (AF03 I who copulated and i o n ~ t m ~ t d  a nest with ~ r '  Pinal 
nmde {the mate of AFOI), bank did not Ba! eggs in 1988. AF03 disappear& in %ate %bay 1988, and \srs did 
not see her ozr receive her signal until 4 October 1'988, This seven-veza3id eagIe had appxentll left &e 
Sdt  anad Verde drainage, as we were unable to detect her signal during our aerial s u n q s .  4F03 
a%c<upied her tertitnr? in 1989, cippuiatd wi& the Pinal male, and daid eggis) 
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a Baptle~ and Blue Point 
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Ladders 

Figure A3.3 - IQ,  Eagle activity at river kilc~meters i'ICmj and the distrihutirsn of perches and habitat 
isofat& from human diseurbmce at three breeding areas where we smdies the rnvvsmzrats uf nesting adult 
baid eagles with radio te lemetq.  Eagle aztivirj ~ a i u c \  bere derived from standard visitati~n scores ti? 

each river (see Figure A3.4-131, 
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Flnadlk, $32  Bafllett adult mda  {AMMI, presrnr in his cerrrtcarj on 14 Jn1y 1988, was absen~ ~ U T ~ Y I ~  

a i ~ l a n e  suweys on 29, 30 July and 6 August. but had rermr~led by 10 August. We failed to litcate ?aim 
ina aivlane telemetry searches on kfre Sdr and %'erde rlvers and the Mogo11on platzau during &is perii~d. 

&3,4.5 Discussion 
In Section A3 4.3 we showed that patPcmr of home r a g e  use and prey seleztic~n were somewhat $imi%dr 
within each of three settings. By comparing distances traveled from the nest b! the radio-taggd eagia  
ro perch mind fixage (Section A3.4.31, we were 3bIc to shed h ~ e r  light on consideration5 ctf habitat 
ssiection. 

The first was the signiijcance of super-riffles in attracting fctraging eagles, Our resulu show that at the 
only three h r d i n g  areas where nests overlookd super-rimes (Ladders, Bartlett, and Cliff), the nest area 
was the primary focus of riverine foraging. At East Verde, where there were 110 super-rifflzs in tire 
imed ia te  nest v i~ini t ) ,  the main f ~ ; i  of visitation were in the two nearest Ejns containing super-riffles. 

The second consideration Is that reservoirs dsc) strongly influent4 home range parterns, Jn five caes  
where nests were near resewuirs (Bmlett, Blue Point, Horseshoe, Pind. and Pinto). the eagles visited 
the r&senroirs as much or more than riverine habitats, and obtained significant proportions of their totai" 
prey biomss  from the reservoirs. Eagles were especially attracted to inflow are&< at three of the four 
reservoirs, The Pin& and Bartletr eaglm traveled considerable distances to perch and thrage at or near 
reservoir inflow areas (7 md 9 km, respectively). In 1987 md 1988, the cliff nests of the Horseshoe pair 
directly overfooked the inflow a r e a  where the mqority of forages occurred. 

As for the three predictions made in the introduction of this section (A3.41, we point to several Iines of 
evidence indicating that neither nesting substrate nor foraging habitat was homogenmusdy distributd 
along the water courses we studid.  First is the fact that the locations of nests and prirne 
pcrcbingiforaging areas were sometimes distant from one mother Pinal, Blue Point, East Verdej. 
However, in some cases Pinal, Blue Point), the separation of nest sites from major foraging locations 
might have result& not from the lack of suitable substrate in foraging areas but from avoidance of human 
disturbance c-tr other bald eagles. 

In three cases where nests and prime foraging areas were co-locat& Pnttlett, Horseshoe, and Cliff), the 
nests were situated on the only substmtial diff within the home range of the pair, m d  all three pairs 
fiequentIy foraged near the nest. This s u g g a ~  that good fcraging locations might have been common 
along the water wurszs. Howet-tr, the foraging sites near these nests were either super-rifiles partlett 
and Cliff) ctr reservoir i n f l o ~  habitat @orseshoe), and these habitas were not homogcna2usly J i ~ t r i h u t d ~  
At a fourth bredin! area, Ladders, several potentid cliff sites were available; two of them occupied 
during our srudy overlook& super-riR3e. 

fin all^, heterogeneity of foraging habitat disrrSution was indi;art?rf by the m a k d  scattering of visitarinn 
fctci (rather than a bell-shapd distrihueion) at all but one productive territory, The exceprion was 
Horseshoe, whcre the female. and to a l a se r  exrent. the male, fcjragd and perched in more or less 
decrming treyuensy with d is tace  frnm &me nest (in both ifirectio~4j. Tne Horseshoe female w a  the o d y  
radio-taggd adult to ,how a mmezurahie r-value in linear regression sf visitation eeyuency with distance 
from the nest. This ohsenlation, foge6her with the small mean md mainmum range scores, s u g g a b  that 
h-8~ location ae which tRr free-Aow ing "v'erde River ent6h-s Horsraha,l Reservoir, dominated by a high cliff 



$4 i& s~iBst~.;it~ for at least tuis Aternate nests, 1s a particularly rich iaahltat mong  the breeding areiic B e  
~kadied ~~41th tciernetq. f t  may be no coin~ldenct: &at the Salt Arm of Ro~sevelt Rsewoir ,  a L I ~ I ; ~ S  

free-flowing inflow habitat, supgarb twcn bald eagle territories and is fiequentd by wintering eaglzs as. 
%ell, 

M - 5  HABITAT ,klrL> NETIXG SGCCFSS 

Bald eagle nesting habitat in Xrkona is not only physiographicdfy diverse, hut there is also considerable 
irreg~tlarity from year t6ej year lrin flow rlgirnes, reservoir elevations, and mbienr air remperatur&s. 70 
test the effects of these spacial and temporal variationc on the nesting success of bald eagles, ue 
assernbied data on 13 breding areas where there was sufficient duration of occupancy for statistical 
comparison (rr =. 186 nzsting'yas since 19"%21, The territories Re cornpard includtxl Bartiez. Blue 
Point, Canyon, Cibecue, East Verde, Fort Mcnowell, Norse Mesa, Horsesfioe, Ladders, Lone Pine, 
PinaI, "76," and Rdmond. We chose yearly success rate (success.fuf yearstyears occupied) as the 
dependent variablz, and cornpard these values to the following variables (all but the !a t  four were site- 
speciiii.): 

1. Nest elevation above sea Ievef; 
2, Mean river flows in Februruy, March. April, and hlay: 
3. Mi~limurn and maimurn spring flows; 
4, Mem reservoir elevations in February, March, April, and May; 
5. Human disturbance index ( 1  = low, 2 = moderate, 3 = high); 
6. Minimum air temperahlres in January and February; 
7. Maximum air temperatures in March, April, and May; 
8. Rainfaii measurd at Phoenix in January, Febmarp, March, April, and May; 
9. Total yearly rainfall. 

Statistical tests included discriminant function analysis and Chi-Square statistics to test for independence 
between succasful and unsuccasful site/years for each variable examined. Like Waywood and Ohmart 
(19831, who also tested a number of these vxiables (and others as well) against nest success, we found 
no significant relationships. Remember, as described in Section A2, that we d s o  found no significant 
difference in success rates between eagles nesting in trees and those using cliffs. These data are on tlle 
(computer disk) at Che Arkona Projects Office of the Bureau of Reclanation. 

We also c o n p a r d  success rates md productivity with habitat settings currently used by nesting bald 
eagles in Arizona, including: (l) r e ~ i a t d  river habitat (without nearby resemoirs); (2) r e p i a t d  rivers 
and reserv~,irs; 13) reservoirs only: (4) free-flowing rivers and reservoirs; (5) free-flowing rivers only; 
and, (6) free-flowing creeks. For this comparison, we used all breeding a r e a  (n = 21) which 
suzcessfitily tledgd at least one young since 1980. This avoid& the bias of possibly including infertile 
pairs, or pairs which did not fledge young for reasons unreiatd to habitat qualitj. However, this may 
haye created its own bias by removing pairs which may not be able to produce young due to prey base 
or other habitat deficiencia. We chose whar we comidered Che lesser of the two biases (but see Section 
C"6,5-5 for both compaisonsj. 

For the 21 brzding areas successfull) flzdging at Imt one young since 1980, r e m l a t d  rivers ranked 
as the most productive habitat. having been successfirl in 78 percent of ymrs, with a mean of 1 3  young 
per b e a r  ;arTigure A3.5-I). fa cross-ubulariun Chi-Squara b e t w ~ n  brood size vducs for the six habitats, 
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Figure A3.5-1. Aquatic babitat types ranked by the producti\pity and nest success of .S-iwna bald eagle b r d i n g  
area  succmshtly fledging at least one young since 1980, 

no significant difference emerged. However, comparing success rates (successes versus h i l u r a j ,  
significant \dues  were obtain& in four cases. E\;ets on regular& rivers and on free-flowing creeks were 
significantly more successful than nests on f r~ - f lowing  rivers or r e ~ l a t e d  rivers with resemoirs present 
(Table A3.5-1). 

By lumping h a h i t a ~ ~  within the six categories, we cornpareif reproductive ped-ormance between 12 
breding arcas in which habitas were ztifizially altered mabitats f ,2,3, md 4) and nine on natural 
streams itjabi"iaa 5 and 6) .  In hahitat dtered by dam construzti~n, 134 young were prc2dui.d at 12 sites 
in 222 nest-years, fc9r a mean ctf 1.1 >oung. In "naturd" habitats, the eagles producd 993 young at 9 
sirex in 92 c~ccupid nest-yws, for a mem ce,f 1.0 young. The digerencf: in nesting success between 
altered and unalterd habitat w a  not significant (nor was a cornpasison using d1 28 breding areas for 
ail y w s  since discovery: see Sectron Cf .f;.S'B. 

We dso c o m p z d  reproductive succesz in breeding areas along l f id  fierde River with those on the Salt 
River. The Verde river s q s t m  ranked t'arst, wi& e~ght  breeding areas producing 120 eaglets in 107 yexs 
of nesx oczupancy, tor a mean of %,I young. On the Sdit drainage, there were 18 bredding 2 ~ ~ x 5  

pmdaacing 9' ragSas ia% 94 nest-)ars, for a man caf 1 O pg>ung pcr o;zugi& nest, The difference was 
no! significant 





,U,6 FACTCjR-S IJtim,EESCING BAHS) EAGLE C tXNG CAPACITY IY T E  SOLv,"iTIMeF_CC6Tr 

We: sought during Bfnis stud) t o  bind phq'si~al and biotic sinmailaritic~ herween success.titi breeding territor~e's 
!hat would a41ow us to e\ aluate thz suiQbi1it.i of other river systems in the souxhu;esb as porealtid bald 
eagle nesting hahitac, T B ~  this wa? we cou!d estlmatc: casrqiaaf; capacitj "ior a breeding population &at 
might be cspectd to expand into currently unoccbtpid habitat. Also, suzh an evaluation would provide 
guidelines around which potential habitat couid he manag4 in behalf of eagles. 

As is zviiiencwS throwhour &is reporb, we found great vxiation in ft>raging habitat, prey selection, miH 
choice of nat ing substrate. The h e r  includd cliEs, pimacIes, trees7 and snag$, lill o f  which sh~twed 
ccmsiderahie size diversrty. 4 plasticity of nest site selection w a  further suggest& h t  the presence of 
often diverse dternatc: ness  in dl but one breGding area. Isolation from large ground predators and 
isolation from exc~ssive human dishmrbmce appear& to he a c o m o n  ftatnre, but we were &le to enter 
at least two nests without anificial aid. 

However, all nests were elevated to some extent, and in ctur air surveys of the surrt~undings of rivers ai?d 
resenioirs, considerable gaps in tfie distribution of  hat we intuitively eictjned a suitable nesting substra~e 
vrere evident, For example. the regulatd reach between the Bartlett breeding area and Fort hf:Do.itell 
appear4 devoid of potential nesting Iacarions, even though we .judged that it offered adequate foraging 
opportunitim for additional pairs. In sum, it is difacult to broadly assess the su i~b i l i ty  of unoccupied 
breding habitat on the basis of nesting substrate qudity. m a t  we can sa> is &at, before the loss of the 
riparian forests and the increase of human activities along the rivers, there were likely many more places 
to nest tfian there are now, epecidly in areas without much physiographic relief. 

Variation in prey aklailability Miithin b r d i n g  areas may be a requisite of serviceable breding locations 
for bald *eagles in Arizona. Viewing the prey selection diagrams shown in Figure A3.14 ,  it is clear that 
each pair of eagles from which we obtained a good sample of prey remains (andior prey delivery 
obse~at ions)  foraged on a wide v a r i e ~  of prey types. The distribution within each sampled diet (where 
N > 10) was never skewed toward a single taxon (say, 90% catfish and 10% dl sther taxa). If 
mming, the diagrams underestimated the degree of dietar)- diversity by the lumping some of the 
taonomic groups. We view aIL this as circumstantial evidence that prey diversity is essentid to nating 
bald eagles, 

Differences in prey availability within a breding area stern partly from habitat heterogeneity (e.g, rives 
and reservoir) and prir;ly from differences in the timing of prey availability (e.g. spawning cyzt~?) .  The 
timing aspect was repeated15 shown in our data from the seves, breeding areas we studied cfin detail. 
EagIa t e n d 4  to switch during the nesting cycle from crne species to another as each bzcarnt: more 
available or less available ifor exampie, see Section B4,2 for prey selection by 9hz Blue Point ~ndife). 

1-ariation in the tinling of preg availability tznds ta widen the tot$ period in which eagies can obtain 
food, The temperature diflerentid dong a r e ~ l a r d  river fed by a 2a>polimetii: release may great{> 
increase the period of sucker spawning rsectiom A3.2.1. B4.1 and R4.21, and the presence r_rC t r ibumia  
ma? have a sirnil8 eeffet. Suckers on a &*-fiiiwing river withjut a tributary may he minerable to 
eagles for a rdativelj short period when water temperakrs  warm to those optinlum for spawning. 
Afterwards, when temperatures e x c d  those for sucker spawning, other species must already be available 
a?r become available in their turn, bezause f ~ r  a breding s e a  tu be semiceahie qi.e., potisrial for ~u;cess 



~utweig!.ts rrhk (I! ia:iestment), yrcy sukkrent et, l e d  %an eagle h i l q  must be available rdzr~~uphortr the 
breetjing icawlxl. 

"1-he environmzntaf sztting of a bald eagle b s d i n g  area ubvictusiy influences prey diversir). ,4 T Z ~ ~ T ~ O I P  

supportjng k t  warm water bihheq offers ci)nsiderable vaiation in prey (carp, catt"isfa, md perciforrns) zls 

do rerritiixies which conrain both riverine and lacustrine habitats. S t r m s  and reservoirs tC)r> cool to 
support prpt fish diversit! may explain the current scarcity af nesting agleq around headwaters and on 
the hltrgollon Plateau, Rearing on h i s  discussion is that several successful pairs (e,g.. Canyon, "76," 
Ash) arc: on creeks \s here one might expect jess prey diversity thm is available on rivers, but our sampicq 
and knowledge of rhose pairs are insufticlent tv draw conclusions. W e n  spring rains or excwslve snoHf 
mxlnff m:rca_ct. flow and turbidit>, a is prone to happen 012 &ee-flowing reaches in son~ti years, the 
availabilit_c of prey species whose kxlnerabilit) is u n a f f ~ t d  (e.g., m a m d s )  is likely significant. Our 
data suggest that the occurrence of hydrologic feahrres ie.g. super-rimes) whi& mainbin shdlow Eater 
habitat even at high flows probably Punction as importminr component5 of serviceable breding locations. 

In considering carrying capacity and management strategies for other southwestern river systems, our 
work suggests &at the feahrres of bald eagle habitat that render it suitable for brediling include: (I  r 
nesting substrate offering security from large prdators and humm disturbance; and, ( 2 )  two or more of 
the follov~ing fish tma oczurting in substantid numbers: carp, suckers (spp.), catfish ispp.),, and 
perciformi (the latter in reservoirs]. Factors which appear to strongly increase habitat quaiit?; include: 
(3) resenoirs supporting warm water fisheries; (4) reservoir inflow area:  and, 15) super-rimes. 



A-102 Ecnr.oc;~ or: Kesntua BALD EAGLES IN AKIZOKA 

The natural history md demography of Arkona'r bald eagle pi,pu8atiurn i~ bsi2e.r undcrstc,ctd than rn,nn) 
I3aa exist on n c s  O C C U ~ ~ C ~ ,  produi'tivity. and brood survival to the point of Edging.. there h b  
been a f;,cus on the factors that srrppofi and &reaten rhe breeding pairs and thc"i~ broods1 However, after 
y u n g  eagia Bldge they become relarivel? invisible ti-: se?sear;hers uparil they enter the hrceding 
population at a minimum of four years of age, During this multi-yeas prebreding period, the5 must 
Bearsh to qubsist an a vxiet) of axnditionq, and to evenb~aliy b r e d  sux:esshlly, they must acquird foraging 
skilfs far beyond those necasary to survive. 

%%en we began our stud!, of bald eagle& in Arizuna. very little was h o w n  about the ecology or narurd 
history of the younger cohorts. Among %he quwric,ns aked were: How l ~ n g  do ffdgrxf juveniles remain 
in their natd territories before dispersing? 'Vihat prtrtblems do the> have obtaining food anJ surviving 
prior to dispersal? W%en and under what conditions d r  the! Heave? W e r e  do they go, and what habitats 
do they utilkre outside nf cenrral Arizona? When do the] rerurn? Whzt habitats in Arizona are used by 
the remminp juveniles , s a n d  others in the norahreding compunent of the pcjpulzticin? Hdw migh: 
managernznt action increase the we1fza-e of the nonbreders? The answers to these questicinr ma) be 
signiticmt because minimum levels of survivorship and fat deposition arnong nonbreders arc ultimately 
necasarp to sustain the breding popularion through recruitment. 

In this section, we describe the post-fledging behavior of a sample of radio-taggd juveniles in Arbona, 
their degart'dres from natal areas. their migrations, and their return to Arizona. Some of these returning 
juveniles remain& in Arizona during winter and spring, and we monitored their movements and use of 
habitat by means of airplane sun7eys. We also radio-taggd a number of subadult and near-adult bald 
eagles and searched for them as we!!. We refer ttre reader to narratives in Section C5 for details 
regarding the movements of each radio-tagged bird. 

Information about eagle activity during the first few months after leaving the nest is the first step in 
understanding deficiencies that may occur in the r ~ r u i t m e n t  of b r ~ d e r s ,  The post-fldging period is one 
in which iiri birds undergo significmt mortdity, at rates possibly grearer than at any other period in their 
life cycle iCade 1960, ?Te.uiton 1979). Young bald eagles must l e m  to titrage, protect themselvs from 
enemies, and avoid a myriad of human-created dmgers, all by trial and error, They must malee long- 
distance- migrations. often within weeks of fldilging, negotiate deberts, fbrests, m d  mountain ranges, cope 
with a variety of adverse wather  conditions, and find food within the limited iftine a1lav;d by Pdt 
bZS%TVRs, 

Bn th.= currznt stud?, our r.rbjeztives included: i l l  mtiniroring move:agenks c \% juteniies la? the nesci~lg 
territories during i t~e  pre-iiispersd period in Ma?. QP) tcrllrs~lnlg the hnrdx 'b! aircrafr during depanur? and 
migration; (31 gathering data on the direction and distmces trave84; ( 4 ~  identifq.ing the migratlnn 
destlnatiom: 65) documenting the return of the jukcnlla: and, $6, idenri5ing their pahtern ot ~ ~ V G ~ ~ I E S  

md h e  habira~< utrIi;.& in centrd .iiArna~ca. 



Tn a:ccrmjllrstl these objc.~.rrvt.i, v5.e pldced radio trmsmitters on 15 juveniies about two w ~ e k s  prior tii 
fledging b\t.e. Cectiim I%-I/Zeti%i\d\i, E l ~ \ ~ e n  of  &cse aitgles departed their territories, and tce were ctblc. 
eu track thC r-novements rtrlJ nmtes cif 10 of  them by aiqlane. Of the remaining five, one eluded us a,s 
ir depart& rllorccshoc in 19881, one's transmiser failed (BartleE in 1989), two died of complic;ition,s 
related to ?]eat s t r s s  about the time or fidging [Blue Point in 19X8>, and one was appxirently kiileci by 
3 prdarc~r just atter. fledging (ladder< in 19881, See Section 63.2 for ddails on juvenile mortalit!. 

U'e ~ r a c k d  the ra~lio signals of the soaring juveniles from high, centrail) located mountain peaks 
i2Itlmhll'idt Mountain, Moiznl Ord, Pine Mo1;cntain'r so that several breeding areas could be monitored from 
one point. w~cn  a juvenile soared out of esIeme~ry range. the telemetry obsenrer radio& the pilots to 
inform them that th~?  eaglet had dcpaned We tracked the migrating juvenilzs h! airplane, time to their 
apparent iieseinatittns: others were still en route when b d  weather or Iow vi5ibiliry prevental airplane 
trdckinp, 

AJ,1 ,I Prei ious Studits in Arizona 
During t l ~ e  1970s, 'T'homris Hiidrhrmdi, Ronald Sell, and Rotserl Ohmars radio-tag& six nestling bald 
eagles in ,\rizona, two each year from 13'7-I979 Cti'ildebrandt 1981, Sell 1982), Two of hi: eaglets 
died, and \In: disappear2d shortly a&er Iezb7ing the nest. Of the remaining three, olne (TW) depaI",r;d on 
1 July 1977, 37 days after fldging (Hiidebrandt 1981), and two others iefi on 23 June and 4 Ju13. at 44 
md 51 days post-fledging (Sell 1982). T04 was found on 13 July, "dehydrated and ehausted" on the 
V.S. h4arine Carps Base at 29 Palms, California. Dr. Kathy Ingram (Liberty Wiidfife Foundation) 
subsequently rehabilitatd T04, and the bird was r e l e z d  again i n  25 July. It depmed again on 31 July, 
and by I I August, it had arrived in the Imperial Valley of sourhern California where it remain& until 
21 October, when it apparently flew south into Mexico (1CIildebrandt 1981). TW9s signal was again 
detected by USFWS personnel conducting a waterfowl survey in January on the Rio Sinaloa in Sinaloa, 
Mexico. The bird remained there for at least several days, after which no further information on its 
whereabouts was obtained. In 1980, T03 wa repofidly shot, 96 liln eaqt of Calgary, Canada (Ohmart 
1985). 

One of thc: two nestlings radio-taggd in 1979 was detectd b j  .AGE personnel on 4 April 1980. The 
juvenile frequent& Apache and Roosevcit reservoirs until 6 July, when it's transmiMer failed (Sell f 982, 
Haywood and Ohmart 1981). 

Ade 1 -2 PreMigratory Behavior of J u v e n i l ~  
1-oung have successfu2111y left nests in Arizona from fv3 days (8.6 weeks) ro 95 days t 13.6 weeks) of age 
(see Section CZ. 1;. However, some eaglets ma\ fly from the nest earlier, apparently in response to high 
temperatures and the pre-ence of nest parasites (see Section C3), During the period from flcdging to 
depanure, the yt>un;r iearn to fly, land, ahcdn their aggressiveness toward other species, and occasionaIly 
farage. 

J E S ~  after flzdging, tfic jrrvenile!: z e  c l u r n ~ ~ ,  and their first lmdings on cliffs or branches ian result in 
injury, 47s e\ en death, We obsehvd ,m zagict iJD-33, Blue Point f 988'1 break his rleck whcn he crasbeci 
into the faze of the nest pinnacle while attempting to land after his Rrsr Bight. The eaglets are aiso naive 
&out, sa2ius. 311d have atrem~jted to Iand on tddjbeah. cholla. In one case, we spent 10 rnlnutes picking 
cholla spines from the head, fset, and uings of 3C5B Bf3ahtlett in 29893 which Re% into a tddqbear chofla 
ca;tus on its first Right, The young socbn become adept flyers atad team to control h e i r  Imdings. 



While nmonlutrrng tticrne.ter2d gu>enlizs prmr to dcpalfure, in some case< ese obsew-ved etwn p o h t -  
tldgiiig k~t.tin\ nos Patkrr~i, wereb c i m i d e i ~ i  ~i ith our earlier' observations on the Isit River nn r8lrfi7rnza 
{RiisSysre~ns 198% Hunt eb i;k' 199283 F;.iXnwing their Erst flights from the west, the tqrko~ld birds 
snnlctirnzs s j ? ~ ~ l i  the! nrght on tile gn~uncn i.;. 6 2 ~  lob vegetation During the erst . ~ i  cek or so, the) tgplzallj 
yaschtd m n a  the nesl, but soorm trat eied more extensivefq within the tetritory, ge~erally staying ~ l t b i r l  
3 trrn rif the nest. They t3hrained food a!rnost enrlrel) from their parents. but occasionaliy found carrion, 
A 63arlle~ jux enilz ever1 tool, a live fish bj hopping around In a sha8lct.n. pool ~ h e a  flo\l-s ;ed.ed Pfom 
the drim A fett ~ c c k s  a f t ~  fledgikig, ffre juteniles began soaring d~arirng the herit of the day, idthough 
ehej urui,i riot soar on >r ime dziys aur et  s n  for sfveral consecuti~e d a ~ s l  e\en when ccndition~i ue re  
ayga~ en:l) favorable I:ir.ialIy, at agec of 16-20 wezks, they would depart the territory unex~\ectedi~, 
searing trff  tt ,  begin ehzlr migration\. 

PIake AICb. Clrfiju\::ntle (3126) at I4  rvc~k, old, 51mc -1988, At the age of 16.5 tveeks tbs young a g l e  mpratrd 
'i'i54 a i r n  t s  Swan Lnke. Mm;ioba, Cmzda, the fadhest known Jlstmcr of any Anmna juvznllt: cphoto ba 
f31 Dns~oili  

,19.1,3 ZZigralorj Departt~se of Juvex~iXa 
The I ;  r d ~ T ~ ? - t a ~ ~ e d  jraxeni!es Odhle A3. i  -11 ail departed during the middle of the da! at ~ntcrvals 
rgnging from : 8. to 65 daqi after fledging bN =. 4.3.7 days) and at ages varying from 16 so 213 weeks 
sdTi = 18.5 wleki i .  Interesringly, the birds in 198.7 depart& sarlies and at younger apes than t$ose in 
5988 ariJ 1983, Sgecificalia._thc fvus juxeniHes we fclli\tio.isd in 1357 34kmigratd "irom zentral r$riziana 
during the period 9-17 June rX = 12 June) a t 1842  days after B d g i n g  (X = 34 days\,  The six jtlvenilsc 
in 198s iiep,crlaI f r ~ m  82 June ts 30 Jul:, rX =. $3 J u l j  at 18-5' d a ~ s  after fledgi~g i7a: - 47 d + s )  
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Im 1989, the one radio-taggaj juvenile departed on 14 Juty, about 55 days after tldging. Also, the range 
of elcpamre angles a ~ d  migration :nurses of' h e  four hirds in I987 were more eompras& than in 1988 
(335 -360" True Sorrh in 1987 compared with 320-02Q0 in 1988), Sample sizes arc far too smd% to 
suggest that a trend was obtained over the period of our smbies trr that it was related to clir-rtatii: 
differen~es, but it cenainl! appeard that mechanism controlling migratoy behavior were ters rigidly 
invokd in I08R. 

Detecting the departlire of the telernetered ju~veniles r q u i r d  ccomtanr vigiIanince during the warn pzriods 
of the day, and we were often fiustratd by the unprdictability of their soaring behavior. They wouid 
sometimes remain airborne for hours ctn %hat. s e m d  (to us) pedect days for migraion, ody to return 
to rhe nest area and remain relatively sedcntaq for severaI days. There were a number of &false alarms" 
whzn liw-bnf-sight telemetry signals would be lost because the birds would drop beiow terrain feamres 
to perch ft~r a uhilz. 

It is difficult to he exact about the times of departure because the birds often soared for long periods at 
varying distances from their nests befort: weak or interrnirtent signals evidencd their emigration. Three 
migrants Iefi their natal territories bh 09330 ht~urs but two others did not appear to be actually migrating 
until 1503 and 1510 hr. @ow Far the! had progress& before then was unknown). 

In general, birds deparrd during periods in the day when thermal activity was strongest. In some cases 
broad thunderstorms seemed to deter the depamre of the migrants (e-g., JP23j9 but s toms  were common 
on departllre and migration days and, for the most part, the eagles seemed unaffected by them md soar& 
boldly among them. 'nunderstorms, of course, verify the existence of strong currents of rising air and 
probably signal the eagles that conditions are favorable for soaring. 

