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Step 5:  Monitoring – Jim Nichols

>> B. Frost: 

To lay out the next step of the Adaptive Management process, we have Jim Nichols from the USGS. Jim will be describing step five, monitoring. Jim?

>> J. Nichols: 

Thanks very much. Bert. In describing this last step of the set‑up phase, I think it's useful to think about why it is that we actually need monitoring, in other words, how does monitoring fit into the Adaptive Management process? So in talking about this, I would like to step ahead, if I could, and go to the topic of the third broadcast in this series, which will be the actual iterative phase of Adaptive Management, the process itself. The reason for doing this is showing where it is in this iterative process that monitoring data fit in, in other words, where it is that we need monitoring in order to do this. The Adaptive Management as has been described is very much an iterative process suggesting that at different points in time often periodically we'll be making decisions, perhaps this might be at a particular time each year. So we would be doing this periodically, but at one of those decision points, the basic job of the manager is to select which action to take. That selection involves basically all of the elements of the set‑up phase that have been described previously. For example, we have to think about the objectives, the actions that are available to us. We have to think about the model, as Ken just described that predict what the system is going to look like after we impose different actions. And then we need the estimated state of the system. By state of the system, if, for example, we're doing something like single population management, it could be as simple as something as population it size itself. Anyway, armed with those four pieces, then, those pieces of information, the manager selects the proper action to take, the action that's most likely to drive us towards those objectives. Once the action is decided on, then, it's implemented, the action drives the system to a new state, and that state is identified via the monitoring program. Then there's this science‑based component of Adaptive Management that Ken just mentioned where the estimated state of the system is compared against the predictions of the competing models, of the multiple models that we're using in this process, and basically we end up developing more faith in the models that perform well, in the sense that their predictions correspond closely to what we found in the monitoring program, and then we have less faith in those models that didn't perform so well. After this step, we then return to the first step, if you will, in the iterative process where here we are next year, we have to make this decision again. Now we again have the actions and objectives, they stay the same but now we have a new estimated state of the system and we perhaps have different views of the credibility of our multiple models.  So as you can see here, there are at least four key places where the monitoring data end up being very important in this iterative process of Adaptive Management. I would like to emphasize then or focus on four major roles, then, of monitoring in Adaptive Management. I'll list them first and then talk a bit about each one. The roles are first to determine system state for the purpose of making state dependent decisions. Second, determine system state in order to assess the degree to which our management objectives are being achieved. Third, to determine system state for this science comparison of model‑based predictions as a basis for learning. Then finally, to provide estimates of parameters for model development and updating. So as I said, I would like to say a couple things about each one of these roles, if you will. So this first role, then, is the idea of using estimates of system statement for state‑dependent management decisions. The idea of a decision being very much a function of or dependent on the state of the system is something that should be very natural and make sense to us. Indeed, optimal or smart decisions should typically be state‑dependent. A simple example here is if our decision involves, for example, a harvest, what set of harvest regulations to implement a at a point in time, this is very much going to depend on whether the population is smaller than he would like it to be, larger than he would like it to be or perhaps at a desired level. An example here is one from adaptive harvest management, a program with the U.S. Fish~&~Wildlife Service right now. We have on the left‑hand column of this table, say, population size of mallard ducks in the mid‑continent portion of North America at a particular time of the year, in the breeding season, a time just before hunting regulations have to be set. And the notion here is that if population size is relatively small, we might be more likely to implement or suggest restrictive populations. On the other hand, if population size is fairly large, we might be much more likely to implement liberal regulations. So this notion of state dependence is something that ought to make a lot of sense and be ‑‑ it's a reasonable thing to do. That's one reason for wanting and needing, requiring a monitoring program. The next role then is this idea of assessing system performance. We're going to be interested in monitoring variables are related to our goals and objectives as a way of assessing how well we're doing, determining whether our management is achieving what we would like it to do. These goals and objectives may be, in fact are often, Functions of those system state variables themselves, in other words, things like population size objectives that we might have. In addition to that, there may be other goal‑related variables that he would also then want to incorporate as part of our monitoring program once again to continue to be able to assess how well we're doing in the management enterprise. The third role, then, that we have is this idea ‑‑ role of monitoring is this idea of assessing models of system dynamics. The notion here is that estimates of system state and perhaps other variables as well there are obtained from the monitoring program are compared against our model specific predictions. I mentioned this earlier. Basically models that predict well we're going to develop increased faith in those. Models that predict poorly, we're going to go ahead and decrease our faith in these. They're going to have less influence in subsequent decisions. These changes, then, in our degrees of faith in the different models represent a key aspect of learning, a very important component off adaptive management and one of the real strengths of Adaptive Management as we see it. The fourth role, then, is then this ‑‑ is the idea that we need in the first place when we're developing model, add then later on in the process as we periodically go back and update models, it's important to have estimates of some of the key parameters that basically populate these models. So once again, this is a place where monitoring program ends up being essential. Having spoken, then, about these different roles, if you will, of monitoring in the Adaptive Management process, I would like to say just a couple of things about, okay, given that monitoring is important thing, how do we go about doing it? There are many different approaches to monitoring, a lot of specifics, and what I'll try to do is talk about what I view as the two sort of key characteristics or key issues that we need to think about in establishing a monitoring program. Or indeed any program to estimate something about an ecological population or community. The first is geographic variation. That's the idea that frequently in management we're going to be interested in areas that are fairly large they're at least so large that we can't go and actually count things or observe things over the entire area itself. Over the entire area of interest. So here is a case where we have to rely on statistics, and what we need to do is select places where we do go and count things and observe and measure and look in such a way that we can draw inferences about or say something about the places where we don't look. So we need to think about spatial variation and sample our larger system in a way that permits inference about that entire system. The next ‑‑ the other key sampling issue, if you will, is this notion of detective bill tea. It's ‑‑ detectability. It's frequently talked about with respect to animal populations but it can be an important issue in plants as well. It's the ideas when we do go and measure or count something about animals, frequently what we ‑‑ almost always we're going to recognize that we don't ‑‑ or aren't able to count, trap, hear, whatever, all the animals when we do go and do our sampling. In other words, no matter what our sampling approach is we're going to miss things, so this notion of detectability comes in. We need to say something about what fraction is appearing in our samples so we can draw inference about the whole. There's ‑‑ there are books full of methods basically which talk about or deal with this issue of estimating detection probability that allow us to draw these inferences. Three quick examples here... in the first slide there's an alligator nest as seen from the air. Here's a case where if we're interested in counting alligator nests, we have two observers in airplane, keep track of one nest seen by one observer, both observers, and then information allows us to calculate the number or probability ