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Presentation Notes
Not counting the egg, a healthy population of golden eagles has four life stages: juveniles, subadults, floaters, and breeders.  If we are modeling demography, we start with the number of fledglings because that is when we begin to lose track of individual survival.
I recommend letting eagles be juveniles for an entire year so their annual risk of mortality can be directly compared with the mortality of older eagles.  The banding office has us using “Calendar Year,” but that doesn’t work.  So we start with a standard fledging date of June 15th in northern California  and then let the bird become a subadult on the following June 15th. 
There are three years of subadulthood, and we can refer to these birds as Subadult-1, Subadult-2, and Subadult-3. An eagle becomes an adult on June 15th of its fifth calendar year of life, 4 years after it fledges, but there are still about 8 months before it can nest as an adult. So... the minimum time from being an egg to being an identifiable incubating adult is five years. That doesn’t mean that subadults can’t hold territories and lay eggs, of course, because they occasionally do, and especially in growing or depleted populations. Notice that eagles do not necessarily start breeding when they reach maturity.  There’s the problem of finding a territory vacancy.  What happens is that all the potential places that are useful to eagles as nesting territories tend to become occupied by pairs. As more adults come on line, many of them cannot find a vacancy.  Those nonbreeding adults are called floaters.



©Photo by Nick Dunlop 
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Eagles show an enormous tolerance for diversity in nesting habitat in California and Nevada. Here we have a typical nest in the coast range where almost all the eagles nest in trees. There can be a very tight mosaic of nesting territories, and the general rule is,  that when adult pairs are near their nests, they do not tolerate the sight of other eagles. The undulation displays are warnings to potential trespassers.
In drier regions, nests are pretty much dependent on cliff distribution, meaning that there are often vast areas with no pairs at all. 
A population will tend to fill the habitat, and it is nest-site distribution and territoriality that limit the density of pairs, and ultimately the entire population.
But remember that food availability and other factors affect whether a nest site is serviceable to a pair of eagles in any particular year. Food supplies can be pretty stable in some areas and much less stable in others, especially in regions where jackrabbits are the main prey and their populations cycle. Those cycles not only influence reproduction, but sometimes even occupancy. It’s important to keep these things in mind when evaluating nest survey data from year to year.



Golden Eagle Prey in CA and NV 
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It’s amazing to visit a golden eagle nest and see the great variety of prey remains, or to examine those long prey lists reported in the literature. Almost anything imaginable is fair game. Here are some of the prey of golden eagles in California and Nevada. The main ones are lagomorphs, ground squirrels, and marmots. Brian Woodbridge and I are trying to delineate some bioregions in California and Nevada so that golden eagle status could be evaluated according to basic differences in their ecology. The prey species that form the main diet of the eagles seem the best way to make those divisions.
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Here is some ideal foraging habitat near Pleasanton. I cannot imagine a better habitat for golden eagles. California ground squirrels are abundant, here, and eagles often hunt  them by gliding very low over the terrain, letting the contours hide them until  they are close enough to surprise their prey.
There’s a golden eagle nest down in those oaks, and I take this time to explain a good way to survey nesting eagles and find new pairs. During January and much of February, eagle pairs are building and repairing nests, and they are frequently undulating to advertize their territories. They are very conspicuous when they do this, and you can see them for miles from a nice elevated position like this one. From a hilltop, you may be able to spot undulating pairs in several directions. Later on, it’s much more difficult to find pairs.



Territory Occupancy 
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Daniel Driscoll is going to cover this topic of territory occupancy in detail later on today, but I do want to mention the thing about subadults as pair members. Normally, the frequency of subadult pair members is just 2 or 3%  or less, but in some European studies, the proportion has been much higher.  When you think about it, unless the population is declining or growing or really fast (and who ever heard of that), the proportion of subadults should not exceed the breeder mortality rate (say, about 6% annually). The only time those two values should come to match other is when there are aren’t any floaters around to fill territory vacancies. If the proportion of subadults is really high, say 20% or so in a population that’s been around for a while, it probably means the breeders are dying wholesale – maybe they’re being shot or poisoned Anyhow, it’s a good parameter to keep track of if you’re confident about distinguishing the age classes, which, by the way, is another issue. There can be adults around with bits of white in the tail.