A few of the birds exhibit4 "false starts" in which they appexed to begin their migrations, only to turn 
back after traveling some distance. On 18 July 1988, the 7 6 "  juvenile JW30 departed her natal territory 
and traveled amid thunderstorms 90 km northwest to a tributary of the Chevelon Fork a b u t  45 km south 
of Winslow. The next morning, she return4 to her nest area where she remained until 26 July; then she 
rnigratd. JP23, the 1988 Ladders juvenile male, appeared to be departing on the afternoon of 3 July, 
but retreat4 to his nesting area tiom a massive thunderstorm north of C m p  Verde; he migrated four 
days later. On 14 July, JCSO, the 1989 Bartlett juvenile male, traveled 64 airline km up the Verde River, 
to river Km 162 near the Ladders nest, only to return in late afternoon to the vicinity of Table Mountain 
(Km I O i ) ,  about 37 airline km from the nest. Finally, the 1988 Horseshoe juvenile male J035 appear& 
to be migrating on 26 July when it soxed to the area east of Pine, AZ where there were I a g e  
thunderstorms. By 1515 hrs it had re&rn& about haltisray to the nest to perch in the hills d o w n s t r m  
of the mouth of the East Verdr River. It remained in this area about 27 km north of the nest for the next 
two days. Instead of then migrating, it return& to the nest area on the third day (29 July), and then 
migrard that afternoon at a d e p e m r e  angle of 300-360 degrees True Korlh, 

Kine of ten migrants were initially oriented in a n o d e r l y  direction: there was one to ehe Nfc"Ji"Ji, five to 
the n o d ,  one to h e  NNE, and one co the northeast. c3ddly. the anomaly was the "76" juvenile fW3%, 
zhe sibling of .lM'30 had return4 to the nest after traveling 80 km (see above). JW31 travel& 
50 km sou&eit,it from the natal territor~ on Tonto Creek to an area east of the Salt Arm of Rcrosevett 
Rc\enroir where she soared for the remainder of the day and spent the night. The next day she $antinu& 
soaring around the mourh of Cherry Creek, not far to the and roosted in Ash Creek near the Salt 
River, The next daq she assum& the behavior of the other migrants and traveled over 220 fun no& to 
most betwezn FJolbr(3~tk and Tuba Cit!, then cilntinua3 a anomaJ" migratio~ northuaad, 



A-188 Eror.oc,~ ox; E ~ s r r ? ~  BALD EAGLES LX , ~ K I Z Q E A  

,44.1.$ Migrution of Juvenila 
Most iaald eagles ns t ing  in inlmd Canada and Ala3ka migrate swth anro the contiguous Lnited Statc",s 
in winter. %hen waters freeze, waterfbwi migrate sc~uth, md fish become diKficult taP cthtain. Rdd  eagles 
hand& ar; natlings at Besnxd Lake, Sskatchswan, Canada, have been recovered, sight&, or radio- 
tracked throughout the plains and uestemn stat&$ oi the T.S, including one which winter& in A r i z ~ ~ l a  
iSnox 1973, Gerrzd er al,  1978, Gcna-d md BonoloMi 1988). Sirnilxly, eaglers band& in the Great 
Lakes Region migratd south into the midwest and southern Mississippi Valie> states, and alst~ into 
Texas. Bald mgles frcsm the Chilkat River In Southas% Alaska mostly rernaind there, aitht.rugh some 
mwed south alonrg &c. i'r'rast to British Columbia and Washington when sdmvw availabijit: declinad 
(Hodges el d, 19871, 

f?harlc\ Brolev (19473, who band& over lCbQQ nestlings in Florida during the f 930s and 1948s, WE, the 
first to study the migrations of bald eagles native to snudlerm portions of Lhe continent (Sprunt 1955s. 
Bands were recovered thrcrughout the states east of the Mississippi River, hut most recoveries sshc~wed the 
~ g I m  moving nonhward up the e a t  coast, some all the way ro Canada Brolcy op (:if.>. Florida's adult 
eagles, however, remaira a% r > r  near their bredcfing areas year round, 

Beebe 11974) thought that juvenile bald eagles left southern British Columbia soon after fldgtng and 
traveled to the salmon runs in northem Canada and Alaska. In fall, the salmon along the Pacific c o a t  
generally spawn earliest in the north and latest in the south, so that eagles following them appear in 
southern British Cc)Iurnbia and n o ~ e r n  Washington in early wir,ter. Lsing radio-telemetry, Hunt 
(BioSystem 1985; Hunt et al. 1992a) followed five juvenile bald eagles from nests in northern California 
on northerly migrations that were probably directed toward salmon spawns in northern British Colunlbia 
or Alaska. One bird traveled to Prince George, British Columbia in six days. 

In the current study, we fc)llowd nine juveniles as they travel& northward across the continent, and we 
briefly tracked a tenth Arizona juvenile QL20) as it passed through northeastern Oregon (see Section CSj. 
Figure A4.1-1 shows the routes of each bird. Seven of them. whose roosting locations were determined 
at the end of the first day of their migratiom, had tsavelerl an average of 230 km (range = 137-382 kmj. 

In Section C5, we provide more cornplete descriptions of the migratiom of each of the ten radio-tagged 
juveniles. The example given below describs the post-ffdging travels of the 1987 femde, JZ02, from 
the Orme nest near the confluence of the Salt and Verde rivers. not f'ar from Phoenix. 

On 9 June 2987, the day of its departure, JZO2 travel& about 120 km ncrnZhward to a 
cottonwood grove (or nexhy cliff! near C m p  Verde, Arkona, stopping before 1550 hr. 
" f i e  next day it travel& nearly 508 km to Sevier t a k e  in sotlthern Utah and b j  the next 
evening had r a c h d  the R u h j  Motlntaim in Kevada. The t'ullowing day, f 2 June, it flew 
northwestwad tt:, roost near l f ie  three-state intersection of Kevada. Oreg~tn, and Idaho. 
Jt roosted the next evening just sctuth of La Grande. Oregon. Heavy &understoms with 
rain persist4 in the regiora over the next 38 hours md prevented airplane tracking. Thz 
eagle apparently rernaind in thc Blue Mountain$ of m~rthern Oregon during this period. 
On 16 June, the bird traveled over f ~ e  wtaeatlmds of eastern Washington to roost north 
of Moses Lake. By 18 June, it had gone n o A w a r ~ a r d  across ttte Cascade h'lountalm 
to &;he lowlands near MI. Vernon, M'shingr~n, nor& of Seattje. The ncxt day. tfie eagle 
passed over the cit?, of 'k'mcouver, British Columbia md travel& up the a t c r n  shore 
of the Strait ia l  Georgia. Deteriorating weather ~onditiom prevented us kom tracking the 



Fi*g-urc -44.1-9, hdigratntmns of 10 juvenile k l d  eagles radio-tagged nestlia~gs in Arizona during 1987- 1964, 



bird further If i e  do~%iinaed mmigrdting in ehe s m e  ef i re~t i~~n,  ii: wiauld have arrived in 
sa,uthsast Al;aA.a in three or ~ O U P  days, 

As is true of most migrating raptors qMerHinger 5983), sozing wai the p r d o m n ~ m t  mode of gavel fur 
rhc Arizona juveniles, Powerhi et@rah &at deveiajg-4 during dlc heat of the Jay  z ~ a b 1 d  ghe eagles 
to tra.;ef rapidly; they probably gl idd fifrorn one thermal t~ mtrrother. A6 expected, the eagles typicall?, 
stantxi migrating in mid-morning and stopped to roost in late afiernooa. a schedule c%~icusI) related 3~ 
die1 &ermr%l activirj . 

Ht wa ~~~h'i'ious durrnfr airpiane tracking tkaf &c eagles &SO US& i lpsiop~ winds as soaring aids, since we 
hurmd them fellowing h e  windward slope\ nt ridges that Rere oriented dong appropriate coa~rses. 
However, where she physiography deviated from preferred dirtxtions, eagles apparently chose tketr 
iairection in preference lo terrain feamrw where sim-ing cctnditions nsight have been better bsez Baker 
2084). 

'&t anigratlng eagies acnraily seemed aRracted to ~understorms,  ar, observatlnn we also made dairing our 
stxzdjes t ~ t  Cdiljfornia migrants. In both studics7 telemetry signals of rhe soxlng eagles often seemed LO 
cmmate from the centers of srnaif thunderstorms, These storms are caused by currents of rising air 
%hi& no doubt benefit the migrants, but we are at a loss to explain how the advmtage of the currents 
is not outweighed by the associatd turbulence, rain, and hail, Perhaps the signds were actuaiiy being 
reflected (and mpf i f id? ,  off the prscipitarion associated wwi  the thunderstorms, and tfie eagies were 
very near them, they were not actually in or under them as it seemed. We asked William Cochran, an 
authority on radio-telemetry in birds, about this possibility, but he doubt4  our hqpotfiesis of reflected 
signds. 

Distances covered per day varied in accordance with. the time spent migrating, and in response to weather 
conditions, Storms and low clouds generally slowed the progress of migrants; food occurrence or the 
lack of it ma? have d s o  had an effect. JZOl's daily movements ranged from 1 9 3 4 2  krrn with a daily 
average of 254 km. It took six days to migrate approximately 1,528 km. Eleven ground speeds 
cdcula td  for JZOl averagzd 37.2 km per hour (range 16-64 km per hr, SD + 14.6); eight ground 
speeds for fZB2 averagd 38.3 km per hr (range 24-53 km per hr, SD & 9.5). The Cliff juvenile (Jf26) 
travel& about km on 5 July 1988. 

Habitat chosen for roosting by the migrating juveniles was isvariable arid includd coniferous forest in both 
flatlands and on steep slopes. The eagles also used trees dong rivers, the unvegetatd sandy shore or 
low cutb- dong Lima Resesr/?ir, and mounbin cliffs, The eagles seemed tto prefer to roost along 
water coursw md to select a t e r n  exposurm, although there s e r e  man? exceptions. 'fncfudd in these 
is the: first night roost in the migration of JW30, who mitsted OR a lijw ourcropping in a desert area 
&must completely de~o id  of vegetsstian, 

Vt'hemer or not "Jle a ; l g l&h  foraged during their migrations is uda-~c~tvgi ,  biax they caccasiona51! stopped 
during the day and trammitter activity changes -suggest& that- the) may iaaa.2 been eating Such was 
almost sursiy the case with 3CSO when it stc)pp& tor the day north of Duchesne, Kt& and again along 
$he Snake River far 1-0 days n m  BlackB3ot, f i f&i~ .  Sirnilxly, JP23-s twt14ay stop at Silter Td&e, 
Oregon was no doubr food related: it twice appeared 1.0 be eating hy L?E rhq~rnai; changes in trmumsmiRer 
puise r z e ,  



QR & s  other hand, the prubahir; szmc i t~  (it food, conditions a1 roosting Incaticms, and the lsonrirluous 
mca\ernents during the day led tas to Reiieve that most ot the birds fared for long periods, 

C%B" the nine juvenila trackd on their journeys north, four stoppsd at lakes or resewoirs ahere  dead or 
$pawning fish were available: Lima Resmoir,  Monrma; Swan Lakc, Mmitoba; BIackfoor Rs,eaa.oir, 
Idho :  and Yellowstone Lake, Tfie first three were characterkd b j  abundant fish ~a r r lon  
(e.g,, carp, white suckers), and the forth b~ spawning cutthroat trout. A fifth bird (JCSO) stopped en 
route three times dong str {Duchesne, Kt&: Bancroft, Id&o; a d  Blackfoot, Idaho). 

We were imprrtssd by how accurately sorne of the migrating eagles stayed "on course." Eor exmple, 
JZOI remain& within one degree (of a course of True Earth from its nnest to centrat Montma, where its 
signal was lost. It deviatd slightly to the ntlrtheast and northwest during difirent  segmenrs of its 
migration, but taken together, these appex lr a series of course corrections char functionei to maintain 
the long range course of True Xorth. Ilfairnum deviation from the 11 l"41 W longitude lirle running 
&rough the nest site was 53777 hj to the east and 37' (51 h i  tc-I the west up until it started to make 
local movements wiain  the mountains of wetern Montana. %figrating independently, fhfO3 also flew 
True N ~ r t h .  We determind that the dine of longitude passing thrc~ugh Lima Reservoir in Montana, where 
the bud remain& for one wwk, a l s ~  p a s &  through the bird's natal territory. What mechanismis) 
enabled t h a ~ e  birds to maintain a true course while navigating over a mountainous route where the day 
ten@ increasd by several hours and magnetic variation increasd by 5"E? 

Another curious feature of the migrations of the Arizona juveniles was a tendency for course fidelity to 
disintegrate in the range of about 45-47"N latitude: most of the birds changed course radically near this 
parallel. Of nine birds whose migratory paths we follow& from Arizona, eight either-made radical 
course changm (five flew southward) or stopped migrating between U040' and 47"M' (X = 46"10'). 
The exception was JW31 who stopped in southern Idaho at about 43 "N latitude. Less drmat ic  course 
changes appeiired in the routes of sorne birds, and almost all course changes took place from the roost. 
rather than during the day's journey. We observe that this latitude range encompassa the Columbia 
River drainage which fomerly contain& the largest salmon runs in the world, sorne of which occurred 
in s u m e r  (Paul Hirose, Oregon Department of Fish and Wildlife, pers. c o r n , ) .  

It is now clear that Arizona juveniles are nor universally prdisposed to migrating all the way to Canada 
as we might have predictd on the basis of our previous study in California @ioSystem 1985; Hunt et al. 
19922). The Ari;r,ona juveniles migrated northward at from 885 to 1,930 km before settling into m area. 
JZ02, who w l i ~  still migrating northwad up the Strait of Gwrgia in British Columbia when tracking was 
terminated, might have gone +~&er. 

On the ba is  of OUT data, the term "post-fledging dispersal" prohahihi! does not apply w the long-range 
movements of the Arizona juveniles. Instead, the relatively small angle subtend& bj the courses of the 
10 m i g r a n ~ ,  the regulxity of die1 aaiviries, the rather long distances covered over short periods, and 
the course fideliq of some over long disuraces all indicate a functional migration involving habitat 
dmtinations. most likely food-related, The fact that the eagles showed these chxtracteristics while 
migrating done is evidence for genetic control of a migratorj adaptation. 

%%ile the migratir~ns of California juveniles scern& pedectly timed and directed to exploit the summer 
runs of salmon in Alaska and British Columbia in late July and August (Hunt er ill. 1992a) it would seem 



%&at the Arizona birds did nrrt have salmirrn runs as a principal destinazio~, Only nwo of the courczs (JZK 
and JL20) might haye taken birds to h e  runs: six 0 t h  birds teraninurd their migrations eise\~!~zre 

Tt) understand h e  ntjgratr~q riming of the Arizona juveniles u e  musf $%st realize that their stratcgy 
e v r ~ l v d  during pristine times when food distributiitn ant! abundmce ma! have differed 5fkorm.s toda?. 
tn what hod supplies would have been a~ajlahie so inexperienzd juveniles at suck latitudes in &e 
summer poss ihi l i t i~  iinclude: (1) winter-kill& unplatitc ;arc&\sa em;i.rgang during snowmelt: (2) r"tst~ kills 
at &a\x;ing high-airitude lakes; ( 3 )  nsting and molting xaterfowl: (li t he  spawning salmon and tother 
f ish3 ((e,g,, cutbroat trout); and, ( 5 )  the calving s e a o m  of elk, bison, pronghorn anrelope. and other 
ungulates, Togerhes these might have acted as a aselective force I@ miiinraln the adaptation among 
southern eagle< tto migrate northward thee Gmrrafd and Bonciloni 198131 

AP watefiwl md ungulata are Par lass abundant now than they were 200 qears ago, u e  might assume 
there is less food biomass availllhle now for the Arizona migrants, H o ~ e v e r ,  there is probabiq J s o  f'ar 
less competition {and danger) because of ;fewer eagles, wolves, grizzij bears. and other cornpe~itors. 
Also, there are many reservoirs in the modern Imdsiaps that pn~vide foraging habitat for Iht. migrant 
eagles (see Lish and Sherrod). 

The above discussion is offered on ths assumption that the adaptations (genes) influencing migration 
m o n g  bald eagles currently nesting in Arizona derive horn mcestors aiso native to the s o u ~ w s t .  If, 
instead, bald eagles have only raentiy colunk& the southwest I,i.e,, within this century), then 
speculations on the signiilcance of the adaptation of the observeif itineraries of juveniles in relation to 
pristine food supplies are moot. 

A4.1.6 Return of Radio-tagged Juvenils to Ariw~la 
Knowldge on the whereabouts of the teiemeterd juvcniIes in central .Arizona after their return from &eir 
migrations gives better perspetives on: (1) the m u d  cycle of movements; (2) habita& uti l izd,  their 
seasoniility. and their relative significance; and, (3) survivorship in this seemingly k~lnerable age class 
(see Section A5). 

Of the 11 rdio- taggd juvenile eagles that migratd from their natal territories, at least eight (73%) had 
return& to Arizona by the fall or winter. Table A4.1-2 shows when and where each rerurning bird was 
first detected in our aiqlane surveys. The dates shown, two in September, four in October, two in 
Novernher, and one in January (JZ02 returned in 1987 and 1988)- are probably not the actual dates of 
return. because we did not begin our fall a iv Ime  surveys until late September and, after September. 
some of the birds may have ocs~17& in Arizona outside our survey routes. 

Section C5 provides nnarrativs of the reappearatnce in Arizona of each of the eighr migranb, f3el:fow is 
an account of the return i>f the 1987 Fort McDowell juvenile male, SMQ3: 

We found the Forx McDowelI juvenile bJMQ31 hack in Arizona on 20 October 1987 a8 
Trernaine Lake, soutbmt  of Mormon Lake, and it remain& around h e  highlaad iakes 
until at least 3 Kovember. We detect& in: soaring near Horseshoe Reservoir on 
3 Smum, md &e next day it was near Nsdille Rock on me Vzrdc River downstream ot 
Banlzn kesenyoir Fmm then through 7 Fcbmary. it i rrqocntld the Salt and Verde 
rivers hetween Fort McDoweI1 and Blue Point, including S a s a r o  Reservoir. A feu day:, 
later we found it at Cmjun Hl&era.roir and &en at Apadme Resef i~~i r .  On 4 %larch, JhdOl; 





wrs <,an Pink Creek about 8 2 5  mi from the active n s t  contairring one 5oung From &eaz 
th~ok~gh 4 May S e  iimnd at in other of &t: Pimi t e~ l io rk  and i ~ n  rhz w c n h  shore < p i  

Koosevelt R s e n o ~ r  where In fiequrnced Campaign md SaHiirnf: hays. N e  mice iound 
it itn Tonto Creek in or neer the "76" territory during this psriod. Ola 7 Ma!. JM83 was 
C ~ E  the E a t  hrerdc River hetwem the twn ranches. Aiier that dale, its kignal was ~ $ 1  

frjnger daectahis in central Arizona. However, nn 21 June 1988 ate relocated the bird 
at UeIli,wsti>nc I A c ,  e'vorniny %here it had s u m e r d  the pre%"i~w. yeas, 

The return of another juveaile eagle, JZB2 (Orme nest, 19871, was ??:st dere~tcd ax Hcrrseshr)e Resen-air 
in late September, but by December the bird had gone to Imperiai K'lIJlife Refuge, nor& of Yuma. In 
Mxch, J.7'02 xisited it< nard territorq, before touring h e  Salk and Verde r i ~ e r s  fc)r the aacva several 
months. Af'ter 26 Nay, we were unable to detect its signal in Anzona, hue it again frequent& central 
Arizona rivers during January through Mar;h of ~z following year. 

These and other data on ahr: movemenu and habitat selection of ~ \ e  radio-tagged juvenila arc derail& 
in Section C5, and discussed below in Ses:lorm X4.2. As we shdi see, mosr of the birds tended ti\ move 
abour continuousi~ within the region, and no doubt elsewhere. T h i s  proclivitj ro sander has apparent 
in the fact &at \re rare[\, found one of these eagles (or our sanpli. of radio-taggd subiidults an3 near- 
adult)  in the same place that we had found it 0x1 the previous surve: . 

A4.2 MO'bX5lEhTS -4,YT) HABITAT SELECTION OF NOhXREEDERS WI 

Arizona's nesting population of adult bald eagles exists because habitats have favor& the survival of 
sufficient numbers of eagles in the younger age classes to fill breeding vacancies, Unlike the nesting 
pairs, whose habitaLs can be directiy assessed, the use of habitat by nonbreeders ha? been Izgely 
u h o w n ,  and h a  ro do with understanding the m u d  cycle of ntovements. We have d r a d q  taken an 
importmurt step in acquiring such knowldge by studying the migrations of ?he radio-tagged juveniles. The 
post-migratory return to Arizona of at least 73 percent of our sample of 11 individuals suggests that 
habitats outside the state are rich in food and safe enough to elicit a healthy rate of sumivorship. Upon 
their return, these juvenile eagles traveled extensively within central Arizona from September to Ma!, 
and exploit& a variety of habitats. 

Also using these habitas are older nonbrerding bdd eagles: subaduits (d-3 yeas  crild), nex-adulrs fca. 
4 years old!, and even birds iil full adult plumage lacquird at aboui five pears of age) that have not yet 
secured a breeding territclry. Th@ early peregrkations of these birds has  been unknown and ha$ depend& 
&>n the chance iviations of observers, Even &en, obtaining data on the occurrence of Arizona 
nonhreders has been comp%iiat& bq the presence of significmr numbers of winter inmigrants from the 
nor&, 

?'CP lexw about the movemen& of' the nonhr&.xs during 1987- 1389 we captured ar-nd radio-tagged Gve 
subadufts a ~ d  three nzx-aduiits in Arizona PTable 4 4  2-1 1, These in:luded two x~ea-adulb we ;aptur.ed 
in Salorne Bas/ on KttoseveIt Reservcpir (the xndiie-lt'hfOl --v;& tagged oora 2 March 1988: the fe~~xiIe--- 
fiFO1- -on 4 March,, &FOE had hwn  band& as a nestling in 1983 at the East t'erdct breediling area 
bGmtab lt)86ab, R3iIe trapping Ira the Ladders brettdrng area in 1989, we captured a near-adu.1 and four 
subaduIt baid e a g l ~ s ~  Some of these appeatd larger than r l r u ~ n a ,  birds and ma5 h a ~ e  hzzn winkring 
from a oo&zrsa state or prrwlnce. The firsf subadult maie iSMO1 j captured on 23 Jaw~iairq' 1983 



Piate A l l .  Daniel Ilriscoll radio-crackin subadult bald eagle (SF011 at San Carlos Reservoir, October 1987 (photo 
by Dick George)~ 

A near-adtrlt fern& (XF02j was caught on 24 January, a subadult male (SM02) on 26 January, a subadult 
male (SM03) on I Februarq, and a subadult male (SMM) on 2 February. Included in the sample was 
a subadult female found in jurd  on the upper Salt River, rehabilitatd, and r e l e a d ,  wa monitor& the 
movements of all the telernilitered nonbreders in periodic roll-call surveys (see glossxy) throughout 
central Arizona b j  airplane, 

bigure A4.2-I diqplays the distribution of movements within central Arkorra of the radio-taggd 
sr~haduits, near-adults, md juveniles during &!I, tt inter, and spring of  1987-1989. Karrztivcs of the 
heiernetr!, io2ation;s of each of these eagles S e  present& in Section C5,  

Our surveys rev:k.t.d?d that the diqtrihution r ~ f  itinerant eagles fg3llowa:d the courses of elle Salk, Verds,  and 
Gila drainages, although we nlccasionally fa-trnd bird% at 0%-river Incztions. Some of rhe eagIes were 
appxentl* libsent from centxd Arizona, but reappeared at later times. These birds may have travsleif cfto 

otilt~. ~ ~ u h w e s t e r n  states or to Mexico. Dates of 1 s t  detection of eight juvenifes ranged from Z 3 January 
m 26 May, white tast detections of six subadults ranged fmrn 12 Februar) "cc 80 April, Two additional 
radio-taggd subadults Ifid !in March. One apparently drc~wned in a metal stock tank, and the other was 
prcjtiably shut (see Se~ritms A5 and C3.63. 



'Table A-4-"0 -I. Juba$uH& a ~ d  near-adults radial-ragged by BiirSysrc~~~s i n  central ,4%riz~rad L ! I K ~ ~  

1987 1089, 

Approximate 
Bird Szx Age Capt~nr:: Location Daisid of Capare  I-ast Detecied 

tipper Salt River 
Ra~osex elt Reservoir 
Roosa eit Reservoir 
Upper Verde River 
cpper Verde River 
Lpper Verde River 
typper Verde River 
t pper Verdr. River 

Despite extensive surveys, we did not detect any radio-taggd nonhraxiers in central Arizona after the 
end of May. At least one, JM03, returned to northern summering grounds at Yellowstone Lake in 
Wyoming. 

Our records on the movements of juveniles, subadults, and near-adults are insight into the reidtive 
significance to bald eagles of various habitat categories in central Arizona. Among these are tributaries, 
fret-floaving rivzr reaches, regulatd river reaches. reservoirs fed by free-tlowing rivers. reservoirs fed 
b) replated rzaches; lakes, and terrestrial habitats. 

Tributaries. Apparent in Figure XS.9-I is that tributaries were attractive lo the nomadic eagles and that 
some tributaries were visited more ksquenrly than others. The East Verde River received the rearest 
number of radio-taggcid nonbreeders of any of the tributaries and, in fact. any habitat. Six diHerent birds 
in our s m p l e  visited t j e  East Verde during January through hfaj. mostly in 1987. A pair of adults 
nested on the Verde mainstem near the mouth uf the East Verdrt River; we studied habitat selection of 
&r telemeter& male in 6987. He \. isited the East Vetde Ricer and foraged there extensivtl). primaril) 
during March and early April when suckers wsre spawning (see Section B4.4). We itre uncertain what 
prz) and habitat features brotight the subadult\ f~ the East Verde: 'iisileries survejs there in Spring 1987 
re.cerdd Sonma sexker, m a l l  mcluth bass, cdrp, and !ellus bu;lhrad in sizes appropriate for eagle use 

Ir may he ~HgniGzanr that two of the nonhrcederr? tJi-20 md h'Fdil I zhat \;sited thc East Verde River in 
ninter and spriag had originally fledged 5c-m the East Verde nese, an5 tuo others (SMOB and NFCI~I 
west: among five stibad~rles tagged near Camp Vcrde. 'I-he East Verde Rivfis is a "'regulated-' tributarj 
to the extent that it has artifjficially supplemenrd flows from East Clear Creek ase? Sections L32 and 53  4). 
Htwever, water i~anports to the4 Eastst Verdr. River cxcur high in draimge, and for the. mt~sl  pare, Pne 
characteristics cjf this tributarj corafonn 10 the criteria of ;i free-flct\ing creek. lb: is a long reach with 
relatively lcaw $low, ?I-om high elevation ro %ow elebarion, and changes in remperature and $irrhidi:y are 
norm81 for ;, free-flowing rsgime, 



Plate A12. Near-adult bald eagle (hXO1) captured 2 March 1988 in Salorne Bay on Roosevelt Reservoir (photo 
by B. DriscolI). 

It would appear that West Clear Creek is also a popular tributary among the nomadic eagles, but the data 
may be biaed by the fact that five of the birds had been captured and radio-taggd at Beasley Flat (just 
downstrem of the confluence of &.'st Clear Greek with the Verde River). JP23. the 1988 Ladders 
juvenile, after returning from its migration to Oregon and California, also frequented ViTest Clear Creek 
during Match 1989. This tributay is obviously serving as habitat for young bald eagles. but fish did not 
appear abundmt in surveys we conduct& there in spring and s u m e r .  

Comparing the use by the nonbreeders of rhe two Verde tributaria xith frzz-flowing ~llai f istem habitat 
along the Verde River, it is clear that the tributxies were not randomly chosen by the eagles, W e r  120 
river kilorncters of mainstem received two \?isitations by perched nomadic eagles, while 361 ki$orn$ters 
ut- tribrrtziries showal 26 perched visibtions, 'i%'cz recognirre &at this cornpaison may be biased because 
thers: are other tributaries that enter the Yerile River between Camp 'L'erde and t-fcrseskoe Reservoir. 
However, thew tributaries are relativelq smail and, except for Fossii Creek (used by the East Verde 
nesting pair), rmrmt: probably contain resident 6sh popul8tions in bod)-size categories suitable fdr  eagles. 

Eighr tributaries along the Salt River, from i s  co~lfiuence \.vial the Verdc to the joining of the Black and 
%%it2 rivers, contain& enough wares tc prestamabiy anract eagles, The Salt's largest tsiburary, Towta? 
Creek, was visited by the rmonbreders principally wear its ~ ~ o u a h  at Rooszvzlt Reservoir. Here shdillow 
braided channels probably providd f'oraginp a~pp~rtuni t ie .  Somewhat similar habitat upstrecina on Towto 
Creek, howell er, appxently did wot artract them, although the Fort hTcT3r.lu ell jut e~ i l e .  JMO3 perched 







in  ehf "76" tewrsitrarq once in early Sibarch. Severdl birclc xt~ared jn %-iannty, sc? i t  I? poisihale the> 
hunted almg ?'onto Creek. psrticulariy %here: Ry? rrcck joins h 

Subacltllt bald eagles :s\isltcd Sa'iomc Creek in rhe tk in i ty  of its molath: ~ 5 e j  b~i ieve  the shnllo~i resenctir 
wdter cf  Salclne May uas the prinripd atttrrasti~n, 6Ye ohsenred wine aacln-telemetereci bald eagles here. 
in March 1987 (see Section B4.6.61. We never en:our-itered a p z r s h d  telerneterizd eagle iln the creek 
itself, altht~ugh we did o b s c ~ ~ c  an ncdn-telemztered ad-anle there. Very few reside~lt 6d-1 lasgz ~rlrlirgh f i ~ r  
eagles were o b w w d  in rhe creek hy the Fislaesles team. 

Plate -2 13, Aerial maw of the Salonte Cr@k mflow of Salome Ray on Ron.wvelt Pieservon~-, showrug .;hdilo~ >+atcn 
habatat, March 1988 [photo by D, Dnscoll i. 

S ~ n ~ i I x i y .  Pinal Creek with aa?, records of visifdtionb. ti; probably poor habitat for caglcs: it contains few. 
fi-ich, perhaps drte to pollution kct~n mines upstream. 

Cherr! Creek, usually u ith a Fdisl.; p a > d  Guu . would seem ti2 prctvide food for eagles. @'e recorded ELI 

visitations bq- radio-tagged eagles, although a few aJuIts were oh,i6rved during fisheries suxeys in winter 
and early ipring 'nece rnighf have been atxracred to ~;taeerB;?.ivi eisident dosng @se seek .  saw "1'289 



fw fish during these senr;ejs, but DriscoJ (\notes) saw i%argz numbers of carp in Cherry Creek in Iare 
%fay, 1985 (ee bzlow), 

Carpv~n Creek, on the other hand, receixed vlsit;r;tinns by ar Iaqt  three radio-taggd eagle.  We have 
lirrle information on fish a~aiiahility in Cwyon Greek, but R.  Mesta @ers c o r n , )  ~bse,"v& suckers 
tllerz Ax furthzr evidcnie of ia suitability as eagle habiat, a pair of nesting eagles resides in Canyon 
Creek some distance from the mouth, We saw no rtdult fish in one fish suwey in the lower lun in Iatt: 
spring. 

We  rezorcfed no visitations co Cibe:uc? Creek, but Carrizo Craek attract& sever& birds, dl in Sfuch,  
near i t s  rctnfluznce uirh the. Salt. In hrlicupter surveys condtlcted in March over several >ears, up EO a 
dozen eagle& were seec on the Salt mainsten1 near the mouth of Carrizo Creek (see Section A.1.21. 
Carrito Creek may attract a run of spawning suckers which may draw eagles, Additionally, its rrlativelt 
warn) flows (from hat s;prings a few km upstream), entering the eoo?er Salt River in early March, pro% id; 
a temperature gradiznt along the mainstem (from the mouth of C m k o  Greek d o w n s t r m )  that prctduzes 
suitable conditions for a sucker spawn there, We found &e remains of a gravid female sucker &ere in 
h$arci.a 1989. warmrr temperatures may result in higher prim;try producti\pity and higher invertebrate 
biomass which may draw foraging fish to tfiz arm. 

Eagle Creek, a significant tributary of the Gila River which drains the southern flank of the White 
Mountains, was kequentd by the 1988 Orrne juvenile, JZ24, during winter 1988. To what extent b e  
area was utilized by radio-tagged nonbrsders in 1987 is unknown; we did not include it in our airplane 
surveys. 

It is unclear why the radio-taggd eagles fail& to concentrate on the Salt River tributaris as they did on 
the Verde River tributaries. Except on the East Verde River and Tonto Creek, we found very few 
resident fish on any of the tributarikq we visited. Spawning runs may occur in many of the tributaries 
and attract eagIc5 for short periods; we noticed a run of suckers in Houston Greek in $larch 1987 and 
P. Carroll hers. c o r n . )  saw one in Cibecue Creek in 1986. Steve Smith, the owner of the Dagger 
Ranch, told us that in previous years tFlere had been significant spring runs of suckers and then catfish 
in Cherry Creek. Perhaps the lower flows during the drought years of our study attract& fewer 
spawning fish into the tributaries. Further howledge of the fisheria on the Salt and Verde trit-rutaria 
would help to explain rhe variation in their use, and might suggest ways of habitat management. 

River Reaches. The two free-flowing river reache of eoncern here are the mainstem Verde River 
upstream of Horsmhoe Reservoir and the S d t  River u p s t r m  of Roosevelt Raervoir. As mention& 
above, the Verdt: mainstem receivd little use. The %=-flowing Salt River attracted more visitatiom, 
but there wtre no points of strong concentration. The Gila River upstrmm of San Carlos Raeno i r  was 
rarely includd in our aiqIane surveys urltil winter 1988 (altfiough, we did normally survey San Carlos 
Reservoir); the absence of records of perched nonbreeders there is thus unsuitable for comparison. 

Figire A4.2-I, suggests that the replat& r aches of the S d t  and Verde Rivers downstr 
and Stewart Mountain dams were rnme anractive to the nonbreders than the kee-flowing reaches 
upstrem of Horsshoe and Rooseveir reben-oirs. In ail, we recorded greater numbers of perch events 
per river kilometer (. 1 l perches:'Km) on the r e p I a t d  ifea~hes than we did on the unregufatd reaches 
(.03'Kmi. There were only two records of perchings orm repla t& reaches between d m s  (an the same 
rives) but the overail number of river kiiorneters containing this habitat is small and a bias exists in the 
d~sp~optrrria~nate number of visits by one eagle (JMOSj to ehs repia t& Salt River (see Figure A4.2-1). 



Rattsvoim. Reservt?lrs fed b j  f iw- f lo~ ing rivers, especiarlj in %e kiciiniry of inalows, attracarztb &e 
radio-taggd cfnnbbrders, Rtx3seveft Wfiesvoir between Sdiiome Bay 2nd the inflow at Cit~npa~gn Rd? 
nas visited by the nomadic agles.  This zrm was also fsequentd by thc Pind adult pair, the Pinti) 
female, and non-telemeter& nomadic eagle,$ (see Section B4.6). The ar~outh of Tonro Creek also attractd 
eagles as did the inflow at H(t~.smhoe Raervoir. The intictu at San ";7rIc~s Reservoir wzs fiequcntd hv 
the 1989 Bartlett juvenile yC5oj during w l y  Jarruary f 990. 

Our telemetq dzta suggest that resere-oirs fed by regulatd reaches were less atrracrive to nomadic bald 
ea:;igl~\* We s u s p ~ t  &at the eagIa5 utiiized &ern primarily as a source of w a r e d o ~ l  in rxincefs (the smlz 
n a y  be true ~ ' Q P  u n r e ~ a l a t d  inflowsl, 

EcologicdLy, the diEerence bet~rmn the reservttlr types is probably tiiat the unregulat(tzf infloxs produce 
shdlllow. nutrient-rich bays where watertow1 and fish congregate, and the f?sh ase mlnerabie m attack. 
R e ~ l a t d  inflows contain less nutrients and less silts. However, inflows from both. umegulatd md 
repla t& r a c h s  are of special i m p o m c e  to bald eagles when dead or rnoribund fish, drifiing in the 
river current, collect in the intlow area. 

h k e ,  The 1987 Fort hfcDowell juvenile JM03 visited the lakes in fh@ vicinity of Mormon Lake and 
Trernaine Lake (acmally an u n r e e l a d  reservoir) during October and November 1987. we therefore 
includd this area as a regular part of our airplane surveys but received no signals thereafier. 

Terrestrial Habitats. The nomadic eagles f r q u e n t d  areas away from water primarily in February and 
March, although many of the observations were of soaring birds. Ke asurne that cattle carrion was 
widely atrailable during this period in connection with the calving season. Cattle carrion not only includm 
piacen& and still-born calves but also cows that die in calving (often 2-year-olds). The pair at the E a t  
Verde Territory utilized cattle cmion during 7-24 M a c h  1987 when the river was turbid from snowmeit. 
Terrestrial habits may also supply deer carrion, rabbits and other mammals of appropriate size, uplmd 
birds, and reptiis (see Platt 1976, Ramata 1984). 

During 1987-1989, we placed radio transmitters on 15 nestling bald eagles in central Arizona and 
0bsen.d the behavior of some of them fro_m their first fligh& until d e p m r e ,  During the pc3st-fldging 
period, which r a n g 4  from 18 to 65 days (>r = 4-4 days), the juveniles receivd food drnost entireiy from 
their parents irhe youngsters a,-caqionally found cmion and one may have taken a live fish) and began 
soaring a few weeks after fldging. A few birds exhibit4 false starts, traveling vilrying distances from 
their natd temirories in what a p p w d  to be migration, only to return to the nesting ares on the same 
da? or the next. We o b u i n d  data on 9 1 juveni la  as they actually departed, track& the migrations elf 
nine across the continent, and fi~llowecf ome briefly as it migratd through northearern 0regr)n. All ten 
migratiom were northerly, md the birds traveled from 925 km miackf8ot Reservoir, Idaho3 to 1,955 kraa 
(Swan T&e, Manitobaj before stoppizg for extend& periods: sever& may have travejd hi_lrther. Habitars 
varied a m n g  stopping placet: two birds went to "r'eliowstone Lake, but one eagle stopped in open 
ranchlmd near Dillon, Montana, and another reversed its cvursd upon reaching the coast of ~aof ie rn  
Oregon mad flew! soubhwasd to the coast of nartfiern Cdifomia, 



Wa; redetect& eight of ehe r d i o - u g g d  juvenila in Askona in the fall or winter folic~wing migration. 
Two were first detect& !in late September mind may have remmuf earlier, %a Mi ,  winter, and spring, we 
monitor& the novernens &roughout centrai Arkona of the return& juveniles, dong with five radio- 
tagged subadults and three nar-adults, in roll-call surveys by a i ~ l m e ,  We conrinud to track the 
seiocatiom of one telemeter& juvenile (JZ02) during a second year. 

In exmining the movemen& of these nomadic birds, we .found them using a variety of  habitats. They 
fiquenturf reservoirs thrclughout central Arlzona (see Figure A4.2-If,  particularIy she inflow areas, but 
$so zone$ of open water. mese reservoirs providej waterfowl and fish carrion. Tfie nomads were also 
artraaed to cemin tributaries, more so than mainstem habitats: specifically, we record4 few visitations 
on the mainstem Verde River from 'Morsahoe Raewois to Cottonwood cornpard to more numerous 
occurrences on West Clear Creek and the E a r  Verde River, We record& no visitatiom on Chery  
Creek, a prominent tributary of the Salt River, but the m u &  of Gartizo Greek attract& telemeter& 
eagles, and more were seen &ere. Fisherim surveys found good populations of tcstdent fishes in the East 
Verde River (a t r i b u t q  of the Verde) and Tonto Creek, but ocher tributaria seem& to bold f e ~  resident 
fish. We sumise tfiat sspavvning runs of suckers and chunnel catfish %<end the tributaries in spring, but 
in the drought years of 1988 and 1989 these run? ma) have been rduzed or nonexistent. We found the 
greatst  eagle use of the East Vetde River in 1987 when precipitation was highest during our study. 



r%sseaming no immigsaricin (v- e~xligration. rhe career of any popularion can be ~Zaxasterizd h> a sir-rrplc 
cguanion ~cvolving -;"ic. d~fl'ere;~cr. between the birth rate and h e  death rate, If a popuiation begins to 
decline, we :an be sure that ndtaliry has been exc&& b! mohtafity, eiher hecausz reproduction has  
decrs&cd, mortdit: incseawd. or hod;. Because the birtla rate of bald mglcs, even under the h s t  
of c{>nditions, is fdr lesi; robust than t h ~ m  of most other birds, we must assume that natural ssurvivorship 
is far hlgher than that ttf  mclst other birds. High sumivorship in pristine r i m s  h a  left its nark rrn baid 
eagles @ a longdelayed maturatiitn process In which full aduft plumage is nor at tain4 until the filth tcm 
iuee Section A5.11. 

In the second haif of this century, sects';'; i dan& an i r n p o m t  lesson about species decline$. When 
regional populations of haid eagles, peregrines, ospreys, and hroun peiicans mysteriously p l u m e t d  in 
the 1950s and 19Mts, cc\nservationisrs and scientisrs scrmhled to obtain data on the declines, but were 
t~10 latc in identiQinp the causcs to aver: the total loss of some populations, Sdlrnle 406 known pair?, trf 

neqting peregrines east of the 3lississippi had h e n  extirpt-lld by the time dieldrin and DDT here 
inplicatd and banned. Tnese cherni:ais affected both central elements of demography: dieldrin caused 
direct mofiality (Nisbet 1983). and DDT, through food-chain magnification, cumpromistxi the h i d  rate, 
If the hxn?ful effects of either chernica', had a x p d  detection, & h e r  losses. over grmter porriolls of .the 
peregrine" smge would have been sustained. 

R%en peregrines began to decline in the east, n0 one knew which side of the demographic equation was 
operating, only that large numbers of ey r i s  were vacant. W e n  DDT was identified as the cause of ncst 
failure, it cane  too late toe late to avert the cotlapse of the population. The role of dieldrin in causing 
direct mondity could only he inferrerf in retrospect. These events clearly show that in order to prepare 
for the evenmality of population decline (a cornerstone of wildlife management), it is essential to 
understmd the life history and ecological factors that influence birth rates and d a t h  rates. 

In this sectiora, we provide an overview of how hdd eagle populations might have been r e ~ I a t e d  in 
pristine times. As a way of better understanding the implications of the demographic data prmentd  later, 
we attempt to explain reproductive rates, delay& mmrurity, why floating populations of nonbreding 
adults exist, and the adaptive trade-offs in the selection of nesting habitat. We then s u m x i z e  the 
knowldge now available on each of the known hctors aflecting reproduction and monality of Arizona 
bald eagles, and we  consicier ~5r ;  availabie evidence concerning the genetic& significmct: of the Arizona 
gene pool, Findly, we estimate &e stasus of the population, 

AS-1 BACKGROt'hXl oi..; POPCLATIBX REGULATION BX BALD EAGLE5 

The evonusionxy ezologist. Richard D a ~ k i n s  (1982'8, would dwcribe a bald eagle a '""survival 
machine," d s i g n d  by nabrai selection with the sole hnction of replicating its own genetic "sufiware" 
and gossibly those idenri:al sofiware carried b! close relatives, An individcnd bald eagle is a device 
p r o g r m ~ z d  to m;ir;imke Qse representation of its genes in ehe gene puols of suicwding generaticins, 
while a population of bald a g l s  as simply %he statistical, biological utmequence of the actii-ities s~of  
individuals iWillims 19061. 



If H e  accept t h a e  definitions, we vscjuld expect individual b J d  eaglzs to reproduce themselvs a much 
as possible over their lifetims because those that did so in the p a t  are most likely rta have inrpand the 
genes for such tendencis to the current population. But at least twa, f d c ~  about the life history of bald 
eaglm appear c o n t r q  to &is assumption: (1) bald eagles usudilfy Iay onfy two eggs per yea, and (3,) 
individuds do not normally attzrnpt to breed untif they are at lat four or Gve >ears old. %Thj would 
eagles lay so few eggs and wait so long trt breed if a maximharion of descendants were the strategy" 

The truth, howe\rer, is that neiaer of these t ' a c ~  are contradictions. X e  n~ention them o d y  to iilu6;aate 
the accuracy of the evolutionq definition, md  to explore the hasis of pnpuiation structure mind 
repulaticln. 

The issue of "smdl" clutch size was mrrectly explained hy David Lack 11954), when fie discctverd that 
for many species of birds, larger-&=-average clutches or broods actudly resulted in fewer surviving 
offspring. He fcwnd that optimum clutch size was almost always related to food availability. Individud 
oflfspring in larger broods received less food, and sur~ived less often. or faiIed to enter she b r d i n g  
population (see also Lack 1966). We may g5sume (on the basis of countl&qs studies of other organisms') 
that bald eagles usudIy lay two eggs because that number tends tu produce the greatHt number of 
surviving young (or at least produced the greatest number in pristine times when the genes controlling 
clutch size evolved). Two-egg clutches are characteristic of raptors having the high expect& longevity 
associated with large body size prawn and Amadon 1968, Ib'ewton 19793. 

The second apparent "contradiction," that bald eagles do not normally assume full breeding plumage until 
age five, is actudly a way of increasing lifetime reproductive performance. First. it is risky for a young 
bald eagle to resemble an adult on the oft'-chance of breeding at an earlier age. An inexperienced intruder 
in adult plumage would invoke dmgerous aggrmsion from a territory-holding adult, whereas a young- 
looking bald eagle might be tolerated or even fed. Second, attempts at early breeding, before foraging 
nnd defense skills are fully develop&, are not only ineffective, but may compromise net lifetime 
reproductive perfommce as a result of physiological stress. 

SmaH clutches and long delays in first-breding are c o m o n  in bird species where the number of places 
to nest is in short supply. Oceanic birds, such as petrels and albatrosses, that nest on pelagic rocks and 
islands, tend to fill all available space with nests. The result is that many birds that are old enough to 
breed cannot do so without displacing those with nests. The would-be breeders form a "floating 
population" that replaces rniscing members of breding pairs as they occur, The aggregate of breeders 
and floaters tends to deplete food supplies around the islands, and the birds are obliged to travel far and 
~ i d e  to for8ge (Ashmole 1963). 

From this it is a q y  to see why a bird such as the short-tail& shmswater does not normaily return to the 
breeding colony untii three or four y e a s  nf age, and does not breed before the age of f ive to eight y w s  
&ack 1956, p. 261). The problem is p m i y  one of amssing suficient bodily resources for egg 
production and incubation, and partly one of raising young. The latter 1s especiaIIy dificult and costly 
in the hce  of sparse local food resour,-es and strcrng competition for nesting spacz, Age and experience 
are the requirement,% crf S U C C ~ S .  



Curiously, floating adult populatirtns of rmonbreders have also been dissrpvered in nitn-colc.tnial bird5 
(those whose nests are more scagerd in the iandszape). The existei-ici: o f  t3~jafe1-5 is verifkd %hen Iwif 
mat= are yuicklq replazd. In h d t h y  popuiatia~ns, there is vcrj rapld replacement (often within hr~usb) 
fc?lH~)w;~ng rhe experimentlit removal of members of mat& pairs, as if the extra adenlts were "waiting in 
the wjngsn fur a Yazancy, If individuals are " ~ g i n g , "  from an cvolutirsnar? stmdpr>int, to mxximize heir 
iifctirne rates of reproduction, &ern why would one choose to be a floater when suitable unoccupi& 
nesting hablrar is available? The a w e r ,  of course, is that suita'ofe ilabiriac is pr(2bably not available 

Many species :sf birds vigorously defend not r%&y their nests, hut a car~jidesalale area arcaaind their nests 
containing heir  food supply. Pairs are I m t  tolerant of one another whm foot is scarce; when food is 
abundant, pairs occur in higha density and show less terrieorizl strife. If hahitat is horn~genmus, 
territories border upon one mother and form a mosaic in the landscape, Tne size of territories, and thus 
the densities of pairs, are a hnction of the degree nf tenitorid aggression which is inversely related to 
the richncqs of the food supply (Nelson a d  Mevers 1976). Territoriad behavior, then, is a rnrjdium by 
which breeding density is adjust4 to food suppl) (RatcliEe 1963), 

Terriroridity has evolved in r e y o m e  to what Lack (1954) termed "densitj-dependent factors," the 
influences on populations that wax urd wane a hnctions of population density. For exmple ,  when 
unoccupid habiibi~t, rich in food, becorns populatd by b r d i n g  pairs, they first esperierlcs a high rate 
of nesting success. As they increase in number, however, the population begins to impact the food 
supply; not only is the resource stretched thin, hut its capacity for regeneration may also be reducd as 
the number of consumers increases. As these changes occur. the sun ivd  rate of offspring decreases, 
and there may be more predation or disease, yet the population density can remain high, and competition 
for territories intense. Only by successfully excluding competitors, and &ereby buffering the loss of food 
resources. can individuals succeed in reproducing. 

The adaptation of territoriality. encouraged by this process of negative feedback, has the effect of 
dmpening the numerical fluctuations of populations interacting with food supplies @opulations that would 
othemiise periodically crash), The result is long-tern stability in breeding density. Exceptions to this 
occur in regions where food densi@ varies widely from year-to-year as a result of envirornenM 
homogeneity or large variation in climatic events. For exmple ,  in the arctic tundra, the densities of 
breeding rough-leggd hhawlrs and snowy owls may vary widely in resporlse to l e m i n g  de~sit izs CI-fagen 
1969). 

Yp to now, ~e have been Wking abou: a mosaic ctf territori~s that expand and contract mainfy as a 
hnctron of food density in two4irnensiond (]en@ r width), homogenajus habi@t. Does popuiatiitn 
r e ~ l a t i o n  of baid eagles in hrizijna Et this generic mcrcfel? 'There are a ~lurnher of reasons why it dous 
not. 

First. riverine bald eagle habint in Ariaona can be regard& a asone-cfimemii?nal: rivers are curvy lints. 
so territories tend ro impinge upon m e  another "end-to-end," bur not from all sider. lfiis should make 
them easier to defend, since &ere are, at most, or$ two adjacent pairs. Se~ond ,  tood may not bz the 
ilizli~y rsource  worth defending. Arki-a-i~r h d d  eagles neAr maid! on zliffs or in Ixge rlparim ttrea* 



raeitfie~ of which are cuntinuorrslg distributed. e'herefore, terrirot-ies may he sqaiaraled b) unsslitaahle 
hableat, Even id ;Biifs nr frees were ~ r a  abundance everywhere. a diszr)nt~nraitj ipt territories might he 
typical hccatise factors affecting the oc.;urrence and tulnerabilit? of prej ma) not be equal!! distributed 
dong riirzr\ (%CC Sections A i . 3  md A3.41. 

Anorher depmure from the ^genericF population model i b  that baid eagles are armed, a ifis typical (if 
raptors, and are more capable than most birds at excluding other pairs. In Arizona, pairs rarelq nest 
close together (exception: AlamoiJves tt'ash), &though they sometiitles share reservoirs as %raging areas. 
merefc>re, it zppearq highly ustlikely that densities nf breeding pairs ~f bald eagles iin Arkonil wtmid 
increase to a point of' cdusing density-ciependent redusions In pre)', On the basis of our res~arch, w e  
iiouht that preq- popufations in dZrkona are ever impac t~ l  by foraging bald eagles even locall]. 

There prsumably comes a time in the life of every floater when attzmpting t ~ i  displace a territory holder 
is a better strategy than waiting for a vacancy. Evcrlutionarp theor!, predicts that the intensity of 
reproductive effort should increase with age. ?be  reason has to do with the concspt of " r d p ~ ~ d u ~ t i \ e  
kafue,' which refers, in this case. to the in~reasing. h e n  declining expectation of future fecundity. Whcn 
an indivicitral recizhes a certain age, the risk of a damaging or fatal encounter with another adult in a 
territorial dispute carries less of an adaptive consequence thm at cazlier times in the life cycle. Winning 
the nest site carries the possibility of reproducing, while being killed or injured does not differ greatlj, 
in terms of future reproduction, from avoiding the confrontation. 

It is unknown to what extent bald eagles fight over territories in Arizona or elsewhere, although there 
have been direct observations and inferences of mate displacement (sez Section C3.7). Presumably. the 
higher rhe survivorship of each yearly age class and the higher the overall numbers o f f  oaters, the greater 
is the expected frequency of territorial fighting. Haller (1982) described just such a pattern in his studies 
of nesting golden eagles in Switzerland following their legd prtttection. As the overall numbers of 
nonbreeding eagies increasd, a greater frequency of intruding birds at nests substantially impact4 the 
eagles' nesting SLICC~SS - a §turning example of a densitydependenr fedback mechanism reelat ing 
natdity. He menticrnd that. ",..pairs frequently confiontd with single eagles in spring have no breding 
success for years due to their increasd territorial activity," Hdler saw eagles kill or seriously wound 
one another in territorial fighting. Hmsen (1987) believes that nesting interference bq flctaters is an 
imponant ele~nent in the regulation of total population size m o n g  bald eagles in southe~5t Alaska. 

"Ie uunknown factor in this cliscussion is ~ h e t h c r  habitat is safirratd iin Arizona, i,e., whether all 
senriceable hreding locations are filled within the range of dispersk. If serviceable. unoccupid habitat 
exists within the southwestern United States md Mexico, wouldn't we expect floaters to found ne% 
lerrirories rather &an wait for vacancies to occur at occupied sites? The ;mswer tcs thi5 question f i r ~ t  
rquires knox ldge  of hox neu nesting arcas come to be occupied lp. bald eagles. 

When a particm'rar river section contaim exception$ food resourzes, but jacks a tree or cliff, will eagles 
~lect on the gmund? The mdlswer is significant because it ;lear1y csplains the phenonrenc~n of floating 
populations. Became eagles hardly zver nest on the ground (but 3ee Sherrod pt czl 1976), ue  would 
gwss that those that did so in the past left relatively f e ~  descendants cornpard to thcrse ~ h o  acceptecd 
31dy trees ctr cliffs. The likely reason ~ h y  eagles do not nest on thz grarund is tkade it is dangerous to do 
so (Lack's ""proximate" reason; t a c k  4954)- and genes encouraging eagles to d:i st: wvtrld leave feser  
replicaem pack 's  ""ultimate" reason), If eagles were shol-e-lived, that is, if they had relatively 10w 
reproductive value a: any age (set. above), those &at nested I;pn the r o u n d  might leave more propen: &an 
those that did not. 



Plate A14. Blue Point eaglets (6 wwks oldj in neat 6, with Four Peaks 3,fvlolmtain in the background, April 1992 
(photo by D. Bnscoll), 

The selection of Dreding habitat by an eagIe is tbereforz a compromise betwee11 the expectation of 
reproductive success and the degree of risk (md other costi! physiological investmenB]. The habitat 
elements being selected include the nesr site itself and a foraging area. and each of these contains a subset 
of variables r,e.g,, fish abundance and kulnerability, isolation tion disturbance, defensibility 1 that add or 
subtract to Ihe quality of the hreding area. From the standpoint of the eagle's life history strategy, 
habitat is optimal when its componenb allow for a maxirnuna number of suwiving young and a ~ninimum 
rdui t ion in parental srrrviwrship and future fecundity (see Hunt 1988). 

Hll3othetlcaliy. if prctductivit~, 6;unrivc?rship, and fmsd suppiiec maintain themselves, visk~ally all 
scmiceahlc breding focarions iSBLs) throughout the landscape will soijner or later come tr3 be defended 
bq pair5 of eagles against a floating pagulaion of aduaPls and near-adulw. "dearll; irops of young eagles 
ahi l l  augrnznt the tluating popuiatian until tllc number of n~o~al ie ies  equal the jear1j cahirre 01 ywng. at 
wI-ii2i-a time the population stabiiires. The interesting point about &fais scenario is that, eyen if dl 
individu:ds survive to old age, the popiijatieira &ill still re,fcfi equilibrial~n. For exmlple, if ail inciividurnls 
od a cofiort like 20 year.i, then die, the nurnber 05 mortalities ii? thai year matcl,es the yearly ~ l ~ i ~ n l a e ~ .  ~f 
fledglings {if &_hz number 14f nesting palrs remnins rhe sasne). ?me absoiiite s k e  {sf this populat,dior% will 
be 20 times the average nurnbzr of young fledging each )car, 

JYith that man! bald eagles cc~rnpeting f i ~  frmd and nesting territories, time is a sta.i3mg possibility that 
dcar\ir~-dcpztadent feedback on  srirvival and laciting su:;;e.ic w i i l d  reduc? the pitpulzion, Ho%e~a.er, ehe 



hypothetical example In the previous pil~agragh chows thdt such density-dependant checks on p~jpulatlt~n 
growth arc not mssntial fitr a88 eqililibrium to be achi2vd. La& (1966, pcdges 29'3-2F)3) inctmectij 
doubted this Pact in nlaintaining $bat without densit>-dependent feedback, popularion wh~tlld a3ntinuc 
tc? increase indefinitely. 

Returning to the questicjn of how eagles night be disposed toward rbxupj ing new nesting habitat, i f  f h h  
populations and foraging oppobtunities in pristine periods %ere somewhat stable over the years, rflen it 
is likely that all ST3b.s ~ o u l d  be occupid by pairs of eagles. In such cir:umstmces, a floater's scrxd) 
option wr>uij. be m fill a ~acaacy at a tenured site. The best stratzg: fk3r this might bs to cctntinrtonsl> 
search an area with a high density of occupied sites for m opgortuniry of displacing a renured adult or 
regtgcing a mishing one. M'mdering about h e  lmdsiapt~e in sear& of unnccupittrl breeding hal~itat uould 
ha% e been less adaptih e. 

IJn rhe other hand, it is unknown vchetli-ier food supplies were stable in arrclent times. In the arid 
southwest, telnperature and drought cycies may have periodically rendered habitats inhospitable, that is, 
t ippd  them toward the risk uE investment and m a y  from suczss (see above), so that numbers of 
occupied territories may have varied ovver the centuries. fn such a case, there ~ o u l d  have been more of 
an adaptive prerniuni on the ud hoc evaluation of hdDitat quality than in areas with more stable 
en~ironments. (Exploiting a vacancy at tt occupied site does not require such an evaluation since the 
occurrence of fieclgd young a year or so previously would more or less demonstrate the acceptabilit) 
of a territory.) A wholesale occurrence of vacant habitat would probably depend mainly on how rapidly 
the environmental cycles increasd ule number of SBLs. 

In any case. it may not he within the genetically encodd adaptive strategy of a bald eagle to readily settle 
in unoccupied b r d i n g  habitat, Vacant sites in pristine times may have been quite rare. owing to the 
pressure of floating populations to quicMy replace missing mates. In the past, the discovery of vacant 
habitat might even have been suggestive to an eagle of unseen, adverse agents that had discouraged or 
eliminatd previoliis tenants, It is therefore plausible that many floaters may continue to compete 
vigorously for tenurecI sites, even when suitable habitat remains unoccupid, 

We describe in Sections A5.2 and C3 the knou~n mortality kctors aficting Arkona bald eagles. 
However. because obtaining mortality data is largely circumstantial rather than systematic, we have no 
current opportunity of estimating either a life table ur overall popuiation size. %*e can say, though, that 
there is no evidel~ct? (or logical expectation) whatsoever to suggest that dznsity-dependent checks are 
ctirrently operating to regulate an?; of the three segments of the pclpuiation (breeding pairs, suhadults. or 
floaterx). The distribution of breeders is c l a l y  a matter of physiographic and biotic events tbzt r  bear no 
relationship to population density LF an iinf'luenc.,, It seems (to usf ver: uniikzly h a t  competition for food 
among mobile subadults and floaters is suficient tu influence sumivcrrship. We say this hecause breeding 
hahitat is rellitiveij rare in the landscape, while survivd habitat is far marc abr~ndane, given the wide food 
niche of rhe specie&. 

The occurrence of a r~ibust Boating population is highly desirable &-am a nmaaagemcnt standpoint t7ccau~i.e 
floaters quickly replace the losses of breeding adults, and because floaters create a pressure totvard 
crccupying ne& habitar. We therefore regard managenlent sfforts aimed at maintaining sumi.rorship df 
alI age cla~se$ to be of clex benefit to The welPae 13f tRe overa:l popuiation. Namrl-llly, the stirviva1 sf 
an adult is far mctre significmt than chat of a yxmger ~3,012 be;arat;r of the attrition nf each eollrir8 dmrintg 



idLs length> advrzncs ti;) adul&t~od. But given the smali size iif the Arbcma pnpuidtii,n, a basii s - 4  its 
st3biizty is ~ u ~ i a ; c * s s h i p  tram egg to adult, 

M e  do not have w )  direct information % eo whetPler h e  ba1d eagle pr~pulaairln of Arizona ix a~~grncnts!  
bq the ir~-lmigratbon alf ~ndividual, from outside i&s hrtrderts, dfnough it is lih2lp that the few kntw-n 
outlying pairs in d ia ien t  s ea s  t.~B'the xeric southwest are integrd. In Sectiora A5.4 pi~s discus5 evidcn~e 
fur and against the idetl that the Arizona pnpulatinn was recentf! fou~daud by im~~igl-dnts. and &at genes 
durrently flow inen thz population from sources Par rrer.;aovcd. ff  true, managers nxghr hc ~ n ~ i i a e d  tt3 
e~tlbrace a more casud apprtlach to p r e s e ~ i n g  the fives of Arizona bald e a g k ,  since Ir3cril Je;l~nes might 
be buffered by zagIes immigrating fiom far away. But until h i s  idea can be verified, it is rncirc prudent 
tit ashurne that the Arizona population is indeed isoiated and may contain genes and coatiapt& gene 
~ornbinations apyropriaxe tu local conditioras. To assume otilerwise, in the absence of proof, is tct put the 
population at risk. 