 Reproductive rate = the number of large young (ca. 8 wks) 
per territorial pair 
 

 Successful pairs are easier to find than those that fail 
 

 Therefore, start early 
 
 
 
 

Steenhof, K. 1987. Assessing raptor reproductive success and productivity. Pages 157-170 in 
B.A. Giron-Pendleton, B.A. Millsap, K.W. Cline and D.M. Bird [eds.], Raptor Management 
Techniques Manual. Natl. Wildl. Fed., Washington, D.C.  
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If the Golden Eagle Working Group has its way, there will be some nest surveys over the next few years. It will be important during those surveys to get the kinds of data that will be useful in estimating average annual reproductive rates for the various regions in California and Nevada. The reproductive rate is an essential parameter if someone is trying to measure the impact of mortality.  But getting a proper estimate isn’t easy. The reason is that golden eagle productivity can vary like mad from year to year. It varies with prey cycles, and it varies with the weather. In general, you cannot expect to get a proper estimate of the reproductive rate in just a few years of surveys, and one year will tell you almost nothing.
Karen Steenhof wrote a paper a number of years ago that explains the pitfalls associated with estimating the reproductive rate in golden eagles and other raptors. Let’s say, we go to a new area in April or May, and we start looking for pairs. The chances are, we’re going to find the pairs that have chicks, and we’re going to miss seeing some of the pairs that have failed.  The survey will therefore overestimate reproduction for that year. The way around the problem is to start early, prior to incubation and when the pairs are copulating, nest-building, and undulating. In later years, when we’re familiar with how the territories are laid out, we can more easily determine presence or absence, and the pressure of getting it all done early is reduced.
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We’re always hearing about population growth rates. Let’s say that someone reports that  the lambda estimate (the annual rate of change) is some particular value like 0.98 which would suggest that the population is declining at 2% per year. 
Naturally, decline is something to worry about, but when lambda is greater than one, the population may not actually be growing at all. The reason is that a population of eagles tends to fill its breeding habitat with territories. 
In this graph, we have a situation where lambda is greater than one, and there are two possibilities of what is actually going on. The first is that pairs of eagles have yet to fill the breeding habitat, and the population is, in fact, growing.
The second, and far more likely possibility, is that virtually every piece of habitat serviceable as an eagle nesting territory is occupied by a pair of eagles, and a reservoir of floaters is buffering the breeding population against loss  Note that the value of lambda isn’t changing from left side to right side of this graph, and yet the population stabilizes. An increase in lambda increases the height of the red bars, the floater buffer. It’s just that the standard model for lambda doesn’t accommodate a spatial limit. I’ve got a simple Excel model that does, and it’s available free on The Peregrine Fund website, and I can walk you through it on the telephone if put it on your screen and call me.
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Now what if lambda had been less than one? The population would be declining at a certain rate, right? The floater segment is lost, or will be lost, and the population slides downwards so long as per capita reproduction and mortality remain the same.  They may not, of course, because the per capita reproductive rate may actually go up as pairs persist on the higher-quality territories during the decline. This is the so-called “buffer effect.
The bottom line for demography, however, is that golden eagle populations are very sensitive to changes in adult mortality rates. That’s the typical situation with long-lived , slowly-reproducing birds. I tried modeling some plausible rates for survival and reproduction, and found that reducing annual mortality of adults by 8% had the same effect on the population trend as an 43% reduction in the reproductive rate. This high degree of sensitivity is of real concern when new forms of mortality pop up in this species.
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Fifty years ago, eagle conservationists worried most about shooting, trapping and predator poisons, but these have lessened somewhat as the public has come to appreciate eagles more. Mortality agents that currently seem most important are electrocution, wire strikes, lead poisoning, vehicular collisions, and now there are wind turbine blade strikes.
Electric wires and wire fences probably kill lots of eagles, but what in the world can we do about it. The same is true for collisions with road vehicles. These fatalities are actually fairly common in some regions where eagles go to the road for carrion. But, again, these kinds of problems are very difficult to fix. 
Notice there are three mortality agents that I highlighted in yellow. These are the ones I’m going to talk about, because they are the ones we can perhaps do something about.
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The first is electrocution. It is common, widespread, and preventable. The problem is the expense of retrofitting. The primary culprits are distribution lines and utility lines, and wet weather makes everything far more dangerous. Notice that I not mention the big transmission lines. They are generally not a source of electrocution for eagles or other raptors.
Consider the distribution line here on the left side of the screen. It is essentially a baited trap, the bait being an attractive place to perch. These lines are all over the place in northeastern California where I live, and also in Nevada. People still haven’t gotten around to retrofitting anywhere near all of them. Notice the triangular perch-guard band-aid between the two wires on the second pole down. Someone likely found a dead raptor under it. They reported it, and the company came out and fixed that particular pole.Perhaps society should be more demanding.
The people who designed the pole on the right understood the birds better and the problem of electrocution. For one thing, the pole has its wires at least 60 inches apart. Plus, the jumper wires are insulated, and the whole design anticipates raptors using the pole as a perch.