Plate A15 Two eaglet5 (7 weeks old, at the Xve'~ Vl-ash breeding area, March 1992 (p$i)to by D. L 2 r i ~ ~ i a j I ~  

Im this section we bcgirn with a biseiintl of ,4rizt.naV5 produzeiam of young, mnad then discuss the generd 
n-nofiality facti~ps wi~ich upcrate to reduce the yearly :ohofis 63i'eT the various stages of the life cycle. On' 
f~:%riicsrlar interest in the curreant eecaion is a discuqu5~n srf h~cmitment and the apparemt age structure o f  



the ~ n n b r c d i n g  prtprtldtlon a~ evidencd h"he age of  recruit^^ Re:atrw z-rrnadi of the infc>rr.i.tai8itn rirl 
mortalit) i s  circum\tmtial md descriptive, oiir ilicre iew will be t t r  ief, "r'l e? urge thc ~ceere.ited rreacfes 10 

co~sider the specifk detail.: k m  aataiiry and rnorhlity in Part C o f  Qxis repert. 

.4%,2,1 Natalit 
In Section ,A2 wi: showed that productivitj, nest success, and nem brood size in Arizona. did not vaq 
.;igniiicantlq from that of other bald eagle popufaticjns, Similarly, nestling survivd rates d2 not differ 
signiiizanrly h! ('hi-Squxcf b e t ~ e e n  Arizona baid eagles tin2 obzr  popularions rhroughout North 
Axcrica. Stalmacter 61987) presented data tjn 133 yrzung, of which 65 perbvenr fledged and 15 percerle 
died, The Arimnn, bdd eagle data s h o ~  that of 276 aagtets that hatched, 81 percent tledged and 26 
perxnt died. a ratio verb cloc;l: tc, that rtf the other pogutationc. Irt aggregate, rhe known 4rkona 
populatiora hiis p r t rd i l~d  cf yearly average of 19.2 fledged young [range =. 13-24) during the past five 
years t'lY85- 1990; 

:%5.2,2 *Mortality 
fb'0 matter how %ell the aggregate of ncstlng pairs is reproducing, rhe r~veral",rnofiality rate muit hz low 
enough to provide for sufi7cient recruitment to the breeding population. As we have explained, a healthy 
ratio of births and deaths results in tke accmd nf a Roaring populatioaa s f  ncrnbreeding adults from which 
vacancies occurring at nests are quickl: fi fled Munt 1988). The existence of this largely unseen Boating 
population is the consequence of saturation of all serviceable breeding locations by pairs (see Section 
A5. I ) ,  If members of pairs disappear and are not quickly replac& h) fioaters, then an exorbitant death 
rate may he implied. The excessive mortality may he occurring at any stage of the life cycle or in a 
combination of stages, from egg to territory-holding adult. Once tie supply of floaters is exhaust&, a 
population decline to extinction can occur rapidiy and without warning, since there is little way to have 
detected the decline in floater numbers. For nesting bald eagles in Arizona, these matters are particularly 
signiticmt because the population is small (see Section A5.4.2 for discussion of small populations). 

Determining mortality in a species as uide-ranging a\ the baid eagle is a difficult task. If nests are 
monitored m u a l l y ,  recording nestfing deaths is relatively simple, but once an eaglet leaves the nest, the 
chances of obtaining data on its whereabouts x e  minimal. Similarly, the vagrant nature of subadult$ and 
n e x - a d u l ~  limits knowledge of mortality factors affecting thesz age-categories. Finally, rhe desert 
climate promotes rapid decomposition of tissues, which minimizes the chance of successfully determining 
the cause of death during necropsies. 

Table A5.2-1 lists some of the f'dctors that can cause or contributt: ti> the moaTality of a haid itagle from 
the egg stage to breding adult: each factor is discussed in detail in Part C3, Sot  includaf are influences, 
such as disturbance, tihat can affect the aduirshability to produce eggs. A s  shovcn in the tablc, thc most 
vulnerable period in the life-cy~le ir that horn egg laying to fledging. Once the young have lefi the ncsf. 
the number of known agents of mortalit:, decreases, but the net 'rffixt a?al rhs ~>opufation of deaths arnnng 
older eagles may he more costly, owing ti? differe~ces in rzprcrdildhii-e value [see Section A5. i )  

Egg Mortality. The cause* of egg rnorralitl are rilr~15 analyred dine tcr the e i i f t~ iu l t~  in r e w i  ering whole 
eggs betore scaveaagcrs cI1ter the n s t .  the lClS egg5 In the Arkona silla~ple Qlar did not hat&, the 
zpparent reakon could only be deduced in 87 cases i 15%) Fi_mre A5.2-l  r ,  mostly as determind during 
our study (I3 cases). Disturbmcc raear the nest appeared to be responsibie for the most known egg 
mortalities, f~llowed a71 nest intindation a rlsing rcsewoir i ,  Eurnan-inrluil.4 mortality resuits trtlnl 
the fact &at most nests are loca~ed on rivers and resen-oirs tha"sct3nr razreaticnd 1iea3s of the Phoen~x 
metropolitan %Tea 



Plate A%6, Kesblmg bald eagle (".5 weeks old) 111 Arizona, Apni 1991 (photo by D. Dns-ollj. 

N ~ t l i n g  and Jt~venite 3ictrtality. Of the 2-6 knoa n young haf~hed in inArizt?na, 232 (84.1 ?T flsuri! ed 
ti) Iledge and 44 died: a 15.9 p?r:ent nectiing rn~rtal i t j  rate. This f?gu~ll.c? IS cnmp;nr'rahIr. nirh she 
15 perant  repi~rtrd by Stalmaster i1987) for other bald eagle populations F i g ~ r e  225.2-2) 

?Ye knou 61% 13 additi~nai post-tldging eagles thxt died prim to depastiwg tan migration, for a total i a f  
57 kmwn juveniie mi?rta%ities, a 20.7 percent juvenile mnrtaiity rate frcom hatching to depamre. Tt is 
mpiirtant ts2 note that this aaumber represents a m i ~ ~ i n ~ u r n  mortality figure, par&izuiari> nn respect [is port- 
f3edging juveniles beca-etae they are rnsrc. dix%cult to nacanitor. hlost data Lollecdron in she past @:, the 
ABE*Qt'P) s l n d d  tct ;ease once the eaglet left uhe necr Acmaliy witnesing the mnradity of  a t l a fgd  
lirveslile nr thding rti; iz:zs is an tiniikzl:, evznl, unless tile eagle w a  radio-tagged. 





Meat stress was appaentHy rep1miDle for most known juvenile mo%rdliticss fiiilow 4 by U & E O W ~  fzctc8ss. 
falling nr disappasing from the nest, human dist~rhance near the nest, anad nest para%itt:s. Ira b t e p r a i n g  
F i e r e  A5.2-2, the reader shoufd be aware that the rejarive v d u a  in the nton-rafitv cariregc?ria repr&%ent 
ordy our d d u d i s n s  concerning the principd cause iw each case, Some OF mmj of these deaths likely 
rsulted kern combinationc; of F&&crrs. 

Xest pgraitc5, specifncalIy &e hlexis-m chicken bug, were probably tfie primaq agents i ~ s  the deaths of 
five natIings, and a contributing factor in four d d i t i ~ n d  caes.  This ectoparasite is a blood sucking 
insect of the Girnicidae family, which lives in or near the nest and feeds on the eagles (see Section G3.4 
for more infcjmation), fn some cases, chicken bugs probably weaken eagle nestlings to a point where 
they succumb to other factors. The loss of fluids to chicken bugs may compound the dehydration 
problem associated with heat-stress; it may be that premature flighB are ef fom to r a c h  water. 
Nestlings have been obsewd fdling from nest cliffs and pinnaclcq while seeking shade. both in this and 
past studies (see Section C3.5). Aduit eagles in Arbona frequently drink from s t rems,  especially after 
incubating or shading young at exposed nest sites. We obsemd eaglets, on first flights, fly directly to 
shorelines and drink water; before &is, the o d y  water they received was in and on prey deliver& by the 
adults. We found nest parasites in 39 percent of Arizona cliff nests (containing broods) we examind 
during 1987-3989; however, we found none in tree nes& (see Section C3,G). 

We have obbined evidence implicating monofilment, fish hooks, and lures as mortality factors aEecting 
bdd eagles of all ages. Although only one eaglet died from being entangled in monofilment during our 
study, we saved three others by removing fishing line, hooks, and Iures from their legs, toes, tongues, 
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Figure ,452-2. Causes of juvenile bald eagle lnortality in Arimna, 1964-1990 (n = 57). 

and bodies. Fishing paraphernalia is apparently brought to the nest attached to fish \klhich have escaped 
from anglers. We found fishing pxapherndia in 40 percent (22 of 55) of Arizona n s r s  (containing 
broods) we examined (see Section 63.3). 

Fdling or disappexmce from the nest account& for a large number of known juvenile mortalities 
(n= 12). Although young have been blown out of tfie nest while exercising their wings in heatrp winds, 
some of these young may have also been responding to heat-stress The normal tledging age of juvenile 
bdd eagles in Arizona and elsewhere in Korth America (see Section C2.1) is about 12 web, yet we 
show in Section C3.5 that in 1988 and 1989, 10 Arizona nestlings flrxfged prematurely (9-11 weeks of 
age), and an additional 10 d i d  during periods of high temperatura (which surpased any report& during 
1985-19893. 

All ten mortafities, and nine of rhe premature flights, were from cliff or p i m a d e  nwts: the remaining 
mgla fldging early was &om a snag nest, This pattern makm sense from the stmdpoiara: of expsted 
temperature diEerences at cliff versus tree n s a .  NwtIing bald eagles on cliffs are expos& to a greater 
mlount of heat &an those in snags or live trees (Figure A5.2-3). In cliff nests, young are subjmt to 
direct beat from the sun, rzFnect4 heat off c i i E  or cmyon wdls, radiatd and conduct& h a t  from the 





cliff substrate, minrl ambient heat, In contrast, eaglets in snag nests are exposed to direct, mbiene, mind 
refiecte6d heat f om the dzsrn floor, while young in live trees ma) k c  shaded m d  ctd; axposed tti~ mhielnt 
h a t .  

Morality nf E-'rtnlbrwders. There is very little informaticrn available on deaths annrong rmanbreeding ha49 
a g l m .  Only five subadult and near-adult mortalities have been remrde8 for Arizona bald eagles: four 
of these were h o w n  only because the eagies were telelnetered or banded. As shown in Figure AS.2-4, 
%I1 known dedhs in this age class were humm-induced; tfie ur2e drowning occnrred i~ a stuck tank -with 
a wire grid on tog, (see Section G3,6). 

Adult Rlortafitj-, Q%en nonbreding eagles acquire a territory and enter the "oreding population, it 
becomes easier to track their survivorship. A principal way of doing so is to record the replacement of 
one breder  by another and to infer iron1 this that a mortality has occurrd.  However, replacement 
within a hreding pair nay  occur unnoticed. even in a monitor& population, unIess the new adult is 
b m d d  ctr has plumage characteristics significantly different fkom its predecessor. 

There have been 39 known adult bdd mgte mortdititia in Arizona, based on k-nctwldge obtain4 both 
directly (from known deaths; n= l l )  and indirectly (from evidence of replacement or disappearance; 
n=28) ( F i e r e  A5.2-51, Replacements were determined by the presence of a near-adult in a breding 
pair, or the presence or absence of a banded individual wi&in the pair. Of the 39 known mortalities. 21 
(54%) were r e w r d d  during our study (1987-1990) (see Section C3.7). Tne preponderance of record& 
mortalities during these four years may have resulted from greater scmtiny of paired individuals over a 
larger number of sites. The breeding areas we know most about are those locatd close to Phoenix: the 
more remote sites are nor regularly monitored, and, not surprisingly, we have no mortality information 
for them. These 21 mortalities over the four-year duration average 5.25 krnown adult rnorralities each 
year, and represent 16 percent of the adult-years at monitored breeding a r m .  There is little doubt that 
more moflaliq has occurred than we have documented, so the data represent rninirnurn mortafiq?: and 
recruitment rates for adult bald eagles in Arizona. At the four breeding areas closet  to the Phoenix 
Metropolitan Area, there was a 22 percent (n=7) minimum adult mortality rate from 1987-1990. 

If there wtss no recruitment, the 16-22 percent m u d  loss of adults would eliminate the b r d i n g  
population entirely in about 10 years. If mortalities were evenly distributed, most sites would be barren 
(for lack of mates) in a much shorter period. Jvhat if, in redity, we are only aware of, say, one-half the 
actual aduit mortalitis? Apparent here is the imponmce of a hediithy floating population of nonbreeding 
adults serving as a pool of mate replacements. 

Summary sf Cause, In assessing the agen& of mortdity at vz ious  sbges in the life-cycle of Arizona 
bdd wgles, it is appropriate to ask what proportion is human-relatd. By combining the agenrs into three 
categaris (appairently natural. hum=-inducd. m d  unknown), we can address the impact hurnm5 have 
had on mortafity (Figure A5.261, R7iile the cause of egg mortaiity is largely unknown, during our study 
(1987-19903 humans uere jtldged to be directly or indirectly responsible for at itleast 26 percent of cases 
where eggs which did not hatch (n= 38)- However, in the life stages foilowing hatching, human-indued 
mortality accounted for only 17 percent of all deaths, 41 percent being apparently natural. Comparing 
the three age dasses, natural agents caused 65 percent of known mortality in juveniles, but derreacd 
groportiondly with nonbreeders and adufts, E. human-indued agents incxeasecl, In our opinion, a reaqctn 
for the Iow human-indued mondity sf nestlings is the protection oEer& by the Arizona Bald Eagle 
Nstwatch Program, active sinzb: 1978. 



Shooting 60.0% 

Fipre  A5.2-4. Known causes of subadult (a. 1-3 years old) and near-adult (a. 4 years old] bald agIe  modli ty  
in Ariwna, 198Cr1990 (n = 5 ) .  

Data on rhe mortality of breding adults will be greatly enhanced by the Visual Identification WID) 
banding of Arizona nestlings that BioSysterns set in motion in 1987 (see S ~ t i o n  C6), When these banded 
birds reach breeding age and acquire territories, the adults can be checked annually for the presence or 
absence of bands. Quantitative h o w l d g e  of breeding adult mortality, as well as insight into the 
rnortdity of nonbreders, will increase dramatiealip if breeders are annudly identifid, 

A5.2.3 Rwrui tment 
As explain& in Section 45.1, the appmance of eagles lacking hll-adult plumage as members uf pairs 
suggests an insufficiency of adults in the floating segment. The insufficiency may indicate an expmding 
population in which adults that would oaerwise be floaters are hunding new territories, Also possible 
is &at excessive adult mofiafity drains the floating population and maintains the o h s e n ~ d  prepondermce 
of young eagles. F ig re  ,452-7 depicts these and other causes of small floating segments characteristic 
of unstable populations as compared to a stable population with a reserve nf floating adults. 

In reptrrting a near-dull male paired with an adult female. Hildebrandt zind Ohmart (1978) comnaentd: 

The Arizona pdir consisting of an adult and m i m a m r e  suggestf &at Phe central Arizona 
population does nae conbin available nonbseding adults-.,. T h e  small size aaf this 



UNKNOWN 76,9% 

Fip te  A5.2-5. Causes of adult bald eagle mortality in Arimna, 1951-1990 (n = 39)- 

population may be self-limiting in that reproduction is not adequate to supply surplus 
h r d e r s  ... Existing evidence indicates that there is a lack af rgmitable mature adults 
and funher suggests that survival &om fldging to maturity is very low or &at if they are 
surviving they are not returning to Arizona to h r d .  

Hildebrandt (1981 1 also noted an apparent lack of Boating adults: " R ~ m i t m e n t  of at l e a t  one immature 
eagle into the breeding population was observed; however, the population appears to lack the posalated 
sur~>lus of r ~ r u i t a b l e  nonbreeding adults." In addition, Haqwmd and Ohmarl. (1980) not& that, "Our 
obsen~ations indicate that if one or both of the breeding pair is still in i m a m r e  plumage, the pair will 
probably noc breed until following seaom." 

Gmbb ~r a!. (1983) obsemd a nm-adult male ( ing a U S N r S  band) enter a b r d i n g  area the day 
after the adult mde d i s a p p w d  in 1983, Ri~wever, their inrerpretation differed from that s f  Nildehrmdt. 
Gmhb er a! wrote hat ,  "The quick replacement is indicative of a h d & y  population with a pool of 
nonbreding adults, but unfortunately it could also be the reqult nf mincidental circumtance." The new 
male was a near-adult (not an adult), with plumage ~ y i c d  (of a four-yearctld eagle fbrown eye-strip%), 
We conflsrrnd this point by capturing this eagle in 1987 and 1 ing that it had been bandd a a a~stling 
in 1979 by Robert Qhmart (ASt')(sw Section D4.4). 

;2l&ough vacancies in Arizona's bald eagle pairs are filled rzptpidly, sometimes within one day, most 
~ U W D  replacements %lave been young (am-adult or subadult) eagles. Of 39 h o w n  vacancies at breading 
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Figube M.26. of W d  eagle rwrtiiliq in Arizona. 

s e s ,  15 (38,5%) were filled by adults, and 24 (61.5%) by near-adult or subadult eagles (Table A5.2-2). 
However, this data is biased because an adult replaced by a full-adult may go unnoticed unless the new 
adult is handed or marked, or the previous adult was banded or known to have died. Of the 15 hll-adult 
replacements, 8 followed the known death of a previous adult, 5 were determined because the new adult 

banded, and the remaining 2 were r ~ o r d e d  because tfie previous adult was banded. Irrespective of 
tfiis bias, however, the proportion of young m g l s  a members of pairs in Arizona is substantidly higher 
than reported for any other bald eagle population (Bent 1937, Gerrard er ul. 1978, Newton 1979, 
Sdnas te r  1987, Swenson er al, 1986), 

To obtain fu&er informatinn on the occurrence of na -adu l t  eagles in b r d i n g  pairs, we sent 
questiomaires to rasearehers studying 14 bald eagle popatlatio%s" Of the nine sumey fctrms resurnd, only 
14-19 malzr-dulS outside Arizona were report& as members of b r d i n g  pairs mong &ousarnds of 
b r d i n g  areas in over one-fiundrd thousmd nest-years of infomation flahlt: A5.2-3). Express4 as a 
percentage, the known incidence of near-aduln a members 0% breding pairs outside Arjzona is 
approximately 0.02 percent. 

Bent (1937) wrote that the occurrerace of arn eagie in a b r d i n y  pair lacking fujf-adult plumage was rase. 
In Saskatchewm, Gerrad er d. (1978) s ~ t d  that, "In our personal obsewatioans of between 500 md 





Table A5.2-2, Known r~mitwaent iwfo ~ncqting pairs at Arizana bald eagle brdinag 8rea.s. 

Y e a  B r d i n p  h e r ,  Sex Age* Stab7 of B r d t s a p  Area 

1951 Rock C w k  M & F Adult R q i d  adults shot ua '51-52, & c u p 1 4 - - u & ~ o ~ a  rf eggs laid. 

:956 Bartlert ? Adult R e p l ~ d  d u l t  sfiot i~ f 969. Success%B-fldgd B young. 

1972 Blue Point M & F 4, 4 R e p l x d  prior to 13 Xas, '7%. Fasledcf---2 young mJ 1 d s l r  inred. 

1977 Fon McDawell M 4 Sucwsful-fledged 2 young. 
Redmond M & F 3,  4 Occupid-no h o r n  eggs Band. 

197R Rdmond M & F 4, 4 Successful---fledgd 1 young of 2. Posslblg. same lnale as 1977 
Bartiett M 4 Successful-fledged 1 young of 2. 

1980 Blue Point 9 4 &cupid-no h o r n  eggs laid. 

1983 "76" F Adult R e p l a d  female which died in 1982. 
Sucwful-fledged 1 young of 2. 

Blue Point M 4.0 Replaced (on 14 Feb.) d e  which d isappred  on 13 Feb. '63. 
Sltccessful-incubated and f l d g d  3 young of previous male. 
(Banded) AM01 (1979 Fort McDoweli nestling). 

M 4 Faild- l egg did not hatch. 

M 5 Faild-1 egg did not hatch, Possibly =me male as 1984. 
F 4 Failed-2 eggs did not hatch. 

1986 Home Mesa F 5 Successful-fledged 2 young. 

1387 BartIett M Adult Replaced d u l t  shot in 1985. Failed-1 egg did not hatch. 

Blue Psiat 
he ' s  Wtrsh 
Rednond 
"76" 

3.5 
Adult 
Adult 

4 
4-5 
4-5 

A dul % 

R q l a d  pnor to Qctober 1987, Succasflul-bledd l young. 
Replaced d e  w l c h  died m 1987, Sumssfui---fldgd 1 young. 
Replac& femle wh~ch died in 198?, &cupid---no h o w  eggs 
laid, 
Replacad 1987 band& female (19?9 Badlett or Ft. McDowell 
nlstlmg). Succe,%ful-fl&ge$ 4 young. 
Successhf-flzdged 2 young. gBaraitod) .$b*,O.l. 8984 Blue Point 
natlmg). 
Su~essful-fledgd 3 young. 
Succasful-fledgd 1 yomg, 
Successful-fldgd t young of 2. 
(Band&) Successhi-$l&,ged 3 young, Replac& male ncef kmdd  
in 198'7, 
@and&) Replac4 (on 4 ApnX) unbmdd m8e &at d n . % p ~ &  urm 
26 March, Faaled-2 eggs did not hatch, 



Year Rrwrrfing ,kt% Sex Age* Sfattls of Breeding .Area 

1989 C i k u e  M Adufr Replac& 1988 band& d e  {.&%$07---1977 Bartfett nrstllng) &at 
was xn ~habilikbion for brnkea wmg. Succdsshl--A&sdg& 1 young 
of 2. 

B m  F 4 kcupled-mj have been h fanst 3 
a m  F Adult (Banded) Successful-B&gd I young, Replac& femle not banded 

in '1988. 
Fort McDowell F Adult @and&) Sumsful--Budg& 2 yysug, R e p f a d  femlr: not band& 

m 1988, 
Perklnsville ? 3-4  Sib  not mupled since 1960s or  early 2970s. &cupid-no kanwn 

eggs laid. 

1990 Ptarkmsvile M & F 4-5 Possibly saw pair m 1989, Bccupid-no havim eggs Iaiaid. 
Ladders M Adult (Band&) Fail&-:! eggs did not hatch. Repfiacd male that dl& m 

1989. 
PImsant M 6r F 4, Adult (Bmdd) Occupid-no known eggs laid. Replac& female not 

band4 in 1989. 
Nam M Adult @and&) Su~essful-fledged 2 young, Replaced male not b m d d  

in 1989. 
Blue Polnt F 3 Occupied--no known eggs laid. 

F 5 Successful--fledged 1 young. Possibly sane fe~aale m 1989. 
C i k u e  F 4-5 Failed-1 young died. 

Replacements documented by near-adult in pair (28-4)** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Replacernen& documented by loss of banded adult . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Replacements documented by new bud& adult . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Replacements dmumentd by know d a t h  of previous adult . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

~ 

Total Known Rsruitmenb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

* Age esfiroatiom on the basis of plumage characteristics (E(lcCoIlough anand Krohn 1986). 
3 years old = Subadult plumage 
4 years old = Nem-adult plumage 
5 years old = Adult plumage with remnants of brown in head 

++ Four near-duits possibly ,same bird as previous year. 



A-14.4 Ecor o m  C ~ F  NE~~T"IG BALD EAGLES IK ARIZOSA 

Trtb1e A5-2-3. Results COB' a questi~m~nire of kiine bald mgle pc~puiatiopts &s6sughtsue Hrsrth Amenca, 
concerning the %~;rurrerlce UP ncru-adult (;aa 4 years oidj eagles as members of b r e d i ~ l g  
pairs, azrd %he emigration or imigration of  bmdd natlings inti3 the brr?&ing 
p<tprrHation. 

Eagles Band=$ 
No of as Nestltngs nn hnded  Nestlings 

Xear-Adtrlts :hnher Pclpuist~nn whacia Emrgrdkcd 
as Membem of which ImmigmM out of the 
Wmcdmg Pans ~ n t o  the B r e d m g  Pnyirldtion 

tn the Study of  6-1 Popuiat~on to Breed 
Source ?Jests over 1 1 3  Yeam {Drslancci (Dlsbne'ej 

Maska (interior) 

Florida 

Grsatcr Ycllowsrone 
Ecos ysienl 

Saskatchewan, Canada 

Hob Anthony 

Phil Schernpf 

Skip Anbrose 

Petra m o d  

Ai Hannata 

Jon G c m r d  

Jini Grier 

Harriet Allen 

Ron J a c h a n  

ca. 6 (180) 1 2 )  

O !"1GQs if not IOQQs") (20) 

0 (27) (9) 

No Data 

'2 (60-80) (73) 

1,000 nesting bald eagles, we have not seen even one in incomplete adult plumage." Swemon et d. 
(1986) noted five near-adul~ ("subadul& in almost complete adult plumage") paired wi& full-adults in 
11 pears of breeding area data for the Grmter Yellowstone Ecosystem (1972-1982); of these near-adulrs, 
only two repaired a nest or laid eggs, and none reproduced succasfully. 

Stalmaster f1987) mention& that "Occ~ionaj.lly a bird in subadult plumage will mate with an adult, but 
there is n8 record of both parents lacking the adult plumage." In contrast, there have been four 
documented cases of both eagla  in a pair lacking full-adult plumage in Ariwna. Thus, two pairs 
apparently did not lay eggs while the ather two pairs hatch& two young a c t t  (see Table A5-2-2). Ttrese 
data are the 6rst known to us of nm-adult bafd eagle pairs succashlly prducing young. Of the 28 
incidents of near-adult or subadult eagles in Arizona b r d i n g  pairs at 24 occupied na&, 11 i%%) 
swccmstfillly flttcigd young, two (8%) hatch& young which d i d  in the nest, three (13%) laid eggs which 
did not hatch, and ttfe rerrnaining eight (33%) a p p ~ e n t l y  did not lay eggs, 

Table X5.2-4 u3rrrp;ires thc productivity ot hiill-adult pairs with that of near-adult or mix& pairs, Of the 
various vlilues c t~rnpatd  in rfie table, onl5 one show& a significant diEerence by Chi-Squse andysis: 
cignitrcmtiy mctre hll-adult pairs wbich o x u p i d  nests also laid eggs than did nw-adult or mixed pairs 
{*xi = 7.77, df = I ,  p < O.Itl). Interestingll,. the data s u g g s t d  no diflerence in nest success once eggs 
were laid, 



Table A5,2-4. Overdl comparison of produi t ivi~y begween full-adult pairs and those containing one ctr 
ewo near-aduf t(s). 

-- 

Full-Aduft Pairs Kex-Acful: or Mixed Pairs Total Pairs 

Eggs Laid 
Young Hatch& 
'Young F l d g d  

Nest Success 
M m  Brood Size 
Productivity 

There appears to be no sex-difference in mortality and replacement of Arizona eagles in breeding pairs. 
Of the 39 known recruitments, 20 (51 35%) were mdes, 17 (43 .6%)  were females, and 2 (5.19) were 
eagles of unfcnown sex. Similarly, there was no apparent age-classdependent sex-difference in 
replacement by the 15 adults (7 male, 7 female, 1 unknown) and 24 near-adults (13 males, 10 females, 
I unknown). 

in populations with high mortality rates, one adult may have several mates during its lifetime. Stalmater 
(1987) report& that "One female took a new partner on two separate occaions, after her previous mates 
had died." In Arizona, one male @lue Point), that has residd at a breeding area since 1983 has paired 
with at least three females, with replacements in 1988 and 1990. Other Arizona sites with band4 pairs 
have contained the same mates for seven years (Cliff, since 1984), at least four y e a s  (Pinal, since 1987). 
at least three years worseshoe, since 1988)- See Section G6 for details on the tenure sf band& adults 
and Section @3 for information on Arizona nest sites with high mortality rates. 

Although some species of raptars have been record& moving bemeen breeding territories Furopean 
sparrc~whawks, rnerlins, European kestrels1 (Kewton 1979), there are no know11 cases of mate-switching 
r ~ o r d e d  for bdd eagles (Stalmater 19871, Likewise, there is no evidence for switching m o n g  Arizona 
bald eagles; known banded pairs have remaind toget.her over a number of years. and band& individuds 
have remain& in the same breeding areas, Thus, any change in the adult pair is praurnably due to 
mortality, However. Stalmaster noted &at "Although rare, three eagles have been h o w n  to form "trio 
bonds," praumahly referring to a supernuanera? adult attending a nest. During our study in Arizona, 
we verified m allcipaeric polygynous relationship in which a male paired with two females (unkfriendly 
to one anoGler), who laid eggs in separate nests 6 km apart (see Secrions B4,5 and D4,22), 



The replacement itf individuds ir* mar& pairs during a nesting cycle, m d  subseqrquent raising ob a hrod 
nos parent& by the Rev: member, has been document4 in mmy species of raptctrs (Newton 19798 Y ~ B T  
bdd aglcs ,  if a pair member dies or disappms, a new mate may be found within a few days, hut in 
some c&s not until the following h r d i n g  saqon (Stalmater 1987). Arizona bald a g l a  have 
m&hlish& pair bonds quiclrdy foffowing the dm& or d i sqpwance  of a mate, Gm&b et d. (1983) 
s ~ o r d d  a kitnded nm-adult mde at the Blue Point hreding arm on 14 Febmary, one day after the adult 
male disappwi;xl. The incubating b a l e  did not eat for seven days, leaving h e  nest for onfy 25 
minutas However, she soon begm wurtship fligh& with fie new male who subsequtntlq' h e l p 4  incubate 
and raise three yftung, not his own (see Sation D4-4). 

Similarly, a band& n a - d u t t  mde arrivd at the S R e p  breding a r a  on 4 April 1989, nine days after 
the adult male's disappeapamce, The fenrale had not eaten for eight days, and left the nest only for a few 
minurw to drink before returning to the eggs. On ahe eighth day, the femde ate f w d  we supplid near 
the nest tree. but abandon& the eggs on 7 April, The female was not aggressive toward the new milie 
and flew with him after the nest failed (see Section B4.27). 

The rate of mate replacement may he aEect4 by the starars of the breading area at the time of mate loss. 
At Norse Mesa (1987) and Ladders (X989), the males died while young were 7.5 m d  9 w e e h  old. 
resp~t ively  (see Sections D4.14 and D4.17). The femala, without 'dttrazting new mat@, each 
succmshlly fledged two young (we provided supplemental food at Ladders). At Cibecue in 1987, the 
adult female was evic t4  and apparently killed by an intruding near-adult m d e  on 18 April when the 
single nestling was five w e k s  old. The resident male fended off repeat& attacks against himelf  and his 
young, but the latter died at eight weeks of age. No replacement female appeared that s a s o n  (see Section 
D4.8, also Catroll md Housser 1987). 

Thus, the very limited data available on Arizona bdd eagles suggest that if the resident eagle is still 
incubating, it may accept a new mate within days of mate loss. However, if a mate is lost while young 
are in the nest, the remaining adult may raise the eaglets done. In d l  caqes where adults were known 
to have died or disappeared, a new eagle had entered the pair by tlre following b r d i n g  season. 

There have been many sightings of supernumerary eagle  within the breeding areas of established pairs 
(see S&?ion D4). The 7 6 "  pair w~ observed soaring non-aggressively witlr anotlrer adult on numerous 
occasions in 1985 and 1989. 'The Cliff fernde perched and flew with a third adult (male) in 1990. Four 
adults were sighted near the Pleasant nest cliff in Mxch 1988, and tbur adults were obsemed n w  h e  
Orme nest cliff on 22 F e b m q  19W, 

If the population of non-hrding nm-adult or adult m y l a  is large enough, and all potentially servicmble 
breeding location5 are oecupid (the breeding habitat has rc=achd carrying capacity), these "floating" 
a g l s  may be expect4 to fight with a tabl ishd pairs in an attempt to acquire ( s t d )  a breeding area (see 
Section A5.1 and Hunt 1988). Altercations between breeders md non-breders over n~sl ing territoria 
have been observecl in golden mgles in Swikerland mailer 1982) and black eagles lrPquila verrrulixii) 
in a o d s i a  (Garge~ 1975, Gasgett 1990). Territorid conflies occasionally result in the death sf an adult 
or the failure of the nesting attempt. 

HE addition to the incident at Cibecue des-scribd above, Morgm and Sudag (1985) witness& the Fort 
McDoweil aduf& kilt an intruding adult n w  their nest. In Sonora, hlexim, we found a dead adult mde 
beiow a nest being defend& by a pair; bdd eagle f a h e r s  cIznch& in the && of the dead eagle 



indicarcd an altercation jIjrown and Oiivera %98Si, Ron fackrnsn (RioSysrerwsa has recentdy document& 
m o  cakes in Calnlif<,rnia where mated adsit fzrnales were killed and replaced by floaters. Rrjhaeakk (19852 
reponed an adult f e m i e  bald eagle kilied in the territory of a $reding pair in Florida, 

Twenty-a~vrs of the 39 cases of recmitment fist& iin Table A5,2-2 o~currecf durirag 1988-1990, The r m o n  
for the grearer volume of recent documzntation i b  that, until 1957, these was less systematic monitoring 
iof individuaf breeders. Because of the dift'aculty of accessing remote sites and the problem of detecting 
a full-adult replacement where no bands or other distinguishing characters were in evidence, mmy more 
cases of recruitment no doubt went un~loticecl. Whether the grzater liequency of near-adults as mnrsbers 
of pairs in recent. y e a  is 31~0 an artipdct of the more intensive monitoring is unhown. It is possible that 
there are simpIy more nzar-adult,< available as a consequence of an expanding pt2pulatian. However, in 
examining Tahlc A5.2-5, there is no suggestion that ahe number of near-adults ohservd breding is 
refatd to the number 05 young produced by the known population four years earlier, 

AS.2.4 Survivorship 
Xt h a  been wideiy report& that morrdity takes its greatest. to11 an bald eagles and other raptors during 
the first year of life (Broley 1947, Cads 1960, Hickey 1949, Graighead and Graighead 1956, Brown and 
Arnadon 1968, Stalmater 19871, In bald eagles and other long-lived species, the individulils of each 
cohort suniving their first year are then subject4 to further nmortality before reaching breeding age at 
4-5 years old. Estimations of survivorship vary for dift"erent populations of bald eag l s  and for age 
claqses wit",in a population. In isolated a s e s  neariy 100 percent of a year's hatch& young may die In 
the nest, but on average 85 percent survive to fledge (Stalmaster 1987). Afier dispersal, however, 
estimates of survivorship are far less certain. 

Early reports of age-specific mortality as reveal4 by band recoveries show a preponderance of deaths 
among the youngest age categories. Charles Broley. who band& 814 nestling bald eagles in Florida from 
1939-1945, found high juvenile mofidity relative to other age classes. Of the 48 bands rewvered by 
1946. 77-1 percent died in their first year of Iife and an additional 8.3 percent were found wound& 
(Broley 1947). Later, Brown and Amadon (1968) reported 107 band recoveries (which included the 
Broley sample) of which 78.5 percent had died within their first year of Iife; 9.3 percent survived through 
their second year, 3.7 percent through their third year, 2.8 percent through their fourth year, and 1.9 
percent through their fifth year. 

Shooting account& for 50 percent of the 48 band recoveries reported by BroIey 11937) and for 43 percent 
of 374 eagles autopsiecl from 1960-1977 (Stalmater 1987). Much of this persecution apparently related 
to the myths h a t  eagles threatened livestock, fish and game populations, and even young children (see 
Rroley 1947 for an interesting discussion). Kowadays, a a result of rfiearch into food habitats and 
ducation (mainly teievisionj. fewer bald eagles are likely ro be shot. 

Gerrard rb nl, (1978) b m d d  296 bald eagles in Saskatchewan during 1967-1975 of which 56 were d s o  
wing-rnxkd, Sighrings of 43 wing-mark& birds showed a minimum of 37 percent survival &rough the 
first year of life, 23 percent thmugh the second year, and 19 percent tfirough the third year. In 
comparison, 15 band recoveries shew& 53 percent sumived their firs: year of life, 27 percent survived 
through their second year, and 20 percent through %heir third year. Although the first year survivorship 
wie5 higher in the banded smple ,  the second and third year data were similar. 



l'&I.-, A.S.2-5 Recsuiamrnat of near-mdult axad subadujt mgia inro the Arkona Parediwg paapmlarit~n* 
cornpad  813 known productivity four years slier, 

E1if~q Krmoit-w Year Available E;rmcrw~ Kmr-adults Recruikd 
Ymr Breelfjng Areas Young Fledged k c  Nar-addt  In& Breeding P<,plltafio~ 

Total 28 227 24 

Probably the most accurate estimate of suwivorship mailable to date for a bald a g l e  population was 
a3llectd in Maine. MiCollough (1986) mlor-band& 3361 nestlings from 1975-1 984, then monitor& he i r  
survival by sbbemations at artificial feding stations during four winters (1981-1885), Since the winter 
feding stations might anificially increase survival, McCoilough cdculated survivorship estimatm for the 
smple  of eagles banded prior to the initiation of f d i n g ,  as we!] as after. fn the pre-feeding stfmare, 
54 percent of the zagits ssurvivd their first year of life, 43 percent through their second year, 39 percent 
tbarough their third year, 35 percent rhrough their four6h y m ,  32 percent through their fifth year, and 
29 percent &rough their sixth year. Xn the post-feeding atirnatite. 73 percent of the a g l s  ssumived their 
firs[ year csf life, 61 percent &rough their second y e a ,  56 perilem &rough $heir third year, 5 1 percent 



&rough rheir four& year, 46 percent through &sir i33.h year, mind 42 percent ~roengh their sixth year 
(hfcCollctugh 19Xtt), ft%~Ctelloragh cmicu%atd &at %inter feeding i n c r w d  the survivaf of one- to 
ya-cl id  eagles h! 18 percent, mind he predicted sumiw.l 18 "&ettrrrical brsding age" [5 years old] was 
32-46 percent, 

fn Arizona, 4-6 nc~tlings were b m d d  during tRe studies of Robert Ohmmfl (ASU) during 1817-1 982, and 
Teryl Grubh (CSFS) during 1983-1985 [see Section Cb), We sight4 18 b m d d  birds (17 were b r d i n g )  
during mt- smdy in Arizona (1987-1990). Xf ail were native to Arizoa~a, a minimum sermivorship of 39 
percent to hreding age 14-5 yeas  old) would he suggest&, To date, we have verifid that eight of the 
IS were band& as nestlings in Arizona by Ohmart or Gmbb, and we have detect& no imigrmes  (see 
Section Cb). Among the 3 1 radio-taggd ju%?6niles B e  studied, which ieft their nacai areas ti> migrate, 
eight (72.7%) return& to Arizona, and none were h o w n  to have d i d .  

At least four eagles banded sw nestlings in Arizona have survivd through their twet& year (see Section 
66). As a norable record of ecological longevity, Cain (1386) capturd a 22-year+id male &and& at 
the Chilkat River, Alaska) on Admirdty Island where it was breeding, Hourever, physiological I o n g e v i ~  
of hdd eagies is believed tc9 be much iocger. possibly 40 or more years (Stafmastet 1987). 

During 1987-1990, we placed VID bands on 62 180.5 5% j of the 77 Arizona nestlings that suwived to 
banding age (ca. 6 weeks). These hands will provide data on age structure without the necessity of 
capturing the eagle, since the symbols can be read at considerable distancs with a telescope, Whether 
or not feding stations in Arizona would concentrate eagles for bmd-reading purposes as they did in 
hlaine (McCollough 1986) is unknown, bur as VID-banded young become breeders, we will be able to 
construct a meaningful life-table (see Section C6), 

National monitoring programs for organochlorines in wildlife have consistently rewrded higher levels 
of DDE in Arizona than in almost all other states sampled (Martin 1979; Martin and Nickerson 1972: 
Nickerson and Barbehenn 1975; i n i t e  1976, 1979; Clark and Krynitsky 1983: Gain and Bunck 1983). 
In past, these residues may derive from mixmres of technical dicofoi us& as a miticide (Hunt er al. 1986; 
Risebrough t.t al. 1986). They n a y  also derive from residues persisting in the soils of agrieulturai fields, 
particularly rhose used for cotton cultivation. 

R. W. Risebrough mdyzi;d for DDE and PCBs seven u&atched Arizona bald eagle eggs we obtained 
in 1986-1989 (see Section E4). Gejornetriz mean ie\rets (with ranges) were 5.5 ppm DDE (2.3-9.5) and 
2.2 pprn PCBs (1.2-3.9) wet weight; for lipid weight compaisorm, .this is 87 ppm DDE (31-130) and 32 
pprn PCBs (21-49), DDE levels of this magnitude have been asoziateif with a SO-percent depression 
of pr(3ductivily in a 14-state study undertaken by Wierneyer er a[. (1983) in 1969-1979, However, 
groductivit?; of Arizona b J d  eaglc~ has been relatively high, ahoue one (0.90) young fledgd per occupieri! 
nest. This is above the level comider& necessary by Sprunt er al. (1973) to maintain population 
numbers. Neirher is a DBE effect on productivity apparent in the breding areas from which ek, +es Rere 
obtain& in t h i s  study. We mtimate a threshold Ievel of DDE effects on productivity in this population 
at about 8 pprn or higher, approximately twice as high as Chat estimatd by MJiemeyer er ai. The 
gwmerric mean level of 2.0 ppm PCBs (wet weight) is substantially lower than me&< of 7.2 ppm 
(a .= 21) and 13 ppm bn = 56) recorded iin su;cessfud and unsuccssful nacings, respectively, of bald 



eagles h t  H'ieme:~er. A potentid PCB effect on p r ~ d i ~ c t i v i q  in Arizona i h  not, &esefcsre, cowsmiierexl 
likelt. 

D,C. Bland e x m i n d  the taltrastmcPure of the same seven eggshells (Section E5). A m a n  perzeaxt 
d~iming of 4,9 percent for a[$ smpi& is well below the I0 percent level ~ s o c i a t d  with reduced 
productivity in other bald mgle pagulaciom Wiemeyer ef af. 3984, Nisbet 1989). Only one egg (kcm 
the Cliff breding territoq) showed dismptictns in structure in both fhe organic and inorganic pctrtions 
uf the shell, ad&ough this egg show& o d y  1 percent &inning, Numerous Ixge "holes" were recently 
obsefid in some Calihmia bdd eagle eggs with high DBE levels and excessive wtlter lctss during 
incubation (R. Risehrough and B. Walton, pers, comm,), In four Arizclna eggs, we t'ound the percentage 
itf surfzce rum covered hy &ese "holaw wiis one or twcr orders of ma,nnimde less &an in the California 
eggs. Andysis of the correlation b e m e n  this structural ifsegularity and contaminants is currently being 
shdiecl. 

a l e  USFWS in Phoenix recently rmdyzd data on heavy ne tds  and organochlorina in fish ohrain& in 
central Arizona (King et ul. 1991), Chlordane and DDE were the most frequently detect& 
orgmochlorins in fish sampld near eagle nests, hut the levels were below those associatd with 
eggshell-thinning in bald eagles. N o ~ ~ e v e r ,  trace elements, special1 y mercury, were elevaterf , a$ were 
datminum, arsenic, cc?pper, and zinc. 

fn a smdy of contarninan& in fne eggs of Arizona peregrina and their prey, Ellis er al. (1989) found high 
levels of DDE in white-throatad s w i b  (a c o m o n  prey of Arizona peregrines), but levels in the falcon 
eggs were lower than those associated with reducd productivity. The white-thro~td swift is a migratory 
species that may be incurring organochlorine contamination in Latin America. 

Wierneyer et al. (1989) anaiyzd l a d ,  mercury, and organochlorine in the blood of bald eagis from 
fimr nofiwestern states. They found a few inseances of elevated lead levels and attributed this to 
ingestion of waterfowl containing lead shot. Mercury concentrations were also d e v a t d .  A few adult 
bald eagles from Oregon showed elevated levels of DDE, but most had relatively low contmination, 

At the present t ine,  organochlorines do not appear to p s e  a significmt & r a t  to the bald eagles in 
Arizona. However, with the history of pesticide use on cotton and the expanding acrmge in Arizona 
under cultivation for cotton, periodic monitoring of bald eagfe prey species md, perhaps, blood and eggs 
of bald eagles would be prudent. Moreover, nesting bald eagles in Arizona c o m o n i y  prey on waterfowl 
in winter, some of which might be expected to crjntain organochlorines and h a y  n e d s .  The Endings 
of King et d. (1996) suggest heavy metals in prey fishes at some nesting ruw may he a mazter of 
wncern. 

One smdy objective identied by the agencia in their original "Rquest for Pmposal" RFP). was tszo 
resolve whether &ere is gene Eow into Arizona from bald eagle wpuiations ouside its borders 
(Figure A5.4-1). If fne Arizona pairs are, in fact, an outlying but integral part of the larger Kort4a 
American population, ahen &ere would be few, if my, consequences ccjnneetd with the smslt size of the 
Arizona contingent, This, acwrding to the RFP, could have ".,, major impacts on the way Section 7 
cc)a~Htatib~m ij~f the Endanger& Species A&] are RaniS1d." If demographic periilrmmce (Hcpw 



Figure A5.4-1, Location of bald eagle krritories in Arizona and djaeent stam know to be weupid in one or 
more years since 1979. 
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productivity and!or high mortality) within Arizona deteriorated to a point where the population would 
decline on its own, it might neverthelc$s he sustained by recruitment from extrinsic sources. 

If3 on %he other hand, the bald mgles now nesting ira Arizona ape exclusively %he dacendans of mglc5 
&at have long inhabit4 the xeric southwest - and if they possess adaptations esssratial to survivd and 
reproduction in conditions subsmtially digerznt from those encountered by any other pc?pufation @igh 
heat and Iow humidity..) - then would immigrants or transplaxats from elsewhere possess the necasllry 
adaptation% to survive in the d a e n  enviromenr should the Arizona popufatinn bmorne extirpated? If 
other bald aglm could suhvive and reproduce in A r h n a ,  would population pressure hy imra~igtan& 
filling vacrtnt hahi t~t  have the effect of disrupting long-evolvd adaptive sequences still present in the 
Arizona gene pool, a process akin a, destroying the paintings of a l o n g d a d  artist? 



A$.4,L Did b l d  Fagis  B r a  i~ C~POI"B% ,kimna 500 Y a n  Ago.)'," 
Is it pc~ssible &at tcvr, if my, fPdd eagles nes td  in Arkrsna before the building of the dams md the 
~ntroductiuns otP exotic species of "rih? IIndA, there were no accoznns of "Dd eagles h r d i n g  s t f i  QIC 

Szlt or Verifc d ramags  bedbre the turn of the cenmq, A&c?ugh M P (1890) reporad a pair rkefting 
at Sti,nernm Lake on the Mogollvn Piatmu about 4fa km (25 milests~ k'hitm the ctsrrent Ladders aesz ~ g ' h  %he 
'v'erde River. The first d m  (at,osev:velt) was completd in 8911, and aastings of bald mgla &rng &e. 
Sde and Verite webe not firM1y document& until the 1930s. 

Some authors have suggest4 that h e  Ariaorta bald eagle pc~puiation ha% recently been established by 
migrant eagles from other populations. BuscBn $4988) wrote: 

One activity that itcontinues to peqlex biologis~ is the initiation of nating attemp& which 
are later abandond* Such attempts are often classified as Yaiiitxl3ut are alsc d a c r i b d  
as pm of the courtship of 'nodern '  bald eagla. It is not known if such pairs sen&$% 
fater at a diferent location or if the Southwest has been colonizd by wintering or 
migrant birds 2ts h p o t h e s b d  by Lish and Sherrod (1985). 

From a foraging standpoint, the modern reservoirs have acted to broaden the niche of bald eagles both 
in the nesting season and during other times of pear. There are now more species of fish in appropriate 
size categories than before. In some crises artificid water temperat-ure regimes in r e y l z t d  riverine 
habitat orchestrate prey life history events to the benefit of eagles. As we have shown in Section A3, &e 
reservoirs themelves are highly productive of food for eagles, specidly  in the form of carrion, and 
e v e q  major reservoir on the Salt and Verde rivers has nesting eagles that exploit it. 

However, the current benefits of regulatd aquatic environments and exotic prey species assemblages in 
no way bear upon the quation of whether bald eagles nested dong these sarne rivers in ancient times, 
In rlssessing the possibilig in the absence of direct data, there are two matters to conqider: (1) whecher 
it is reaonable to believe that a nesting population could have exist& without being discoverd by 
biologisrs prior to the 1 9 3 9 ~ ~  and (2) wheher pristine habitats could have support& nesting pairs. 

In our opinion, if bald eagles once bed in Arizona In cornparable or even higher densitia to those now 
existing, the paucie of historical records is not surprising. Before the building of roads along the rivers, 
which even now are absent in most arm, the discoveq of a nest would have been forhtitous and 
u n a m o n .  In view of the likelihodl that n o n b r d i n g  eagles frequented the river reaches as they do 
today in winter and spring (the nating season), the sighting of a bald eagle would not indicate the 
existence of a nest, Moraover, most of the present-day bald eagle nmts in Arimna are quite 
inconspicuous. 

CnIike other ppulations whose nests are often appzent in the Ixrrgest shoreline trees, mast current nests 
on the Salt and Verde rivers hardly beg diswver) in the remote canyom where they occur, removed from 
roads of any kind. Even nests near civilization have gone unnoticd. For exmple ,  rhe closat nest to 
the Phoenlx metropolitan area (Ome), locatd at the confluence of the Salt md Verde rivers was not 
discover& until 1987, even tfiough there is m p l e  evidence that the pair ex i s t4  for mmy p w s  
previousl~ (see Swtiun D4,28), Before 1900, the Iikelihcd of finding anri fhen repofling bald eagle 
nests does not a p p m  great, particularly in view of: (4) the d i f iculq  grof distingblishing native eagles from 
rz likely far greater number of nortfiem migriints przsenr in w f y  t i m a ,  a d  12) the probability that bald 
eagles would not Rave at@act& the interat of nrt&rdisu who had so c o m t ~ d y  e n w u ~ e e r d  the sptxies 



elsewhere. We provide frspt%ler inf~rmation md discussion ~ " i ' t h z  historical: record irm Sections D3, D4, 
md D5. 

As to whether bald eagles wuId have found su%cient .t̂ cmd and ns t ing  substrate tcm b r e d  dong tihe rivers 
s f  centrd Arizona, we must first wnsider &at the chaacter of the rivers w%i quite diEerent than rroday 
(see Sectiom D2 and El  for discussion). 

kfe~re than a century before the first dram was built, l i v ~ t o c k  grming had s d u c d  (md continue-s 10 
rwluce) the vege~t ion  md soils ~ m u g h c ~ u t  tfiese drainages. En the naeurd, coevolved plant and minimal 
cornunities of ancient times, predators Iikdy prevent& populations of large herbivores from raching 
the level of carying cqacity impos& solely by f~~ supplies. Scjnt: of these herbivora ncs doubt 
alternatd between s u m e r  and winter ranga,  also lessening the impact on grasslands. The Pa- more 
abundant and stable grases of pistine times allowed soils to inzreaqe over the millennia, each tuft of 
grass acting like a little dm. The eEect s f  these more robust soils, containing complex root systems, 
was to infiltrate and slow the transport of water to the rivers. As a rsul t ,  these surely maintain& more 
consistent flows over tfie yearly cycle of rainfall, meaning that some s t r m  courses, now seaqnndtlly dry, 
were perenniai in paqt centuria and thus held fish populations [see Sxtion 82.6 for eariy descriptions 
of the landscape). 

Was the water in these rivers c l m  enough for eagles to f'orage in? Reviewers of an ealier draft of tfiis 
manuscript cemented tfiat the dams made the rivers less turbid. This is true if one compares free- 
flowing reaches with those emanating from the dams. In the decades prior to the creation of the 
reservoirs, obsewers reported that the rivers ran brown with silt (Olmstead 1919, Hastings 1959, 
Hastings and Turner 1965, Wayden 19651, but this is hardly surprising after a half-century or more of 
severe overgrazing that reached its zenith during 1870-1900. But it is wrong to assert that the Arizona 
rivers in pristine times were more turbid. "flahy," and unstable than present-day free-flowing teachw. 
Since the 1980s, nine pairs of bald eagles have A d g d  young on free-flowing rivers and tribumjes of 
?&e Salt and Verde drainage that are now certainly more turbid than they wouId have been long ago. If 
foraging opportunitia were fewer in pristine t i m e  than today, it was because of a difference in prey fish 
populations, not water clarity. 

Today, the bald eagles nating away from reservoirs feed prirnruily on four fish species: carp, Sonora 
suckers, desert suckers, and chrrnnel catfish. Of these, only the suckers are native to Arizona. However, 
in ancient times, five other specia of fish of appropriate size ciitegories were present: Colorado 
squawfish, razorback sucker, flmelmouth sucker, roundhi1 chub (still fairly common), and bonflail chub 
(Minckley 1973). 

Colorado squawfish (and other spwies) appxently m d s  spawning migrations far up the centrai Arizona 
rivers, past the P h m t  upstream site of nating on the Verde River @%inckley and Alger 19681. 
Altfiough some of these squawFIsh were grobabfy tcm large for eagles to kill, we presume many wcjuld 
have been available to eagles when migrating through shatlows, and ac carrion, Afthough raorback 
suckers frequent deep, quiet water, they may spawn in very shallow wwater. They were recently 
reintroduced on the Salt River, and appwed in our s m p l a  of prey remains at two bald eagle n e B  
(Xedmund and Pind). Flmelmouth suckers appxentfy enter riBles to spawn (Mincuey and Holdera 
f 380). Roundtail chub, still widely distributed in the Salt and Verde rivers, may have been rarely taken 
bj  bald a g l a ,  as we found none in prey remaim, BonjTail chub (now absent) were also possibly little 
used because of their tendency to inhabit deeper water, However, native cqyrinids, such Sacramento 



squa~~,-f"nsh and PlardRads, were a s m o w  in bdd eagle prez remains isa gmont%mern Cdifornia, si? it s~exz~s 
p~~ssihIe that, if cf~ishs rmched ere? high d e m i t j ~  iaa Arizopaa in prisrinz times, eagles may ha\-& 
kequently taken them. S e c t i o ~ ~  El  and E3, f discuss the oceuflence md life historia of these fi\hes, 

Several repom attcqt Pa, the abundmce of fish ia historic md prehistoric timesA Native: Americms us& 
them extensively for food mostfund 1952, Minckle! and Alger 1968, Mase 1972k .%err the &st 
Anglo-Amcricm c m e  to Otnc region in &e mid-18m, they found miinil were sustain& by xi &"abundancew 
of Esh {Qavis 1982). Even as l fat t:  as the early 1 9 0 0 ~ ~  fish were so commcpn in the lower Salt md Cjifa 
rivers that they were sold for hamm consumption, a feed for domestic anirnds, and a? fertilizer 
(Minskley 1973). 

While we cannot be certain if the c o m u n i t i a  of native fishes occ~rrifig in the pristine rivers suppart& 
na t ing  eaglesq we speculate that the four species of suckers, a u g m e ~ t d  bj- w a t e ~ o w l  and spawning runs 
of large syua\k-ftsh m d  chubs, would have been suitable. The suckers' habit of feding md spawning in 
shallow water, together with a relatively Iaw awareness of a g l a  affacking fiorn above, make them ideal 
prey for eagles. One sucker species made up 80 percent of the total diets of several pairs elf bald eagles 
in nr lhern  Cdifi~mia (BioS ystem 19851, 

Bdd eag l s  cunentIy b r d i n g  in Arizona tend to exploit a vziety of prey specia,  ~ i n g  them in 
sequence, as rhey become available. The vulnerabiliq of prey fish is often associated with spawning. 
whether that activity takes the fish into shdlow water or causes mortality (see Section A3.2), Therefore, 
it would probably have benefitted eagla if the native suckers and s q u a ~ s h  were to have spawned at 
diEerent times. It would seem that any coevolved cornunity of fishes would tend toward spawning 
dif'ferentids in time and space (some ascending tributaries) because of niche similarity mence competition) 
of fry. 

Because of the former preence of exterasive ripxian z o n a  with many rnore large trees suitable for 
nesting (see Section D2j, it follows that nesting substrate was more abundant in pristine times than today. 
a factor that may have allowed a higher density of eagle pairs. Like the grasslands md soils, the loss 
of the riparian trees was largely a result of overgrazing, although woodcutting was also a factor. Even 
today, trees are unable to regenerate in the riparian m n m  because cattle eat the young individuals. 

We cannot discount the possibility that bald eagle f ~ u n d i t y  and survivorship was impacted by humanity 
even before tke mival  of the Conquistadors. W i l e  smaller in population &an 20th c e n h p  Arkona, 
Native Americans were rnore evenly distributd along water coursa in prehistoric times, perhaps actually 
increasing the potential for human/eagle interaction. Eaglets in tree nests would have been conspicuously 
availahit: as food and for ceremonial use of body pa~ts .  Considering the large size of eagles, efforts to 
trap adulb for f w d  might have been an eEcient s u a t e a  in a hrrnterigatherer economy (stx Stalrnaster 
6987, citing Smith 1924, regading the uwping of bdd eagl~q for fwd by the BeIfa Ccmla Indians in the 
Pacific Nonhweqt). On the other hmd, Native Americms may have been protective of bald eagle.. 
Recall that the native fisheries were still inact, but were soon destroyed by the European immigrants, 
a pattern that suggesg a philosophy of wildlife husbandq by the aboriginal people. 

In surnrraary, lirile is howla about the histuricd poopuIatian of eagles &at occurrd  in Arizona. C i a % y ,  
ths Imdscape ha.$ ehangd ssignificmtly, and we assume t3agle numbers have c h m g d .  Fewer iarge trees 
are available to serve as nnsting s i t a ,  wateways are diminish& in volume, sQbility, clariv, and extent, 
and the relative abundmce a d  disrributiosn of fish s p ~ i a  have been after& @owever, Iacustrine bahibb 



favorable ~ L I  eagles have gre;ltly incs=&i, On l f i e  basis of studies of baid eagle foraging ecology, we 
befieve it more parsimonious to fiypt.po&esizt: &at bdd eagla on rivers &roughctus: &e soutfawat 
in pristine times, &an ti.? suppse  Stonernan md Mormon I&es support& the only pairs in the seate. The 
report4 nnaare of the rivers and the aissemblage of prey fish@ both s e m  conducive tcl naring succms 
and suggest a richer and more extensive habitat in the lower d s e s  &an might have been 8vailable on &e 
Mugtrlltm Platmu. 

AS.4-2 SmalI P~ptrlat ions 
Given &f: larger extent of the pristine rivers and rhe grmter number of large trees, it seems fikeIy that, 
if Arkona support& bdd q l s  before the age of overgrzing, numbers e x c d d  those of today, R e  
current number of ncqting pairs, mounting to only 21 known sites produc~ive since 1980, i s  rather smdill. 
No more than 15 known pairs have been produdive in my one year (X= 11 -2 per y m  during 1985- 
19893, In this section, we will review the general consequences to a population becoming smalI, 

T h r e  kinds of dangers face smdl populations: environmend, demographic. and genetic. Enviromental 
problem are large-scale problems, sometimes a t%~t ing  entire populations cataqtrophically., In 1916, a 
fire swept through the last remaining breeding grounds of the heath hen in M&a3s Vineyard Islmd, 
It was ts event that proved pivotal in the finat decline and eventual extinction of the species PettingilI 
1970, ShaBer 1981). 

Demographic dangers are manifst in very small populations only through the actions of chance, For 
example, a disproportionate number of individuals at a given time could be tfie s m e  sex, making the 
efictive size of the population smaller than the actual size (see Glossary; also Franklin 1980 for a 
discussion of effative population size). A high ratio of male to female bath hen chich hatching after 
the fire is also implicated in the extinction of this specia. The lastst five known d u s b  s m i d e  sparrows 
were m d e  (Simberloff and Cox 1987). Witfiout hybridization the ppulation was doomed to extinction. 