2 cm 2 cm 

2 cm 

Lead poisoning 

Presenter
Presentation Notes
Lead poisoning from bullet fragments and shotgun pellets in animal remains is very likely a major cause of death and misery among golden eagles. It’s amazing how quickly golden eagles find gut piles and unrecovered carcasses. They do it, I think, by watching ravens and other scavengers. We know eagles are frequently exposed to lead in these remains and the remains of other gun-killed animals. 
The problem is that lead-poisoned eagles do not tend to die in areas where you’re likely to find them. They typically go to the ground and starve undetected, so the incidence of lead poisoning in goldens is very likely underestimated. There are probably also sublethal effects that affect eagle health and behavior. One can infer this from the fact that humans are adversely affected by very, very tiny amounts of lead in the bloodstream.  
This is an x-ray of a deer carcass with over 700 metal fragments counted, and they radiated about 12 cm around the bullet path. Hunters target the thorax, and based on what has become a pretty large sample now, the gut piles of virtually all deer shot through the thorax  with standard lead-based bullets contain fragments, often hundreds of them.
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This is a piece of deer muscle tissue about the size of a golf ball- under magnification. Note how the fragments grade down in size to dust. 
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Here we have a very popular rifle bullet used to hunt deer throughout North America. On the right is the manufacturer’s advertizing about how this bullet is going to deform as it passes through an animal.
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And here is what that same brand and model of bullet looked like when we shot it at a standard light-plastic milk carton full of water at a distance of 40 meters. We found about half the fragments scattered around, and couldn’t find the rest.
In all, there were 53 grains of fragments. That’s over 3,000 mg. Consider that Hank Pattee, working for the Fish and Wildlife Service at Patuxent, experimentally killed a bald eagle in a feeding study with only 19 mg of metallic lead absorbed.



Barnes solid copper “X bullets” 
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Now here is the ideal hunting bullet. It does not fragment much, if at all. And it is just as accurate, just as deadly, and just as humane as any lead-based bullet. Most hunters that use them never go back. It’s a matter of getting the information out.
As conservation biologists, I think we can do golden eagles a huge favor by keeping up with this issue, by learning as much as we can, and by talking and writing about it.



Windfarm Mortality 
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Wind turbines are apparently here to stay, and they are rapidly increasing on the landscape. Golden eagles and other raptors do not seem particularly afraid of them. There has never been anything like a moving turbine blade in the evolution of these birds that might have acted as selection pressure leading to avoidance behavior.  Touching a moving turbine blade is always fatal, but there is little or no negative feedback associated with a close call.
One factor that makes wind turbines different from most of the other morality agents is that they are local rather than ambient in their distribution. Roads, fences, electric lines, and gut piles are all over the place, but thus far, wind turbines are localized. That fact effects how we model eagle population dynamics, and where windfarms are placed becomes a matter of conservation concern.  







 



1.  Develop less-lethal turbines 
 

2.  Erect fewer of them 
 

3.  Arrange them differently 
 

4.  Stop their motion when raptors are present 
 

5.  Build wind farms in habitat unsuitable for golden eagles 
 
6.  Make habitat within existing wind farms less attractive 

How to Minimize Golden Eagle Blade-strike Deaths 
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As a reductionist, I’ve tried to think of all the ways to reduce the incidence of wind turbine blade-strikes on golden eagles. I came up with six. The first four are device-related strategies, and the last two are ecological. 
As for the first on the list, mainstream turbine designers have had to compete with existing forms of power generation to sell their products, and birds have been the last thing on their minds. It may be that design innovations could make turbines safer, but who knows at this point?
As for the second one, it is true that replacing small turbines with bigger, more efficient ones translates to fewer of them on a per megawatt-hour basis, but the benefit holds only so long as the total energy output per wind farm does not increase.
 
Hypotheses about clustering turbines rather than spreading them out, or stopping them during certain months may have merit. I don’t know.
One thing’s for sure – and I’m taking about strategies 5 and 6 – a golden eagle that is not in a windfarm cannot be struck by a turbine blade.



 

Altamont Pass is a Golden Eagle Trap 

Open grassland,  numerous ground squirrels, numerous 
wind turbines 
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 So an obvious solution to reducing blade strike kills is to avoid placing windfarms in landscapes that are attractive to golden eagles. There are four kinds of attractants: perches, updrafts, nest sites, and food. I think we would all agree that food is the most influential in how eagles are distributed. Avoiding food-rich areas as wind project sites is an overarching consideration. Whoever approved the construction of the windfarm at Altamont Pass back in the 1980s did not understand the relationship of raptors to food, and from all I can tell, they still don’t.





Wally Erickson photo 

Photo by Jeff Smith 
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There’s one additional issue to discuss about golden eagles in relation to windfarms, and that is presence of nest sites. Even if the food supply is low, eagles may try to nest there is a  suitable cliff is available. Here’s the problem. When an eagle nesting in a windfarm is hit by a turbine, a floater will take its place. If it too is killed, you can see where this is going: a sort of continuously-flowing adult mortality drain. 
I would consider getting permission to render the site unusable by nesting eagles. Losing the site is likely to be less costly to the population than the cost of adults being killed there, being replaced by other adults, they being killed, and so on. …Something to think about.



Windfarms can be raptor 
traps… Do not bait them! 
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I leave you with this one last thing.  I’ll say it again. An eagle that is not in a windfarm cannot be struck by a turbine blade.
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