Small populatiom are clearly susceptible to demographic and enviromental problem, but questions 
regarding genetic problems are wntroversial. How small can a population get and remain viable? How 
often can it be reduced to low numbers, and for how many generations? Are genetic problems acmaliy 
of any consequence? 

Recently, it has been suggested that populations rarely persist in numbers small enough for genetic factors 
to be influential (Pim et al. 1988, 19891, Pimm mind c o l l e a p a  assert that when populations are very 
small they are likely to go extinet due to demographic accidents or stochastic environment& events. In 
arguing against this hyyothesis, other a u ~ o r s  maintain that populations can be shown to suffer from 
genetic bonleneks (Templeton and Read 1984, Templ&on 1986) or even multiple genaic bottlenecks 
(OqBrien and Evermam 1988; for a recent exchange see Trends in Ecolug?/ and Evolution, Vol, 4 for 
P i m  4t ad, 1989, O'Brien 1989). Generally, ten pairs is comidered the thrshold below tvhich 
extinction is Iikefy in nine to twelve generations, due to enviromentd or demographic faaors. 

The most critical genaic problem hcing smdI populations is i n b r d i n g  and the resultant bornozygosif?: 
mih dlelm at a locus being identical). Increasing homozygosity of alleles at many loci may result in 
Inkreding depre5sion-the loss of f i tnas (fertility and survivd) of an organism as a result of inbreding, 
whether the inbretxfing is dare to smdl popufat~on size or to frequent matings betwet3n close relativa in 
a large population (Lade and Bmowcfough 1987). Upon i n b r d i n g ,  lethal recessive alleles have a 
higher chmce of being pair& with idestticd mpia of themefva,  r~sujting in the dm& of organisms 



hmring two copies ?sf such alleles* Recasive allel% &at have a mildly detrimental effect on m ualtrganism 
dxo incrme in frequencj durialg inhrdiasg. %%en two ide~tical. mildly de'reteric~trs recessive alleits 

prcjent at each of sever& different loci, h e  result cm he an organism with 16swered fertility andisar 
sfaoflend lifetime, Thus, i n h r d i n g  c m  further r d u c e  wputation size. 

While rapid inbreding can cause problems, gradud i n b r d i n g  ma) create relative15 little permanent 
inbrdiasg d e p r s ~ i o n  hecause it &lows naturd seletion to purge deleterious alleles from the population 
as they become homclzygous (Landr: f988). However, in  plan^, the evidence indicates. that even 
~ o r m d i y  i n b r d i n g  species show some inhreding deprasion (Chaleswcrrth and Charles.wohth 1987). 

Inbreding ma! have another type of consqrtence As nlore md more loci have mo identical alleles at 
each fi,cus, the variability necessary for Inalg-tern adaptation to chmging enviroments is lost, md as 
conditions change, individuals are renaovd f'rorn the population by natural selection, The individuzls ~ a r  
are rernoveJ are those which do cot possess the lucky combination of traits that might have dlowed them 
ro cope with a diEerent environment. The less genetic variety maintain4 in the population, the ltrwer 
the chances are &at the lucky combination of traits will occur in some individuals before the population 
is completely elirninatd. The maintenance of genetic vxiability in populations acts as a sort of insurance 
policy. 

The severity of the consequences of small population s h e  grmtly depends on how quicMy the population 
can rxover,  In the extreme example of oniy one pair suwiving, if the popuiation grows extremely large 
within one generation and stays so for many successive generations, two thirds to three quarters of the 
mount  of the original genetic variability of that population can be retain4 ( F r d i n  1980, Carson 1999). 
Cnfomnatel y, most m als and birds cannot recover at the high rate necessw to preserve large 
mounts of genetic variability. And if the same population should pass through a succession of 
hofflenecks, each followed by slow recovery, a high degree of inbreeding will accumulate, with 
deleterious results (Carson 1990). 

Population tzofflenecks can lead to rduced genetic variability in another way. Small population size 
increaes f i e  probability that rare deleterious alleles wilf increase due to random fluctuations in gene 
frequencies (random genetic drift). Tbese random chmges in gene frequencies can also lead to the loss 
of genetic variability through the loss of alleles due to the random chances inherent in the formation of 
garnets and qgotes .  

O u t h r d i n g  depression is mughIy the opposite of inbreeding depression. Ins tad  of a rduction in fitness 
due to mating with relatives or as a consequence of smdl population size, outbreeding deprasion is a 
r4uction in fitness due to hybridizlltion hetween populations which may be geographically distant 
Qempleton f 986). While o u t b r d i n g  can i n ~ r w e  genetic variability, the fimess reduction occurs 
because the group of genes that are adapted to one microhabiat (a coadaptd gene complex) are mixed 
with another group of genes adapt& to a different microhabitat. N_vbrid offspring are less well &apt& 
to both microhabi&tc than are the parent populations hecause of the mixing of these two different groups 
of genes.. The short-term conseyuencs c t i  outbreeding depr~$sion can put the entire pcspulation at risk, 
Templs~on (1986) points out that this should be a temporay phenomenon. if a population crln wzather 
uutbreding deprasiora, the long-tern outlook is Fdvorablr: if the trait combination of one pxenM 
population is retain&* Templeun also ohserves that uccaiondly a Qeu trait combination cm he 
produced through o u t b r d i n g  (by genetic r~ornbinatiun duri~rg gamete formration) that is even more 
favorable than either of the p a ~ e n a  combinsbtism. 



A5,4,3 Gnetiiraf ared itlorphologiml C~rrtpisrisons W-itft Other Populations 
The small size of the Arizona bald mglz population md the question of genaicd u n i q u e n ~ s  I d  
Reclmatttln to provide for genetic& mdyses <of Arizona Rdd eagfes a? pm of our snrdy, We coflect& 
blond samples &from 52 juveniles and 21 older mgles. We sent one set of smples to Dondd M ~ r ~ m t  
RTniversity of Texas) and Maureen Schmidt (Genetic& Analysis, lnc,) for enzyme elztrophoresis, and 
a second set of samples &I Jonathan Lonmire  {Los Almt,s Kationd Laboratoyf md Ernis tryst: 
CiMonma Slate University) for DNA fingerprinting, Reclamation also supported biochernicd anafysm 
of btw~d samples collected in other regions b?; James Seegar (A/Iar?;f-ad), Roberr Anthony 
(JVashingtonlQregon), David hfabie (Texas), Alien Jenkins (Florida), John Aikera (Cdilifomia), and 
Ronalcl Jackman (California). We were aided in the inteqretation of the electrophoretic results by Ellen 
ffolstcn and Gerard Zegars of the t'niverslty of Cdifomia (%anla Cruz). In Sections E6 and E7 of th is 
r e p & ,  we provide the results of both the electrophoretic md  the DNA fingerprinting srudim { s u r n x k d  
below), To augment the biochemical rcqults, we measurd the tarsus. culmen, wing-chord. and other 
mensurd chruacters of &most eveq  bald eagle we handld in Arizona. 

Enzyme EIczetrophursis, In an earlier study, Morizot eb aZ, (2985) subject& 60 bald eagle blood 
smples to starch gel enzyme elstrophorais, The s m p l a  were from four bald eagle populations in the 
west: 26 from Arizona. 19 from Alaska, 15 from Oregon, and I Q  from Washinson. Finding "no 
significant discontinuities in gene ftquencies or unique al lels  m o n g  some 40 loci (only 5 of which were 
polymoqhic), the aufiors suggested that the northen and sou&ern populations might demonstrate a 
"gradual" cline rather than a discontinuity suggestive of disjunction, 

Despite the larger number of blood samples in the BioSystems smdp [see Section E7), no significant 
heterogeneity of allele frequency was detected between the Arizona group and the six o&er smples 
(hfaryland, Florida, Washington, California, Texas, or Minnesota), nor did we find dleles unique to any 
population. Nei9s analysis of genetic distance (excluding the Alaska smples)  vape ly  suggest& that 
eagles from Arizona were most similar to those from Marylmd. However, dl smples in that mrnparison 
were close in value, ranging from 0.0288 to 0.0396, whereas the Nei's statistic for some of the samples 
from outside Arizona appmed to differ rnore from one another than they did from Arizona (range 0.0003 
to 0.0587). We caution against interpreting these results as significant because of the few number of 
polymorphic loci examined (n = 5). Interestingly, however, uhe Arizona population showed the highest 
Ievel of genetic heterozygosity among the s m p l s  tested. 

DXA Engerprinting, Because of greater sampling of the genome, DNA fingerprinting is regarded as 
rnore usekl than electrophoresis in a s s s i n g  the genr=tics of endangered populations (see Section %). 
Additional advmtags  over elecrrophoresis are that o d y  a few drops of blmd are need&, and samplm 
cm be stored indefinitely md later p r o h d  with as yet undeveloped DNA sequences. 

In comparing DNA from Arkona, California, and Florida &reding aduls and nestlings), Dr. Vyse wa 
unahfe to identi@ conslant population-sp~ific DXA markers. Bowever, using combinations of bands, 
he w a  able to assign most individuafs to their resp&ive populatiorzs. Intrapopulaticin similarity was 
highkst in the Fiorida samples, sugg~5ting they were the most inbrd  of the three populations. Using two 
enzyme probcs, &e California mgfa appear& more inbrd  &tun the Arizona birds, but the opposite was 
the case when using a third probe. The standard enor of the mem of similarity coerlcients s h o w 4  a 
conesponcling paEern: again, the Florida eagles appeared mtjre inbred &an those in Ark jna  or 
Cdifomia, 



Cornpaging s~milarsty coefi>ci~nes between populations showd a lag%. adift'erence hetween the: Arizrtna and 
Florida eagles? indicating that they are the most distant%y related of efic populatiom test&+ Fuderaranrc, 
the GaIifc3mia ppufation a p p w &  more ~ l o ~ e i y  retat& tto the Fiorida birds than to h e  Arizona mgfm, 
Analysis nf a fouhtfr sample faom Can3d.lda indicatd a relatively large genetic distmce from the other three 
wpulations. 

Morghologiaf Cornparkson. IR the n o d e r n  hemisphere. according &a @ergmmn5s Rule, mimais in 
warmer, southern environmentr; a e  generdly smaller than their counterpm in cooler northem cf imares 
a a s m m  1981) This mIe tends to hold true for bald eagla,  In a cvmparisctn of specimens fi.t,m 
Aiaqka to Virginia (29 mdes and 42 femaI6ci with smples &om Gmrgia, Florida, and Baja California 
(16 mdw and H f fernaia), &ere was no overlap? apparent irn (within-sex) wing-chord maqurernems 
palmer 1988, citing Freidmmn 1950). Arnadon (1983) sVdtd that there is ".., a grdual  cline of 
incrasing size from south (Florida) to n o d  (Alaska). ..." In this section, we will cornprue standard 
masurements collected from ~ ~ I E F .  in Arizona with those from Alaska, California, md the Grearer 
Yellowstone Kosystem. 

In cornpiiring measuremen&, we us& only data from b r d i n g  aduft hdd mgIes, A l ~ o u g h  we coflectd 
numerous measurements of nestlings, the valucq varied so srrongiy with age that interpopulation 
amparisom with measurements obtained by others were generdifly useless. Neither were we able to 
compare mmurernents of subadults, near-adults, and adults captured outside their territories because of 
the uncertainty of their origin. Lastly, there was diEiculry in eornparing weights because of a yearfy cycle 
of variation; weights of both sexes in Arizona were up to 8.5 kg higher in winter than during the 
b r d i n g  season. However, there was still no o%*erlap between male and female weights within the 
Arizona sample. 

UJithin these limits, we compared mosphologicd chxacteristics of Arizona bald eagles to those of three 
other bald eagle populations where resear&ers had data on b r d i n g  adults of known sex: Alaska (P. 
Schempf and T. Bowmm, U S W S ,  unpublishd data); Greater Yellowstone Ecosystem (A, Harrnata 
unpublished data); md California (R. Jackman unpublished data). We sought, but were unable to locate, 
nleacurements for h r d i n g  adults in other populations. 

A comparison of the m m s  of nine standard morphoIogical rn=urements between the four populatiom 
revealed that Arizona adults were smaller than the rn in all mophologicd characteristics of the other 
populations except in two cases: (1) the dorsdlventrd Parsus width of Alaska mdes and femdes (which 
were sexed by body mea%urernen&), and (2)  the arc of the wing cord, which was slightly smaller in 
Grater  YelIowstone Ecosystem males (Tahfe A5,4-I). No trends were apparent in coeficients of 
variation cdculatd for the various movhological a m u r e n e n t s  of the four populations. 

We &en cclrnpard cie m a n s  of the nine morphological chaacters by a t-Test (Tahie A5.4-21, Of the 
26 cc~mparisons for males, Arizona ag les  were significmdy smaller than rids of the other three 
pyulatiom in 21 cases, h e  chatacteristic, dorsdJventrat txsus widtfi, accounted for three of the five 
c a ~ e s  where diEerencm were not signttlzmt, In addition, Arizona m a j s  were not significmtlg. different 
from Greater Yellowstone Ecusystem males in arc of the wing cord md h& dep&, 

Arizona femdes were sipnlficmdy srnailer thm femdfi  of she other three populatic~ns in 14 of 26 
comparisons, As with mdm, dorsal!ventrd tarsus width was not signifi~wtiy diffi=rent bet we^ Asiwna 
fern$= md females of ghe ntfietr three populations. Iw aJdition, Arks~na fern$% did not differ 



Table 85.4-1. Comparison of vaiance ~ m o n g  mu~hsletgicai shrtrrncteristics of adult bald a g l a  from 
four p o p u l a t i ~ ~ - ~ ~  * 

Tamils 
Mallux b - ~ d &  Tarsas Wan$ Eaph&n Cufrslen 
Length Dorsai: %'id& Card P n ~ n a ~ y  Tail Length Bea& 
I&C) Ventml [.aksr;l tArc] IFfstj k n p h  c A ~ 8  13ept22 Werght 

C a l i f o ~  .fWw 
M E W  40.4 
VAR 0.2 
CV 1 . 1  
N - 

Gmter I'elIamtoae F~mstern 
M E M  41 .O 
VAR 2.3 
cv 3.7 
N 7 

-41 mwurements rn rnrn e x q t  werght tkgt 
CV -- Coefficrena of Vartatlon 
,4razons, Califomla, and Grtate: Yellowsmne &nsy,&rn eagles were breedtnp adufu of known acx Sex of AIa&a b r d t n g  d u b  w a  
b a e d  on body measurcmentdj f l ,  h w m m  pers. cornn.) Data for the Greater Peilowstone kosqstem was ssugpi~ed b? Al N m a t c l .  
and Aisks d& by Tim &slanm md Phil Schenph, XISFHJ 



Table A5.4-2. Compxisctn cpfmorphologicd chzaaerislics of adult bald eag$es from fcmr P O P U I ~ ~ ~ L I I P S  i'C 

T a ~ u a  
HalB~ia Widt? Tarsus Wmg Eighth Culnaesi 
LcngBfi Dorsal Wiif:h Cord fi?Thnla~ Tad Length Beak 
A Vent& I ~ r e m i  {Are) (Fiat1 Length \Arc) D e ~ ~ b t  W~lghe 

- 

k m n a  Maies K 10 10 9 
Cafiforn~a Males N 7 9 9 
,Gaska Male% ""i 33 32 33 
Yellowstone Male? hi 7 12 12 

Anzonet Males vs Calif~rnla hlaim 
t-Test 5 5583 1 1727 2.2834 
d f 15 17 6 6 
P < 0 OOO1 0 05 
S~pni  frcancc" t*+* KS * 

Anz,ona Males vs Alaska Males 
t-Test 9 056% 0 0508 3 4371 
d i 41 4 1 BC, 

p < 0.0001 0.0: 
Signiiicance ***o NS ** 

Arizona Males vs Greater YeUowstone Ecosystem Mxies 
t-Test 5.1721 1.586 4 3063 
df ! 5 20 19 

P < 5.001 0.2 0.001 
Signlccance *+* fVS **Y 

I", 
30 
32 
10 

6.421 
20 

0 , W l  
**** 

i3.208 
42 

Q.CX)Oi 
**** 

3.2844 
20 

0.01 
** 

M , o n a  Female N 3 4 4 
California Females N 6 11 11 
Alaska Feaalcs N 17 27 27 
YclInwstone Females N 4 b 6 

Arizona Females vs Califonria F e m a l ~  
t-Test 2.5511 0.903 0,4155 
df 7 2 3 13 
P < 0.55 
Significance * NS NS 

Arizona Females vs Alaska Femaies 
t-Test 4.4522 0.2571 1.4556 
df 28 29 29 
P < 0.001 0.2 
Significance **+ KS NS 

.Arm?na Females VF,  Grm~er YeUowatonc Female2 
b-Twt 1.7988 0.1131 3.0077 
df 5 8 8 

P < 0.2 0.02 0. 10 
Slgnificancc NS NS t* 

* CX- weight &g) 

pcm. s m m . ) .  hts fbr ibt G r e r  Yclkruntnnc b y x t r m  was supplied by .Q Harmrta, zrd A- dab by Tm h\*m uri 

' The &k of s ign i fwt  dLTercncc is: m?+krgicll rietjcn of ud G m r e r  Yckwswae k o s y r m n  ia like@ dw. M. EOw rakx. 
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The bigher-rtmm-expwtd variation A a  b u r  ptjssihle expfanatstions: (1) &at genes have recentiy i n h s d  
from outqide sr?urca3 (2) that, DDT did nut reduce &e southwsrem bdd eagle prspulaxic7n tat  levels at 
whisb dlels would drift to fixation; 13) that there have ~ o t  been rtncluph generations since the occurrence 
of a population buEireneck for g e n s  to drift to t5xation: md, (4) %ae chance evens have r n a i ~ h i ~ d  
heterozygosity among the: relativefg fsu; loci e x m i n d .  

It is temptilag to embrace the first exp2anarion, that Aeterozygosity in the Arizoarm population is a result 
of recent immigration of genes from other populations - Arizona being a sort of "melting pot" of gerrcs 
from elsewhere in North America. But wouid not this explmation demand correspondingly high 
v a r i m c ~  in mensurd characters, given the discrepancy in size bawwn Arizona e a g l s  and those of most 
other populatiom? Acwrding to our data. Arizona hdd wgl& itre signiffcantly smaller &an eagle&   native 
to Alaka, Gdifornia, or the Yellowstone, and there is no overlap in some characters (see S ~ t i o n  
A5.4.3), Intrapc~puiatiitn variance in m e a u r d  characters is somewhat similar among all four regions. 

If bald eagles from more northern a r a 5  were remaining to nest in Arizona. we would certainly have 
encounter& larger birds among the brwding adults we capturd and have noted more ob\rious size 
variance among the mmy nestling eagles we exmindtd. A size discrepancy is obvious when comparing 
winter migrants in Arizona with native eagles. 

There is, of course, the possibility that enviromend factors influencing development of Arizona bald 
eagles cnnsistently r d u c e  body size despite a large genetic component of variance due to imigratirtn. 
However, since they exploit a variety of habitats (e .g. ,  dtitudind variation) and h o d  supplie, a position 
which favors "nurture" over "naturen as an explanation of small size swms far-fetched. 

The possibiliv of recent imigration from the east seems unlikely on the basis of h o w n  or probable 
movement patterns of eiastern populations. There are considerable gaps in bdd eagle habitat distribution 
betwen the southwstern population and any population in the east or n o h a t .  The electrophoretic data 
does suggest a grater affinity of the Arizona eagtes to the Maryland s m p l e  than to the other populations. 
However, as the authors point out, the electrophoretic comparisons dealt with only a few loci and fairly 
smdI s m p l a .  

Another strike against the "mdting pot" hlipothesjs is that, despite the large numbers of bald eagles that 
have been banded throughout this continent, the only banded eagles thus far encountered breding in 
Arizona are those which were b a n d  as nnestlings in Arizona by Robert Ohmart md Teryl Cmbb. 
During our study, we sighted I8 eagles banded prior to 1986, 16 of which were breeding when we 
sighted them (see S ~ t i o n  C6). We read the bands of eight of the 18 birds, all of which were band4  as 
nadings during previous studia in Arizona. 

To test the i d s  that bald eagla tend nst tit b r e d  far from their natal sites, questionnaires were sent to 
and receivd from rsearchers studying nine populations of bald eagles (see Table AS.2-2). Their 
respnskq indicaleci that only two nestlings out of &ou~anda bmded were found to have bred in other 
areas, One moved 331 km (205 mils )  nsrtfi from its natal site in the Greater Yeflowstone Ecosystem 
(Al N m a t a ,  in Iitf.); the other tra%~elI& 4418 km (260 miles) sou& from its natal site near Chruleston, 
South Czurotina to nest in Ocda Kationd Forest, Florida (Torn Muqhy ,  pers, c o r n , ;  Petra Wood, in 
lil~,). In contrast, the tendency for h m d d  nstlllings t6.t b r a d  witRin their natal populations is well h o w c  
(see Section A5.2). 



In our npinlnn, an cquall:, tert~ie h)790Ph85ic f ix  the healthy <fP~erved degree of het~r tongc~s~t?  in Arizona 
rs that the sovzf~western haid eagle pnp la t~on  w&s neLer serioan~l) ~ & ~ l i ~ d  during &e DIIT peric.rd 
Kcme121her. &at wc have circumstantl;d evidence of only &fee " ' n e ~ "  pair5 among rl-te tvientl-eight 
breeding areas k n v ~ n  and there are unknt~wn numbcrs of pairs in adjacent Mexico. The srtuatiun m a j  
be analogous to that of rtle peregrine. &?orher raptor thd t  experici:cd iarge-scale. population de ; 1' ines a< 
a result of DDT. At the time (if tfri$ uritlng, the center of distrihrntio~~ of nlsting peregrines ixl ttlc 
conti~~orl.;  Cmzited St&% 1s in Ariziin;a al-d southern t;tda. whsre nearlq 300 known pairs are breeding, 
a~md man!. more art: thi,ughl tn be undeteced (Tim Tibbittq and Richard Glinski. unpublishd). F'eeregrir~sc 
and hald eagles may feed cr)n S O ~ C  of the same species of ~cont3minaeed?l ~naxerbirds. sad yet peregrinzs 
in the south.csesk ohvitmslj survived in signi5cmt nurnkers. if indeed they were aver seriouql5 reduced 
Like bald eagle5 ira Arbona, peregrines rnar have escaped detection by nesting in uiMerne4s !see Hunt 
1 g77 I 

I~inaltllv, it seems possible that arnblenr Ieccis of heterozygosity in bald eagles living in the southfiest may 
have been high in pristine times because of the shift in sslectivij prdssures characteristic of t%e ~ c t  and 
dry : j  cles uf dc~i31-t environments. 

A5.4-5 The Questiovl of Adaptaliorr to the Dcsert Environment 
Have specific adaptations evotved dn Ari~ctna that enable bald 2:igies to Copt: with conditions that appear 
to us substantially diEerent from tl-iose encounterd by other populations? 171e most striking feature of 
the Arizona environment is the combination of high temperature urzd lo% humidity, 

Water Ioss during incubation is a critical factor in the successful hatching of raptor eggs in the laboratory. 
The rate of water loss can be mmipulaed by regulating ambient humidity and by actually adjusting she2 
porosity through adding or subtracting thickness. Staff of The Peregrine Fund; Inc. often wax shells to 
add thickness, or sand them down if neczssary to increase rates of water loss. 

If the environment was really as abnormal f i r  eagles as it appears, the forces of natural selection, acting 
through egg hatchibility and nestling suwivai, might well have been powerful enough to create local 
adaptations even in the fate of a srnali amount of gene flow between populations. However, the illfusion 
of genes from extrinsic sources is a powerful force opposing the evolution of local adaptations. 

Evolut~onarj changes involving eggshell mophology, embryonic metabolism, and the addptations of 
nestlings tu heat stress and dehydration might involve a relatively srnali ntirnber 02 genes. l e  is verq 
bighi?; unlikely that such genes wouiil he detectable in the broad studies of genetii variativ~li reported in 
Scctions E6 and E7 lrlieither of which dicplay great numhers of loci#. In neither smdj were afleieh or 
fragments detected ir, Arizona that were not also detected clin other populatium. Our snadies of eggshcll 
morpholclgq (Section E5) did not demc?l?stratc difterenxs in inshdl pi3r3~it5 betvleen eggs ~ c ~ i l e z i d  in 
Ariznsad arid slr;ztrher.;l. If differences exist&% the) would have appare~tlq been obsc~ired by stnxturid 
~rreguIaritie~ apparently resuiting from Gontamlnataon (see Seitict~l E51, 

1:: sum, M.E" cannot show a quality of 8lra;qenenecs arnong the Arizona eagles that implies ghe existence of 
adaptations to thd desert en~ironmcnt, eien though the Arizona bald eagles are smaller thdn thaw from 
California and the Ciheater Yetlowstonc The Fit7rida birds are kraown tt7 be smdi as ~ e t l  (no adequate 
sdrnple o f  mex\urements 08 breeding adults in F l ~ r i d a  is available). However, the similarit-) cueffisients 
calculntd from the DKA4 fingeqrintiamg data. s~lgngested ,Arizo~la and Florida eagle% were liar closel'p; 
rciarcd , 



Plate A17. Kcstling bald eagles at the Orme breeding area, April 1992. Note the VID band on the left tarsus 
Cphoto hy D. DnscoH). 

In reviewing the evidence at hand, ~e believe it unjustifid to hold the opinion that the Arizona 
ptjpulation has been recently found&> say, since the dams were built, or since 1970 when people began 
finding more md more pairs. First of all, we can say with some assurance that the current population 
did not recentlj derive from a 'cctllection of migrants from the north or n o d w e s t ,  since these arz Iarger 
in body size than the Arizona birds (we discount the environmentherdi9 n r ~ ~ m e n t ) .  The only 
"'credible" sccnarict for recent ft~unding is that bald eagles from tfie southeastern United States arrived 
in Arizrma in sufficient numbers ro havc carried uith them the currently vbservej high levels of genetic 
variabiiit!, and also escaped the early loss of alleles through inbreecting (it might be helpful to calculate 
linkage diseijuilihrium values to test the ""melting pot" concept). fs it not more p a r s i m ~ n i ~ ~ u s  trt i~nagine 
that a p~yulatior,, even one thinly distributed Pf.iroughout Arizona and northern Mexicr!, was large enough 
to suniv,: sntaLt from gb~stiaaz time$'" 

%Vc specasiak xltat, in the cotder and setter post-glai~d period imb. eb7eaa to 60me exIe~lt h i~h~f i~3T96) ,  
Srlzona bald eagles Rere pan of a largdr {bestern population that extend& from Alaska southward 
1Iarctrrgh the continent and along hi: Pacific cowt tcl the Raja peninsula, including the Sea of C o m a  Its 
clistribuilon pro'nabl: included h e  river2 c p f  mainlmd Mexicia md the C'oloradn drainage, The great 
znviroramenta% clinea, e ~ ~ e n d i n g  frum the" we",ores~s of .&la.dca md British 8:olumbia to the arid 
~oulfawzsr. would have strongla encouraged m o ~ h u l o g i c d  differentiation ju\t as they did fear other far- 
r ag ing  birds, suzil as the peregrine F f i a  latrer specids is highb wsk&ile, mb% ge'; polytypic over this zamr 



rmge {FCL~CCI p e ~ c g r i t ~ ~ ~  t ~ d r i u ~  -s anotm +pralen -. anatm, f s t m  no&em Alsiska &rough Mexico). 
F,p. ptlulei baas c lar iy  &apt& to the very wet e ~ v i r a m z n t  of cuasa British Columbia and AH&%~,II.~ 
(Beebe 19a),  Among these adaputions is a sailring ability tat shed water tiom its ~ Iumage  through tfae 
manufacture of copious mounts of p ~ ~ w d e r  down ff. C"hde, pers. comm.). It seems quafly logical &at 
physiologicd adaptations could have evofvcd among bald a g f a  irmfaabiting the scru&westerbrsr dzsem, but 
there is no evidence for or against it, 

A5.4.6 Biseussiun 
Although we art: encouraged by the robust fevefs of uxiability s u g g a t d  by the genetic malyses, there 
is no reason to believe &at population bottiensks occurring in the future would not be highiy deleterious. 
fhs current retention of heterozygosiQ among the Arkona bald eagia  may be fargefy a matter of gcwd 
forhrne (see Section A5,4.?), and if the pctpulation mainQins itself, there s e e m  no obvious s p ~ t e r  on" 
genetic difficultis. 

Because the Arizona eagles may wnt;lin adaptations relat& to desert cor~ditions (small size would appear 
to be one of &em), a decision to reIease birds into Arizona from elsewhere should be consider& oniy 
as a last resort because fo re ip  genc5 might dismpt coadaptd gene complexes specific to the deses 
population (see "ou tb rd ing  depressionw in Section A5.4.2). 

In the event &at bald eagla  were rduced to a point where release of extrmmus birds became necessw,  
it would be well to know in advance which population would be most appropriate as a donor. Since Dr. 
Vyse (Section E6) has been able to retain the DNA samples providd him through this project, we 
rwrnmend he be encouriiged to learn more about them as additiond probes become available. 

A5.5 mATZI'S OF INE B E A G L S  IN GRIZOKA 

Bald eagles continue to be officidly listed as endangered over most of the 50 states, even though some 
regions, !ike Florida or Chesapeake Bay, now appear to contain healthy populations that might be 
downlisted to "threatened" status, or removd from the list altogether. The 1982 amendmen& to the 
Endangered Species Act made it clear that the decision to reclassifq. a species must only be made for 
biological reasons, never for m n o m i c  or other non-biological considerations. A s p ~ i e s  is list& a$ 
endanger& when it is detemined biologicdty that it is in danger sf b m m i n g  extinct over a significant 
portion of its rmge in the f o r e s a b l e  fumre. The criterion for thrPatened status is whether the specis  
is soon likely to become endanger&. 

W e n  a species is officially list& as endanger&, the USFWS usually develops a formd rwovery plan 
h a t  specifiks the management tasks necssary to restore the spec i s  and the recovery gods requird  for 
downlisting and delisting. For endangered raptors, remvergr gods  for regional populatiom are usually 
stated in terns of a minimum number of occupied sites, a minimum propofiion of reproductively 
successful sites, and, a minimum number of young per occupid site, 

For Arizona, whose hdd  eagle population is cuare~tly being comiderd for dowdisting, the recoverq. 
goals written in the 1982 Sou&western Bdd Eagle R m v e r y  PIm were: (1) the achievement of an overall 
reprductive output of 10-12 young per year; and, (2) that one or more pairs occur in a drainage other 
than the Salt and Verde rivers w.3. Fish and Wildlife Service 1982). Tfise goals have clmly been met 
r.sw Sections A2, C2,  D4): however, it %uuld be wdl to consider the demographic information ga ind  



from & i ~  study before decisions are made to ~dract .  &e !eve1 of psox~tion and mmanagemerat now allalcatd 
$0 &e Arizona Bald Eagle, 

kfeliekving they had ohsewer4 more &an 90 percent of the Arizona bald eagle popaalation by 19E5, Rubink 
a ~ d  Pdhonay (1 976) cstimatwf its s h e  at 33-34 iandividuds, consisting of 18 adults, 11 s ~ b d u l @ ~  md 
5 j u v e n i l ~ *  Similarly, Hildebrandt and Ohmm (1978) appraisd the population at 30-35 eagles, 
consisting of 17-18 dults .  8-12 subadulb, and 5 juveniI~5. Hildebrandt C1981i later estimatd the 
ppulation ro be a h u s  38 individuals: 20 adults md  7-10 subduits, A fapre  of 25-30 individuals was 
used when the Sou&wstern Bald Eagle R ~ o v e r y  Plm wa% written IC',S. Fish and Wiidlil't: Service 
2982). Populatii~n estirnatm were not given in documenb stemming from the r s m c h  of Haywood and 
Ohmag (1981, '8982, 19831, Gmhb 42 a&, t'%983), or Gmbb (1984, 1986a). 

Tfae number of known occupid bald eagiz ns t ing territorim in Arizona has increaqtrl from 13 sites when 
the r w j v e T  plan wa. published In 1982, to 23 in 1988. As discuss& in S ~ t i o n  A2, no chmge faas heen 
apparent in nest success per occupied site. There were 14 known young producsd in 1982, cornpard 
to 24 in 1988, although productivity was lower in 1989 (13 young) md 1990 (14 young). 

It will never be known to what extent &e increase in the number of known pairs was an artifdct of 
smpling. Some sites (i.e., Cliff, Alarno, and Sheep) are v e y  likely newly occupid.  However, scrrne 
of the "newm sites discovered during suweys in the 1980s may have been active for mmy y m s  (see 
sections C2, D3, and D4). It is one thing to locate a nest in an area where m g l a  are known to have bred 
in years past, but quite another to find one in an unfamiliar area. In our opinion, m a y  or most active 
nests would he difficult to locate without prior knowledge that a pair existed in the area (e.g., Blue Point, 
&me, Canyon, Ash, Lone Pine, Cedar Basin). Krhat percent of the currently active nests could a visiting 
biologist find via helicopter without prior knowledge of their locations? Even biologists working closely 
with the Arizona population for several y a s .  and having nest maps in hand during helicopter surveys, 
often find it difficult to locate nests. 

In any case, the occupmcy and reprdluctive data suggest &at the Arizona population of bald eagles may 
be viable over the long term. Adding stren,d to this view is that electrophoresis and DNA-fingerprinting 
of blood samples from the curtent population show a level of genetic variability comparable to that of 
apparently heaitRy bdd u g l e  populations elsewhere. If the genes assay4 truly represent the gene pool, 
then these healthy levels of heterozygosiry imply that the Arizona eagles are not currently experiencing 
intrreding problems md rnay be capable of adapting to hitture environmental chmge, 

In asessing population status, we must also evduate the significance s f  the population with respect to 
other hdd eagle populations. Is &e Arizl~na population merely a scatterd fringe of outlying pairs 
radiating fiorn a lluger ppuiation center& ouside Arizona? Or is the ppularion unique, somewhat 
isolated from immigrant genes, and adapt4  to a desert climate? 

As discuss& in Section A5,4, the pussibiliv that Arizrtna bdd eagles rnay differ from other population? 
in possasirag adapbtions relating to the d a e n  enviroment remain% unresoIved. The desert environment 
is truly extreme for the species. Circumstantial evidence sugg~qts &at heat stress may impact brood 
sums.ivorship of some yexs  (see Section 63 .5 ) -  and would no doubt ewerl p o w e A l  selgtion for genes 
appropriate to s ~ c h  an environment. Arizona bald a g l s  are smaller &an their counterpar& from 
Cdifosnia, hut are biochemicdilly more similar to those in Czriifomia than those from Florida, where 
eagles rue also small <Section E). We found rais overlap in cenain mensurd &aracters between Arizona 



w l ~  and those from Califc3mia or the Yellowstone, but there is little dissimilasitp in variance, No 
band& indiciduais from elsewhere have been detmtd b r d i n g  in A s h n a .  These points sanggar little 
or no recena gene flow into Arizona from other regions. 

Until adults band& as young elsewhere are observd b i rd ing  in Arizona, there is sufgciient justification 
to reject ehe notittn that tfie Arkzr,na bdd ag les  are part nf a larger population elsewhere whose slams 
zsasment  would +ply to Arizona. The Arizona population appwl;  ksiable from a genetie stmdprrint. 
but were the population extivat&, there is no f6m reason tn bejieve that bald mgla refm& into 
A r k ~ n a  from elsewhere would possess the adaptations required to incrase their numbers. Furtfiermore, 
relea?= ti, augment a reduccxi population in Arizona could he deleterious because of genetic dismption 
of existing adapQticzns. 

The 1982 Rmovery Plan did not addras the issue of bald c3agle mortality in Arizona, Our data on dm&s 
m o n g  all age claqses ( S ~ t i o n  A5.2 md C3) illushate numerous md diverse exanaples of human-related 
mortality, We have also found a high fisquency of mate-repiacement at some nmts ( i n d i r ~ t  evidence 
of mortalitl), and the recun-ence of subaduls and near-adulls as members of pairs (Seaion ~ 4 5 . 2 ) ~  

Understanding the possible consequence to a population of a reduced floating segment requirs  gan 

understanding sf how populations of bald eagles are namrdly replated (see Section A5. 1)- a normal 
population which is expanding, pairs will come to occupy dl semicable b r d i n g  locations (SBLsj; these 
will generdly supporl eagles year after year because it is mainly the physiographic aspects of a territory 
that influence its quality as habitat munt 1988). W e r e  food and nest sites are abundant, pair densities 
will be limited by territoridity and otherwise by a particulate distribution of SBLs, each supporting one 
pair. When virtually all SBLs are occupied, a floating popul2tion of n o n b r d i n g  adults will accumulate 
until the deztth-rate and birth-rate of the population are the same, Floaters rnay attempt to displace 
members of breeding pairs, and in doing so map cause reduction in breeding success mansen 1987). 
This, in mrn, may reduce the number of floaters &rough effects on natality, However, this density- 
dependent feedback meehanisrn would not r d u c e  the number of pairs attempting to breed because the 
latter is a function of habitat availabilie with somewhat stable elements. 

Populations regulated by such a process have the appearance of being quite stable (Figure A5.2-7). As 
long as floaters are numerous enough to fill breding vacancies as they occur, the number of b r d i n g  
pairs will be more or less constant from y m  to year. But if the mortality rate be~ornes excessive in any 
age dass  or m o n g  a combination of classes, the first sign of a problem is the appearance of young 
individuds as memhers of pairs. If the trend continua, the breeding population will suddenly begin to 
deeline, and in the worst case will collapsz. 

Tke occurrence of young individuals a$ members of pairs rnay also characxerke expanding populations. 
In this case, the floating populations may not have had time to develop a stable age structure, and 
territorim might be occupied by individuals just old enough to breed. Under t h a e  conditions, there is 
comparatively little likefihoitd of risky encounters with older, more dangerous individuds onper ing  for 
the s m e  sites* U'ith notmaf ratm of survivorship, however, adults will come to dominate the breeiting 
population virtually to the exclusion of younger birds, and will consistently occupy 1~lng-atahIished sites 
iw Fdvorable habitat. 

As discussed in Section A5-2, the Arizona population cunently differs from other ptbpulatiom in N o d  
America in having greater numbers of nw-adults as members aff pairs. The higher ~ q u e n c y  of near- 



adu%ks may be sipnalnng aaa expmding pupuiati~tn. It is curioens, however, &at eagles nesting on 
Chsapmke Say CBT. in Florida, for example, have not aisi? showat significmt numbers of sear adults, since 
both these population have ra;pidl> expmdzd in thr: rgent  prtsc, Despite ohsewations of large nunlbers 
of pairs in both areas, very feuU nw-adults have &em note$ as breders (see Section AS.P.3 J. 

It is our opinion, on the basis of mainly circrrmstmtiai data, th;al: bdd  eagle mofiality in Arizona is 
currentlj high enough to warrant concern for the future of this possibly unique popufation, If the ra ta  
of adult ttlrnover at sites near Phoenix during our study are representative of the entire popuiatiurr, then 
there is no qumtlon that the population is in danger of d x f  ine. Because the population is aireadt. mJB, 
a d ~ l i n e  would exacerbate the dmgers iherent  in small populations. 

merefore, we argtle that despite a pr~sumtxP incraqe in the number of Imowtn breding area, Arir~xtna's 
bald eagle population continua to show signs of vulnerability. The summary points include: (1) no 
evidence of gene flow from outside sources; (2) an eft'ective population size perceivwf small enough to 
be susceptible to genetic, demographic, and environmental threas (see A5.4.2); (3) evidence for high 
adult mortality at some s i t s :  and, (4) indication of deficisnt age-srmcmre in the floating population 

The latter factor is pivotal, for it indicats the absence of a buffer. If, in the futtlre, there is a recluction 
in the occurrence of near-adul& as mmmbers of pairs at long-occupid sites, the status of the population 
may be consider& more secure, hlanayement e g o m  should be focused toward this end, i.e., 
encouraging survivorship, especially the survivorship of b r d i n g  adults. 



In Section B4, BiclSystenzf offers specific rwomzndatiitns on management strategies to benefit bald 
~ g l e s  at nwen nesting territoric5 in Ari~~ona. These re~~nunendt l t iua~  are bas& on malysc\ from 
telemetry studikq of horns rmge, fciraging observations, fjsheria invstigations, habitae mapping, and 
obsewatirsns of human disturbmce, In the current section, BioSystems makes rwo~ramendations of a 
mclre general nature, basing these on an overview achievd during the work at each of the nesting 
territoricq aad on accurnulatd hc twldge  r~f  the popufatiun as a a~hilfe, 

A6.1 PREY I.)QiPErL,ATION MMAGEMEhT 

AS.1 .I Ffaw 
Decisions cln whether or not to allow additional water diversion or p r c ? j ~ t s  that may affect the riparian 
community should consider the potential impact on bald eagle prey, For example, current fish 
cornunities and species abundanca in Arizona river reach& supporting nwting bald eagi~9 may be 
altered if instrearn temperatures significantly chmge, although it is uaknown whether such changes would 
affect bald eagle occupancy and rqroduction. In u n r e ~ l a t d  reaches, instream temperatures may 
increase if ripxirun habitat is lost or if addition$ water is divert.&, In r e p l a t 4  river reach=, 
temperatures may be significmtly altered if: (1) withdrawal dep& changa; (2) reservoir elevation changes 
such that water is wi&drawn fiom a dift'erent layer of the resewoir: or, (3) discharge is modified, 
Changes in water management in the late spring and s u m e r  when resenroirs are stratified and ambient 
temperatures are high would be of greater concern than changes during rhe winter, We recommend study 
of how each of t h a e  factors influence c q ,  sucker, and catfish populations in riverine habitats used by 
eagles. 

In past years, S W  has routinely shut off flow below Bartlett and Saguaro resemoirs but seepage from 
the d m  maintained a base flow of at least 9 cfs. The leaks in the d m s  have recently been repaird, 
so that, presently, when SRP closm heis valves, the Verde and Salt rivers stop flowing, leaving only 
isolated pools. When large arm of the rivers are dewatered, the invertebrate community significantly 
declines, Fish are also concentrated into relatively small areas increasing competition and predation. In 
1989, we found oxygen wncentrations in isolated pools on the Salt River that had fallen below 1 mgf 
when flows were stopped for several weeks. Although suckers are adapted to low oxygen conditions, 
we observd many dead md dying suckers in pmls on the Salt River in 1989. &'bile immediate eeects 
of low oxygen concentrations may be to increase carrion for bald agles ,  we are unsure of the long-term 
eft'ects on prey populations. We recommend hrther study. 

During our study, we idenrifid several trihucaris on the Sale m d  Verde rivers that are regularly visited 
hy m g l a .  Future divasions tiom these streams should be evaluatd ccarefully to ensure maintenance of 
fish p o p u l a t i ~ ~  and riparim ccommunitia, Tmpo-t tributarie to protect 4312 tfie Verde River include 
W a r  C l m  Creek, Fossil Creek, and East Verde Riva:  continu& supplernentd water imports to the 
latter are probably asent id  to maintain the character of this tribumy as habitat for nesting md wintering 
eagles (see S ~ t i o n  B4.4), The important tributaric~ on the Salt River are Tonto Creek, Cherry Greek, 
Canvon Greek, Ash Greek-, Carizo Greek, and Cihcue  Creek, 



AQ,I ,Z Poltutin~ 
An impomn: nnmagenaeaa",trateg-la. favoriag bdd eagles coer the long term is w m~ni to r  coaaeentrations 
ofhmvy metads, chlorinatd hydrocarbons, and other pollutants (see Risebrough, Section Ed), Fish store 
some of these chtntarninants in their tissues md may mnramin~te bdd eagles. Fish papartations are also 
negatively impact& by pollution; in this sxudy we suspect4 pllutiola problem when we found very few 
fish in ceftain tributaries, e,g., Pind Creek and Cmizo C r e k .  We should be e s p ~ i a l l y  semitive EL) 
contminanrs in watersheds draining into the S d t  and Verde rivers, alhough some of tbe contamination 
may be naarrtl, We were untible to dele& impacts of euntanaination on bald eagle productivity in 
Eariwna 

C o n m i n m ~  in waterbirds are harder to prevent since they may migrate out of Arizona, Waterfk~wl are 
gcmd indkcator species of pctllution in the Iarger Kosystem. and levels should be monitor& nn a periodic 
ha i s ,  Recent steps to prohibit the use of lead shot for watert'ctwl hunting in A r h n a  may also be 
important in reducing potentid impacts. 

A6.2 B EAGLE EX-mITAT MkYAGEBZE%T 

Habitat improvement for nesting bald eagles may be more f'easible and effective than for many species 
because eagles are contained within identifiable and somewhat narrow bounds. Compared to other species 
whose habitats are measured in hectares or square miles. the bald eagle's habitat is distributd along one 
dimension, that describert by a river; nesting and fhraging are usually close to the water. 

Enhancing habitat muld benefit bdd eagles in Arkona because the breeding population is small. Each 
pair tends to use exactly the s m e  area year-after-year. Habitat improvement in a particular area would 
therefore continue to benefit eagles and, through yearly accrual of effect, be of significant and lasting 
benefit to the population. Survivorship is naturally high m o n g  eagles, so that increased natality at a 
singfe site might tend to affect a population gain. 

In the balance, tree nests and cliff nests are both serviceable a components of nesting habitat for bald 
eagles in Arizona. In this study, we found no significant difference in nating success between the two 
substrata. Advantages of live tsees over open cliff sites as nesting places for bald eagla  are that trees 
are generally cooler be~ause they rnay offer shade to adults and young and are less likely to distribute 
hecit to the nmt through conduction or reflection; trees do not appear to suppun Infatatiom of chicken 
bugs. Both heat and chicken bugs map eornpromise productivity m o n g  Arizona baid eagla.  A 
drawback to trees is that eagles using them are often closer to human disturbance, and thus tree nests may 
require mart: protection by managers. Trees are also less shble in holding nests and trees eventually die 
and fall down. Finally, trees are more accasible to prdatc3rs and not as easily defend4 from other 
eagles* 

Qur first s ~ o r n n e n i t ~ t i o n  regarding nest tree mwagement is that trees and stands currently supponing 
nesting % l a  should be rigorously protzcted. .dam loss, encmachment, md stand sductiun, Successful 
n ~ ~ t i n g  demonstrata that good foraging habitat is present, The qudity of fcjraging habibt is largely 
physiographic md therefc~re n a y  be long-lasting, but preservation of historicdly-used. nest trees and 
groups of trees rnay be ngessary to &e presenyation uf the b r d i n g  area. It would be wrong to afsurne 
&ax b ~ a u s e  other appareratly suitable trees exist a few miles away that the eagles can simply relocate, 



There are a number of where husharmding new trees f&r the Aenellf of bdd eagia  might aid in the 
alabfishment of new pairs. For exmplz, mush of h e  Verde River betwen Bmlert D m  rutd .the Sdla 
River conRuenct: appears tct contain good foraging habitat for bald eagles, We recornend fencing sorne 
areas and plantir~g trees, a p x i d f y  in areas with n w b y  super-rifiaa, 

The planting of fenced cottonwicctd and wiIlow groves could benefit bald a g f w  in areas de~o id  of tam. 
Fences, however, must he strong and we91 maintain& in order to keep nut g rz ing  cattle, Chicken wise 
may he n&wi to restrict acctilcs by beavers. To be hnctiond as bald eagle nmting habitat, the groves 
would have to be placed in areas of minimal human impact, 

In some bald eagle breeding %as, nest trees (or snags) artre senescent, and regeneration has been retard& 
by cattle. The S h e p  breding area is in imediate  dmger uf loss. The pair has aaevw been successhl, 
&Stlough two young hatched in 1986, The n s t  tree is fdfing a p m ,  a are other I a g e  cortonwoods dong 
Tontc~ Greek. This area also r s e i v ~  heavy disturbance from recreationists (shotgun shells and beer ems 
ate pick& up annudly under f ie  ne~r) .  A posted and fencd-in coffonwood plantation would benefit 
eagles in this area. 

The Fort McDowell breeding area is another site where a fenceci plantation is ne&&. The maquire 
bosque below nest 11 has been thimd by wood-cuEers: and many of the other cottonwcmds in the area 
are falling apart. Fort McBowelt has had 13 known nest trees, most of which have fallen. Fort 
McDowell has been the most productive breeding area in Arizona and its loss might be significmt to the 
population. 

The AImn nesting site may also he in need of nest tree management, The snags currently used by the 
pair are not in very stable condition and rnay fall in the near &future. Since catlle have been removed from 
the n o d  end of A l m o  Lake, cottonwoods and willows are returning; however, tmarisk thickets have 
also erupted. A plan of tamasisk control rnay be n e d d  in some area5 to allow the current renewal of 
cottonwoods and willows a better chmce nf survival; however, the almost impenetrable stands of tarnarisk 
may also operate as an effective deterrent to would-be nest visitors. 

The old willow nest trees in the Horseshoe breeding aea are no longer suitable for nating. Most of 
these tre& have hllen, although sorne snags (lacking branches) are still standing, The pair built nest 9 
in the only remaining suitable nest tree in November-December 1989, Recreation pressure from Ister 
Flat to Shwp Bridge rnay be discouraging eagles from nesting in this stretch of the river. A fencd  
plantation opposite ehe nest cliff might be beneficid, although fluemating resehvoir levels may preclude 
tree survival and occaionalfy cause nesting failure. 

Gleason Fiat on the S d t  River may be an iided site for a fenced cosronwood pimtation. The 11.5, Forest 
Service has plant& caffonwot~d poles here in the past, alhough a fenced grove would like14 have a beEer 
chmce of sun7ivaI. Adult bdd eagles have been sighted here in the winter armd during the b s d i n g  
season. The Ash md Cmyon pairs may utilke &is sectiun of river (DrismlH f985b), Bath Ash and 
Cmyon Creeks eater the Salt River just upstream of Glann Flat, 

Anoher area which may benefit from the plmting of coaonwouds is %he confluence of Sdome Creek and 
Roosevelt Rc5ervoir. Bald ag les  used &is area in the winter of 1988, md four adults (one being the 
Pinto female) foraged in Salonre Bay, Artificial natinp strucmra may be impogmt where nesting 



locations ;trs nonex~stent, as will likely soon be the caw ;la: the S h e p  h r a i n p  XM. The tec~nstmcriow 
and stabjlkatic~hs of  tree n&$t,q could haye positive r~%,fulu, 

QUH data on nest failure due ~ C B  heat stress stngg%$ts &at shade mmagerncnr might reduce natl ing rmo~ality 
at some sites irm y w s  wi& high spring temperatures, A s h d e  structure was iiaasMf4 at the ReCfmond 
h r d i n g  area md u t i l k d  by ehe eagletr; the first year maywood and Ohman 1983), The fblillowing year, 
the adults built the nest up tcs the shade level rendering ir unusable, so the stnlcturs was removd  @, 
Gmbb, per$, m m . ) ,  

The provision of a shade structure n a j  prevent the a y l a  f o m  using a site. Care must  en u, insuse 
&e eagles are not disturbed by the presence of the shade stntcmre, and &that the structure does nttt draw 
human aetentioaa to the nest location. One way around such problem might be ti, avf~id altering recently- 
used nest sites, but rather provide long-lasting shade s u u ~ u r a  at ledga elsewhere wirhin the ara 
normally dek'endd by the eagls .  In selecting sites for shad4  nests, isolation from predators and a 
cornmanding view of the landscape would both incrme the likelihood of selection by the eagles and the 
pcttential for nesting success. 

Mexican chicken bugs may cause nestling bdd eagle mondity at cliff nests in Arizona and probably 
reduce the effective rate of reproduction to some extent (sec: Section C3.4). Fumigation of nests with 
pyrethrins might reduce infesfations, at least in the y a r s  of application; pyrethrinq are highly toxic to 
insects, Although more infomation is first n d e d  on the invertebrate cormnunitis of bald eagle nests 
to determine if naturd eenmies of chicken bugs operate to r d u c e  the probability of chicken bug 
infstations or to lessen their intensity, our opinion is that pyrethrins might benefit a g l e s  if they were 
applied during routine banding operations. These chernicds, often used to spray canaries and other caged 
birds, are naturdly produced by plants, and have been used for feather lice control on bald eagles in 
Alaska where r a w c h e r s  spray the eaglm themselves with pyrethrins (N. Gibson, pers. c n m . ) ,  

I n s ~ t i c i d m  other than pyrethrins are routinely used on pulf ry  and caged birds and may possibly be safe 
for use with bald a g l a  (IC, h g r m ,  DVM, pers. c o r n , ) .  All, including pyrethrins, have the problem 
of heing washed away by rain. and afI must be applied at concentrations that are known to be appropriate. 
We recornend further study of paraites because of their probable effect on productivity m o n g  Arizona 
baId eagles, a matter of potential dvantslge to the population should the eagles decline to small numbers. 
Such s tudis  would invatigate ( i )  ways of safely reducing the incidence of Mexican chicken bugs in bald 
eagle nests; and, (2) the costs (if any) to bald eagles of reducing the numbers of other invertebrata living 
in nests. 

In the sections below, we recommend a number of mmagement a t s a e g i ~  that might ameliorate human 
impacts on bald eagles in Arizona. h is irmpofiant to remember in reviewing them that nest occupancy 
mtnd succss  is ody part of rhe demographic equation, albeit a major part. H d t h y  nurnhets of fioaeers 
c m  sustain bald eagle populations through periods of ajnsiderable adversity, In order to be eff'wtive in 
prserving Ariwna9s pgulation of bald eaglt~\% management decisions aimed at ameliorating humm 
impacts must not only address site occupmcy and productivity hy tlne R r d i n g  segment, but must dso 
seek to preserve the nonbreders, 



A6.3. I DIsturbuince 
Bic~Sy~tcms repc;at&ly emphasiaau, ii.r thjs report afmzt hnamm ddisbrbance at bald eagle wests ire bqrkjna 
may be ctf real consquence to nesting success, We believe &at the main impacls are from incidene irn 
which adults a e  kept from eggs or young, pmicularly before they can thermoreplate, Other di%culries 
arise when mgl&% are discourzgs$ by public users from nating or foraging in ozhewisr: favorsble 
locaticms. 

One generad r&omendation regarding distushmce management in behdf of eagla is to begin the Kesk 
Watch Program early enough tct protect incubating birds from being flush&, mpecially at iterritoris 
subject to high levels of public use. Anotfier a~nsiderarion is to infom pmple regruding the s p ~ i f i c  
dificu6ties eagles have with dismrhmces, 

Eagle5 foraging in reservoirs are often atPract& to shallow water, the extent and distribution of which 
may depend a n  reservoir elevation. It would probably be of benefit to eaglm &at h w r e  development 
of campgrounds, "beach:hes," and other fa-aciliria that attract public users to shorelines be situatd aRay 
from shallow am and inflows, especially those where perches are available. The same is true in areas 
along rivers where important eagle foraging sites :se locat&. Such sites ;ire not necessarily in ttne 
imedia te  vicinitia of nests, but may be identified on the basis of known a g l e  use (see Setion B4). or 
in the case of "super-rimes," by hydrological characteristics (see Se~tion A3,d). Development should 
provide a buEer against disturbance of eagles on their foraging perches. 

A6-3.2 fishing 
Anglers may disturb eagles at nests or foraging sites, or they may endanger eagles by leaving 
monofilament and fish hooks in the enviroment. We recornend m information progrm to alert 
anglers to tfiese problem. 

A63.3 hnehing and Farming 
One impact of ranching on eagles is that cattle prevent the regeneration of ripxian t r a  that would 
benefit eagles as nests and perch sites. We have no solutions to offer for this problem that have not 
already been exprased by otfiers, We regxded it as probable that more a g l w  could nest along the 
rivers and be Jess susceptible to heat problem if there were more trees available. Fencing large arm 
for trees would probably help, as would removing livestock from the river environs. 

Certain techniques of Iivestock predator control probably kill bald eagles in Arizona; these methods 
include poison& cxcassm and those with 'reg-hold traps placed xound them, Because sf the high use 
of carrion, bald eaglw and some other raptor species rue particularly vulnerable to these methods. 
Telemetry data on the movements of suhadutt bald eagla (Sectit~n A4.2) show that t h e e  birds cornonly 
frequent a r e a  some distance from the rivers in late winter and spring where we believe they fc~rage crn 
cattle carrion (see also Se~t ion B4). For this reason, we rwmmend that the use of poison or traps 
around animal carcasses be forbidden, 

In S ~ t i o n  C3.5, we describe h e  configuration of stock watering -that may trap mgles who entzr 
them, Tfie wire grids on top (see Figure G3.6-I), which prevent tfie eagles from escaping, are dt=sign& 
to secure a ptatic lid during winter monhfas; however, ~ e s e  lids are no longer used and the wires serve 
no functivnd purpose. This type of tank could be made safer for eag l~c  simply hy removing the wires, 
and safer still for eagjes and other wildlife by placing a "ladder" at a shdlow angle into the tank md 



w m x t i n g  it to the side md tx?6tnm, Such a ladder could be made from rwo pardlel iengths of 
reiwd-i\~cernent bar wi& wire mesh between, 

Frirrnisrg ha? the potential of being highly detriment$ to bald eagls in Arizona if certain chlorinaad 
hydrocubon pst icide are ever again used. We believe it: wisd to cc~ntinue to periodicafly monitt>r 
pesticide levels in waterfowl, grmt-tail& grackla. swlings, and other indicator species9 keeping in mind 
that some ccrntanrlnanls used south of our borders may enter the food web ttf eagla  in the bodit%\ of 
migrant watedowl, Very high levels of DBE have been detect& in coaon-growing areas in the 
southwat. ehren in the 1980s (Hunt et al, l986). Finally, the possibility &at new chemicals will a p p m ,  
whose effects on mglrts are u b o w n ,  should not he discountd. 

Farming may &so directly aff"ect bald eagles on a territory-by-territorq. basis. Agricufturd fields at Et. 
McDoweIl are probably too close to tfie active nest, and wood-cuaing is rducing the nest grove. We 
suggest a management progrm &ax provida a buffer w n e  of pra"sction. 

A6.3.4 Shnoting 
Although there is ample evidence that bald mgla in Arizona are at least occaiondly shot (see Section 
631, the overdl magnitude of impact on the popufation is largely conjecturd. When nesting adults 
disqpear, panicularly in arw of high human use, shooting is often the most parsimnious explanation. 

TWO main motives for shooting bald =,ales come to mind: ( I )  carual and spontanmus recMessness with 
no over-riding appreciation .for eagles; and, (2) the desire to obtain dead eagles. The later incentive 
night relate to the use of eagle parts in rituds or to profiting from the sale of a g l e  pm. 

It is diecult  to conceive a mmagernent strateyq. that would be completely eRective in prorating eagles 
from people who want to shoot them. One possibility would be to reduce the desire to do so through 
infomation. In this regard, we r ~ o m e n d  an infomation program that fills the imagination with 
positive images ~f eagles and compassion for them. A campaign designed to reduce the loss of bald 
eagles to shooting might be ineff~t ive  if approached directly; that is, by reconmending that psople 
refrain from shooting eagles, because, in our opinion, mentioning shooting and a g l s  in the s m e  context 
might engender very inappropriate mental associations. 

We do not know if eagles are e o m o d y  shot in Arizona for the use or sale of their parts, alhougtt there 
is  evidence that feathers and feet are taken from dead eagles (see Swtion C3). We are at a loss to 
recommend a helpful management strategy in this regard; hut again, a campaign to promtlte rn 
appreciation of living eagles would probably help. Guarding the nesting areas for longer periods might 
he of benefit, hut i s  perhaps impractical from a cost stmdpoint. Imposing stricter penalties for shooting 
within a designat& closure might decrease the m o d i t y  rates of eagles, hut we are far from certain of 
this, 

A63,5 Survivorship of Nan-tardem 
The non-brd iag  segment of Arizona's native bald mgIe population is largely nomadic, seaonafly 
visiting a variety of habirats both wibfiirm and outside Arizona, titThile we encourage the praervation of 
these habitats, we can identify only a few \k.her:re the agles tend to ccrncentratc. These include: ( I) 
the East Verde River; (2) the tower five miles of West Clear Creek; (3) the Salt arm of Rvosevelt 
Reserjoir from Saforne Bay to the diversion d m ;  md, (4) the mouth of Carrizo Creek, Discussions of 
&ese a r e a  are providd iin Sectio~s A4 and C5, bets in the caw of the nibutasies, we are pat!! at a loss 
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in determining why they aQract eagles, To what extent habiQt progrms c-de&ign& to incraqe fixd 
avaifabifitj to nc~nbrdirag baId eagis might acrudlg' result in inerwed suhvivorship mlong thcm would 
he difficult to discover, 

F a  more concrete is the issue ctf d i r a t  m o d i t y  -on% nonbreders. Sources ctf direct mortaIi3, most 
of which are discuss& elsewhere (see Secrion G3,7): include shooting ( S ~ t i o n  A6,3.5), poisoning and 
tr2pping, drowning in metal stock rah (see Se&irrn A6.3-3)- md electrocution. Our mast significant 
recornendations regarding the welfare of n o n b r d e r s  include: I l l  stimulating a grmter puhfic 
appreciation for bald eagles: (2) prohibiting f i e  use of poison or traps around carcass ;  (3) mcdifq.ing 
certain stock t a d s  (see Section C3.6); and, (4) configuring powerlincq to avoid the p~ssihility of 
ejetrocution, High survivd mcrng n o n h r d e r s  is i m p o m t  fn the welfare of the Arizona bdd eagle 
popuiatinn, 

Our work thus fa= has shown &at mortality is higher than expect&, This conclusion is baq& on: if! 
direct data on mcafiatity as rev&& by telemetry; 12) the incidental discovery of dead or criticdilly injured 
birds; and, (3) mate replacement by near-adult eagles, Causs  of the nortdity are fargely u&ovcfra, 
although human activitia are often implicatd. In the light of &is, we recommend the acquisition of 
rnore data on the causa of mortality, We advise capturing and radio-tagging a reasonably large s m p l e  
of subadult ag les  (at least 20) in central Arizona, followed by frequent roll-call airplane sunreys 
conduct4 from October though May in central A r i r ~ n a  for the main purpose of identifying mortality 
factors, Secondxy data from such a study xould yield a rnore detail& picture of habibt selection by the 
non-nesting segment. 

A6.4 S BENEFITING B EAGLES 

During the course of this study, we have been awjlre of an extraordinq efiort on the part of state, tribd, 
and federal agency personnel and a private utility in seeking to presewe Arizona3s bald a g f e  population, 
At the periodic mwtings of the Southwest Bald Eagle Management Conunittee we attended, there was 
communication, a sensitive processing of new information, the solving of real problems, the physical 
implementation of sotutions ("action item"), acquisition and assignment of needed k n d s ,  and a spirit 
of cooperation. There can be no doubt that bald eagles benefit from the activities of the c o m i t t e .  

A6.4.1 kirmns Bald Eagle Nest R7atch Program 
The Arizona Nest Watch Program, start& in 1978, has been a positive force in praerving bdd eagles 
in Arizona. It is we!! known that the praence and activities of the nest watchers has resulted in a 
substantial increase in breetling success, Fctr exmple,  in 1984 when 15 young f dyd, nine of &ern 
fW%) were saved by the nest watchers. On average, the nest watchers are thought to increase yearly 
productivity by 10- 29 percent, 

On the basis of our experience in the Reid, it is c l m  to us that some nests, such as Bartfea, Cliff* and 
"76," would hardly ever produce young without the aid of the nest watchers. Mor~ ,ver ,  it is our <)pinion 
that adufes would disappear from some sites at even grater  rates if nest watchers were not present tu 
protect them, For these reasons, we believe that the Nest Watch Program may be essentid to the suwtvd 
of bJd eagia in Arizona, 



Wecause of the winerahiliq uf eggs to exposure and prdation, it is impofimt tr. pravent iniubating adults 
frg~rn being dismrbd mJ flush&. We recornend that the nest watchers begin their vigils just prtca to 
incubration at sites where disturbmce is most anticipatd. N'hiie mgla are incubiltistg and brooding small 
young, we recrjmnend continuous prrtt&tic)n, ra&er rhm the L ~ e n d a y ~ ~ n ,  four-daqs-c>T s ihdt l lz  
currently in w e ,  

During pre-laying. ancubation, md mri j  brosding, it is impctstmt eo advise the- nstwatcbers themqelvw 
not to approach the nest for a x a ~  puqose. This is not only bsause  of problem associatd with exposure 
and preflatic~n, hue because of adaptations that namrdty long-Iivd birds such as mgim pc3ss~qs regarding 
site tenacitj at the early s t ags  of the reproductive cycle. Briefly, since its own reproductive vdue is 
high due tn its expect& long lifet2, m adult is likely tn suspend its reproductjve attempt in the face of 
perceived risk when the reproduaive value of eggs or smalI young is relatively low. The earlier 
disturbance occurs during the nesting season, the more likely nesting failure is to occur because crf 
faculutivt: rductions in reproductive effort. 

Nest watchers are not only ne&& at breding areas with high disfurbanee potentid, but at certain other 
s i ts  as well, p a i c u l x l y  those with chronically low success rates or those where sirnational causw of 
hilure are suspected, For example, we think that heat stress and Mexican chicken bugs frequently cause 
the Redmond pair to fail. but evidence has been largely "after the fact." Careful observatiow of the 
behavior of adults and young might r e v 4  more w i l y  recognizable symptoms, Thus, if direct 
management adion is somday ne&& on a populational basis (i.e., if the sumival of e v e q  nestling is 
deemed cnrcial), a diagnosis of impending mortality would be available and suggestive of intervention. 

The Arizona bald eagle population collectively produces rather low numbers of young annually. Before 
entering the breeding population, th&e eagles are s u b j ~ t  to a banage of natural and recently der ivd 
mortality agents. These small cohorts inevitably dwindle, so the survivorship of each eagle may be 
significant. We recommend the continuance of the Nest U'atch Progrm,  its direct efforts in protecting 
a g l a ,  and Its acquisition of useful infomation about bald eagles, espwially that regarding humm and 
other factors affecting suntivorship. 

A6.4.2 Color Banding Proyam 
The majority of mate turnover events prmumably occur without anyone's knowledge. Two real 
consequences of this are: (1) h e r e  are no cues to managers for better protection of the birds; and, (2) 
chronic high adult mortality at specific sites may form draim through which significant numbers of 
floaters pass unnoticed out of the population. Mate switching is unknown in bald eagles in Arizona or 
elsewhere, so a turnover probably indicates that a mortaliq has occurred, hfate replacements happen 
very quickly, usudlq within the s m e  season of loss. thus the cost to the floating population of repeated 
loss of crne or both pair members to undetectd m o d i t y  n a y  be very high. 

'%he Visud Identification OTID) Banding System (mlordsymhof) employ& by BicaSystem during this 
study m&a it possible to identif'?; individural eagles fkom dis~tbnces of over 108 m with a telesmpe, me 
main pusposes of the banding p rogrm are tca estimate the age stmcture of the b r d i n g  population, and 
to ascemin mate replacement (rwmitntena) at s p ~ i f i c  terri tori~q~ Neither of these kinds of data are 
neanin,&l w i ~ i n  the time-frame of our study, but: in rhe long term. the value of deteaing m o d i t y ,  
atspecially at spsif ic sites, is inestimable. 



For exmple, even :nwit;rlout bmds, we have found minimm turnctver rates for  breetting aduie a g l s  at 
%he Bmle.tt md Blue Point territories; to be alarmingl) high (see S e ~ i o n  C3.7). En Eve h r d m g  sworn  
(1987-1990). there have been at least three dift'erent males at Bmlett. and iit least & r e  ddigerent femala 
at Bfue Point. We come upon this inform-dtirjn primarily b ~ a u s e  we intzmively s a d i d  both sites, The 
cause of the turntbver at Ba~tlett md Blue Point is probably re]&& to the high %eveis of public use d these 
sites; &t: birds are very likely being shot. 

To be successful, the VTD handing program must mntinue into the future, We recornmend &at h e  
agencim &take it upon &emselves to continue the banding of natlings each spring f'sr at l e w  the next 
d ~ a d e .  The program would have several ancillary results including a fuller display of nlovements, habitat 
use, md  age stmchtre of the non-brding popuiation. a matter currently obscured ( m o n g  non-eele- 
meter& birds) by their shuing of Arizona habitiits tvi& winter-visiting bald m g l ~ c  from the north, 

More importantly, the identitia of all banded territory-holding adults can he verified each spring by 
competent observers. Such data would provide direct evidence of mate replacement, md therefore 
indirect data on adult mortality, given the assumptions of m mate exchanging or displacement 
(asumptions &at would be ctarifid by rading the bmds at many sites), Such information would dso  
be of value in a s s s i n g  the status of the floating population, using age of first breeding as. a measure. 
The continu4 occurrence of four-yearald eagle as mate replacements would indicate a smaHer-than- 
desirable floating population rather than an expmding population of breeding pairs. Finally, the ratio 
of banded to unbmded four-year-old replacements can be used to estimate the effective size of the 
breeding population by extrapolating the number of unknown pairs. 

A6.4.3 Information 
Ultimately, the fate of Arizona's small and possibly unique population of bdd eagles will depend on 
whether people value it sufficiently, Our experience in the field clearly suggests that most pmple do 
regard bald a g l e s  with admiration, respect. and interest. This probably has partly to do with the frequent 
celebration of the speeies by the m d i a  and the fact of it being our national bird. n e r e  can be little 
doubt that television specids, newspapers, and magazines directly benefit ag les ,  not only by invoking 
our appreciation, hut also by producing pleasing images in our minds of the lives and habit&& of wild 
agles ,  thus ducating us to the realities of their ecological needs. 

The public hac not always confidered eagles to be wonderful. Only a few decades ago, it was common 
that alf predators were thought of in highly negative t e r n ,  an opinion based on a profound lack of 
knowledge. The state of Alaska, for example, had placed a bounty on bald eagles because it was thought 
they cc3mpeted with man for salmon. In the early 1950s, a ~ e r  128,000 bald eagle bounties had been paid 
(Gerrard and BagoloMi 19881, it wrrs finally concluded, b a d  on studies, that the eayles fed on d a d ,  
pst-spawned salmon md only rarely ate live fish. The raul ts  of this research made availabfe to the 
public, had a strongly positive e f f ~ t ,  and fomerIy depress& populations of mgls  in Al&~ka have 
rebound&, 

Agencies and land managers cm help bald eagles in a number of ways. Far Arizona, the issue of humm 
disturbance at nests may be one with serious implications. ff this fact becomes clear in the public mind 
through information, the impulse to violate a closure might be replaced by a r e d  consideration for the 
birds. In our opinion, a sign explaining the consequences of disturbance t c j  the eagles would be more 
eft'ective than a sign listing the tegal comequencs tn a. person who might violate the closure., 



Information mag be the onla. way to help with the problem of monofilment md $5sh-ha>ks d a c x i h d  in 
Szctlon C3.3. Tne proczs\ a 6  m&i~ng angiers more w a r e  of the dmger us bald agtw might heip t t 3  

deera$e the tendency pa~pfe  s e m  to have toward laving these materiais in the environment. We 
recomead an approach that arouses ctjmpa\sii~n for the plight of a&licted nestlings. 

An interesting and prtAuctive progrm in Great Britain h a  benefited a population of ospreys. At xrtain 
lakes where conditions a-e apprrtpriate, the public is dlowrxl to observe the breding birds &-om distme 
viewing s t a t i o ~ ~ ,  The program u~ntinues to attract numerous visitors who become inform& during Their 
visit and who contribute substantialjy to the funding needs of the osprey management pmprm, Whether 
such an arrangement would be zpippropriate and helpful ira Arkona is probably woazh considering, 

A5,4.4 Augmte~tatiun? 
m e r e  has been some thought &at Arizona's population of bald eagia might benet'xt by the r e l m e  of 
birds from other asa. Such a progrml h a  been us& dsewhere to reestablish extiqateci popuIations; 
for example, numerous bald eagles from Alska  were releas4 in Kew Uork. 

The mat;ter of whether a releae program should be initiatd in Arizona brings to mind two qustiom: 
(I)  Is such augmenntion ne&&? and (2) Would the imigran t  eagles disrupt coadapted gene complexes 
that may have evolved in raponse to Arizona's d ~ e r t  climate? This s ~ o n d  question is distinct from that 
of whether the i m i p r a n B  u~ould possess the appropriate adaptations to survive in Arizona. 

Several lines of evidence suggest &at the r e l w e  of birds from outside Arizona wouid he both 
unwarranted and unwise at this time. Reasons for it being unwarrmtd include that: (1) a healthy level 
of genetic variability is suggested by the DNA and enzyme studies; (2) there is no other ekridence of 
inbreeding depression; and, (3) the population currently appms  to be maintaining itself and is possibly 
expmding. A release would be unwise because alien birds might disrupt regionally evolved adaptations. 

If, at some point in the fumre, the Arizona population of bald a g l a  appars  unable to maintain itself, 
it may be well to consider a release program in time to preserve the genes that remain. For now, we 
cannot. on the bafis of genetical profila, suggat a candidate m o n g  other bald eagle populations for 
release into Arizona. Dr. Vyse (see Section E6) has retained the DNA samples, and if in the future he 
is able to identi@ and exmine sufficient numbers of additional genetic loci, he may be better able to 
answer the question of which m o n g  the other populations has the greatest affinity to the Arizona ag les ,  

It would be advmtaga~us for a population of captive Arizona eagles to aceme at an appropriate faciliy 
zs they become available as umelwable birds. With proper husbandr)r, such e a g l s  would Iikely be 
long-Ilvej as captive pairs md might contribute to productivit! at failed sites in the wild. 



Plate A18. K o k r t  M e s h ,  L.S. Fish and Wildlife Senice biologist, rappelling from Redrnnnd nest pimade (photo 
by D. Dnscollt, 
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assisted field crews at the East Verde breeding area. 
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Prescott, Henry Miller, Bill Campbell, Ken Berger, Mark Collie, Florence Knoll, Pete Engrnan, Bill 
Smillie, Frank Hein, Paula Becker, Pat Sudar, Max Morgan, Jim Brashear, Robert Toco, Deborah Von 
Gonten, and Veronica Behn. 

1988 Nest Watchers 

Richard and Judy Newbolds, Brian Bock, Steve Fettig, Pete Dixon, Karen Maack, Ernest Victor, Doug 
Shepherd, Wendy Krueger, Maria Farrara, Rick Sweitzer, Sherri Moller, Mark Collie, Florence Knoll, 
Greg Beatty, Ann Housser, Colleen Lenihan, and Neal Lucas. 
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Florence Knoll, Karen Fawcett, Cara Staab, George Gilsdorf, Chris Otsen, Jim Berkelman, and Louis 
Armstrong. 



AS GLOSSARY 

I ABENWP - Arizona Bald Eagle Nestwatch Program. 

Aborted Forage Attempt - a foraging-related event in which an eagle drops its legs with the apparent 
intention of seizing a fish, but breaks off the attack at the last instant, and does not touch the water (see 
perlustration). 

ACE - United States Army Corps of Engineers. 

Active Disturbance - potential disturbance to eagles by humans present in a sensitive area either on foot, 
in road vehicles, aircraft, boats, etc. 

Active Nest - a nest in which eggs have been laid. 

Adult - eagle with full white head and tail, usually at least 5 years of age. 

Agencies - "The Agencies" that directed this study: the U.S Bureau of Reclamation, the U.S Fish and 
Wildlife Service, and the Arizona Game and Fish Department. 

AGF - Arizona Game and Fish Department. 

AGL - above ground level. 

Airline kilometer - straight line distance from point to point, as opposed to "river kilometer" or "Km", 
which refers to kilometer indices along the river channel centerline, as depicted in the BioSystems River 
Map Atlas (Section C9). 

Alternate Nest - a nest in a territory in addition to the existing active nest; usually constructed and used 
during previous years, it may be occupied again in the future. 

ASU - Arizona State University. 

Attack Distance - see Perch Distance. 

Attack Mode - the method of attack, e.g., the eagle saw its prey while perched, then attacked from the 
perch. Other examples include the eagle seeing and attacking its prey while on the wing, the eagle 
pirating prey from another eagle or from another species, or the eagle displacing another eagle or another 
species from carrion. 

Backwater - a body of still water formed behind or adjacent to an obstruction (gravel bar, island, point 
of land) in the current of flowing water. 

Berm - see Pre-riffle. 



BIA - United States Bureau of Indian Affairs. 

Biomass Delivered - the weight (in grams) of that portion of a prey animal that is brought to the nest by 
an adult. 

Black Bass - largemouth and smallmouth bass. 

BLM - United States Bureau of Land Management. 

Boulder-Strewn Habitat - river habitat with many boulders throughout the stream channel, with water 
flowing around and under them (see Pocket Water). "Fine boulder-strewn habitat" has no boulders 
extending more than 2 ft  above the surface; "medium boulder-strewn habitat" has one to four boulders 
extending more than two ft  above the surface; "course boulder-strewn habitat" has five or more boulders 
extending more than two ft  above the surface. 

Breeding Area - an area containing one or more nests within the range of one mated pair of birds. 

Cascade - river habitat with very steep slope over short distance. 

Catfish - refers to channel catfish and flathead catfish (bullhead spp. were also taken by Arizona bald 
eagles). 

Centrarchid - a member of the family of teleost fishes (Order Perciformes) that originated in eastern ~ North America; commonly referred to as sunfish or black bass. 

DNA Fingerprinting - a technique which allows the demonstration of genetic polymorphisrns in DNA 
fragments. The process involves the fragmentation of high molecular weight genomic DNA with 
restriction enzymes. The fragments are then separated according to size by electrophoresis and 
transferred to a membrane where they are rendered single-stranded. The membrane is then probed with 
cloned DNA singled-stranded sequences marked with radioactive nucleotides. The latter bind to 
homologous strands of DNA on the membrane, and the locations of the DNA fragments which have 
bound to the probe sequences are revealed as chromatographic bands by autoradiography. These are 
interpreted as Mendelian. 

D.O. - Dissolved oxygen concentration in water. 

Effective Population Size - the average number of individuals in a population that actually contribute 
genes to succeeding generations. 

Electrophoresis - for our purposes, a process by which enzymes (and certain structural proteins) are 
made to migrate differentially in an electric field. The process may reveal allelic variation in the genetic 
loci which code for the enzymes. Enzyme substrates and dye couplers are used to create chromatographs 
displaying the differential mobilities of the enzymes. 

Epilimnion - the upper (warmer) layer of a stratified reservoir 

Eyrie - a raptor nest site. 



I Failed Nest - an active nest in which eggs did not hatch, or young died before reaching an advanced stage 
of development. 

Fledge - to leave the nest for the first time. 

Fledgling - an eaglet that has recently left the nest. 

Floater - a member of the floating population of nonbreeding adults and near-adults. 

Floating Population - that population segment containing adults and near-adults that are not members 
of breeding pairs or defending a serviceable breeding location. 

Forage or Forage Attempt - an attack on prey, whether or unsuccessful, in which the feet of the eagle 
strike the water. 

Forage Fish or Prey Fish - fish in appropriate size categories for utilization as prey by bald eagles. 

Foraging Macrohabitat - the type of relatively large environmental components surrounding a foraging 
event by a bald eagle, such as river habitat (run, riffle, pool, etc.) and type of perches available (cliff, 
snag, etc.). 

Foraging Microhabitat - habitat components specific to a foraging strike point, measured soon after a 
bald eagle foraging event, e.g., substrate and vegetation, water temperature, depth, turbidity, velocity. 

Foraging Range - see Home Range. 

Home Range - the area frequented by a pair of eagles during the course of the nesting season. In this 
report, we distinguish it from the soaring range as the area containing all known foraging locations and 
those perching locations that are presumably related to foraging (See also, soaring range). 

Hypolimnion - the deep (cooler) layer of a stratified reservoir. 

Isothermal Reservoir - a reservoir condition in which temperatures are similar throughout the water 
column; unstratified. 

Juvenile - an eagle in its first calendar year, from fledging (when it leaves the nest) through migration. 

Kleptoparasitism - see Pirating. 

Krn - see River Kilometer. 

km - see Airline Kilometer. 

Lake-Loc - see Shoreline Kilometer. 

Littoral Zone - the area of a body of water near shore characterized by sunlight penetrating to the 
bottom. 



MSL - above mean sea level. 

I Mute - raptor excrement; "whitewash." 

Mean Commuting Distance - the average airline distance (km) from the nest traveled by an breeding 
bald eagle to perch andlor forage. 

Near-adult - eagle with brown mottling in predominately white head and tail, ca. four years old. 

Nest Effect - a bias in calculating eagle foraging range distribution. The normally high frequency of 
visits by an adult eagle to the nest area score tends to grossly overshadow its visits to other locations. 
Because the nest area may be an important foraging area, visits there cannot be discounted. The solution 
to this dilemma lies in weighting the nest area according to the proportion of total foraging observed 
there. 

Nest-Years - number of nests in a sample multiplied by the number of years. 

Nestling - a baby eagle (eaglet), from hatching to fledging. 

Obsform - Observation form-BioSystems principal field form used to record observations of bald eagles, 
their use of habitat, and the occurrence of public users. 

Occupied Breeding Area - an area containing a nest at which at least one of the following occurred: (1) 
young were raised; (2) eggs were laid; (3) an adult was observed sitting low in the nest, presumably 
incubating; (4) two adults were observed perched on or near the nest; (5) an adult and a bird in immature 
plumage were observed at or near the nest, if courtship behavior occurred; or, (6) recent repairs (fresh 
sticks or lining), mute, or feathers were visible at or near the nest. 

ORA - occupancy and reproduction assessment of bald eagle nests conducted during the breeding season. 

Passive Disturbance - an existing human development f i e d  permanently or semi-permanently on the 
landscape (e.g., road, campground, house). 

Pelagic - deep open water region of a lake or reservoir. 

Perciforrns - spiny-rayed fish (e.g., bass and perch). 

Perlustration - a foraging-related event in which an eagle flies or circles low over the water and appears 
to scrutinize a potential prey item, but does not lower its legs (see aborted forage attempt). 

Perch Distance - the horizontal distance from the attack perch to a foraging strike point, in meters. This 
measurement does not include any additional distance which might accrue due to the eagle circling before 
striking, nor does it measure the diagonal distance from the attack point to an elevated perch. 

Pirating - the act of stealing a prey item from another animal (see Kleptoparasitism). 



1 Pocket Water - river habitat characterized as boulder-strewn; habitat dissociated, moderate slope (see 
Boulder-Strewn). 

Pool - river habitat that has slow water velocity, water surface elevation gradient near zero, and holds 
significant amounts of water at zero flow. A "shallow pool" is < 4 ft  deep, a "mediumdepth pool" is 

I 4-8 ft deep, and a "deep pool" is > 8 ft  deep. 

Pre-Rime - the relatively smooth, shallow water on the upstream edge of a riffle (berm). 

Prey Delivery - a prey item is brought to the nest by an adult eagle. 

Prey Disposition - describes what the eagle did with the prey item. 

Prey Item - a prey animal, or a part thereof that is utilized by a bald eagle and identified by researchers 
through observation or analysis. 

Prey Status - describes whether a prey item was taken alive, as carrion, was pirated, or was sick or 
injured prior to discovery by the eagle. 

Public User - one person on foot, one road vehicle, one boat, one low-flying aircraft, etc. (each is 
recorded as one public user). 

Public User Type - refers to whether the public user is fishing, camping, boating, working cattle, 
conducting research, idling, etc. 

Public User Mode - refers to whether the public user is a person on foot, or is a road vehicle, a boat, 
an aircraft, etc. 

Public User Position - refers to the location of the public user relative to the river channel, reservoir, 
or eagle nest. 

Reclamation - United States Bureau of Reclamation, a part of the Department of the Interior. 

Redds - a nest excavated in a stream or lake bed in which fish (usually salmonids) deposit eggs. 

Regulated River - a river whose flows are normally released artificially from a dam impounding a 
reservoir. 

Reservoir Stratification - the tendency for a reservoir to form discrete water layers differentiated on the 
basis of temperature. Deep reservoirs are more likely to stratify than shallow ones. 

Rime - river habitat of fast, shallow water, moderate slope, turbulence, and exposed substrate. 

River Habitat - refers to hydrologic features including runs, riffles, pools, pocket water (= boulder- 
strewn), cascade, and backwaters. 



River Kilometer Segment (Km) - distance indexed along the river channel centerline, as depicted in the 
BioSystems River Map Atlas (see also airline kilometer and shoreline kilometer). 

Roll-call Census - a telemetry survey, normally conducted by airplane at a fairly high altitude (to 
maximize reception) along a standard route, in which the transmitter frequencies of all eagles are scanned 
(for 3 seconds each). Upon detection of a transmitter, the biologist "locks in" the frequency, locates the 
transmitter, then continues the survey in scanning mode. 

Run - river habitat characterized by moderate current, nonturbulent surface, moderate slope. Runs are 
typically too deep to be riffles, too fast to be pools, and few large boulders. A "slow run" has a relatively 
smooth surface; a "fast run" has noticeable surface turbulence. 

1 Run-of-River Reservoir - one in which large volumes of water are not stored behind the dam. 

Salt River Recreation (SRR), a lessee of the U.S. Forest Service which rents inner tubes to 
recreationists in the Blue Point breeding area. 

Soaring Range - the area of soaring and territorial patrolling by a pair of bald eagles; the soaring range 
may extend beyond the home range. 

Seechi Disk - a device used to measure water clarity on the basis of its depth of visibility in centimeters 
beneath the surface. 

Segment - refers to one full river kilometer (Km). 

Serviceable Breeding Location (SBL) - an area, containing a nest site and foraging habitat, in which the 
expectation of reproductive output outweighs, in evolutionary terms, the risks of death and physiological 
exposure inherent in a nesting attempt. An SBL is optimal where its various components (habitat, food 
supply, absence of predators, etc.) combine to produce a maximum number of surviving young while 
minimizing reductions in parental survivorship and future fecundity (see Hunt 1988). 

Shore Distance - the distance in meters between an foraging strike point and the shore. 

Shoreline Kilometer (SKm) - locational indices depicted along reservoir shorelines in BioSystems' River 
Map Atlas. 

Side - river side, facing downstream. 

SKm - see Shoreline Kilometer. 

SL - see Standard Length. 

SRP - Salt River Project, a nonprofit water and power utility which operates the dams built by the U.S 
Bureau of Reclamation on the Salt and Verde rivers in central Arizona. 

SWBEMC - Southwest Bald Eagle Management Committee. 



Subadult - one- to three-yeardd eagle in various plumages of brown and white mottling. One year old 
bald eagles are typically dark, and two to three year old birds have white bellies with an inverted white 
triangle on their back. However, we (BioSystems) observed a ten-month old telemetered nestling in the 
white belly phase. 

Successful Foraging Attempt - an attack in which food is obtained by an eagle. 

Successful Nest - an active nest in which at least one young 
survived to an advanced stage of development. 

Suckers - refers to both Sonora and desert suckers. We were only rarely able to differentiate between 
these two species as they were delivered to the nest. 

Surface Turbulence - wave disruption of the surface of a water body affecting visibility from air to water 

Standard Length (fish) - distance in centimeters from the tip of the snout (or lower jaw, which ever 
sticks out farther) to the end of the vertebral column (Moyle 1976). 

Strike Point - the exact location at which a foraging eagle's feet strike the water in an attack on prey. 

Super-riffle - a riffle which maintains habitat integrity under a wide variety of flows. As flow increases, 
water depth and velocity increase in only a small area of the habitat, while overall the amount of shallow 
water increases in the riffle due to the spreading of water across a gravel bed. A normal riffle becomes 
a run with moderate increases in flow. 

Territory - specifically, the area around the nest that is defended by a pair of adult eagles, or generally, 
an entire breeding area (the territory plus the rest of the home range), e.g., "we surveyed the Bartlett and 
Blue Point territories." 

Time Line - an uninterrupted, minute-by-minute record of the movements and activities of a radio-tagged 
bald eagle over a long period of the day. 

TL - see Total Length 

Total Biomass - the live weight (in grams) of a prey animal. 

Total Length (fish) - the greatest distance that can be measured, usually from the tip of the snout to the 
longest ray of the caudal fin, when the upper and lower lobes can be squeezed together (Moyle 1976). 

Transmitter - a small radio unit attached to the back or tail-feather of an eagle which emits a radio pulse 
that is used to locate the eagle and determine its behavior. 

Turbidity - in this report, the opposite of water clarity. Expressed as the distance in cm that a Secchi 
disk is visible from the water surface. 

Unoccupied Breeding Area - an area containing a nest where none of the criteria of occupancy are 
fulfilled (see Occupied Breeding Area). 



Unsuccessful Foraging Attempt - typically, a failed attack on a fish in which the eagle's feet strike the 
water. 

1 I USBR - United States Bureau of Reclamation, a branch of the U.S. Department of the Interior. 

USES - United States Forest Service, a branch of the U.S. Department of Agriculture. 

USFWS - United States Fish and Wildlife Service, a branch of the U.S. Department of the Interior. 

I USGS - United States Geological Survey. 

VID Band - a visual identification band placed on the leg of an eagle; unique symbols are engraved on 
each color-anodized aluminum band which, read from a distance, allows recognition of each banded 
individual bald eagle. 

Visitation Score - a method of measuring habitat selection based on the number of visits by radio-tagged 
eagles to specific locations. Each time an eagle traveled to a location and perched or foraged, the 
location received a score of one point. If the eagle left the location and traveled 100 meters or more 
along the river, but then returned, the location received another point in an accruing score. Large 
numbers of visitations to the nest tended to overshadow point scores of other locations, but because the 
nest vicinity was often an important foraging area, it was inappropriate to exclude it from analysis. We 
therefore weighted the score in the nest vicinity according to the proportion of the bird's forages 
occurring there. 

Weighted Visitations - see Visitation Score 

Zone - a standardized area, usually larger than one kilometer in length, that functions to accommodate 
locational data in which the geographic positions of telemeter4 eagles are not precisely known. 
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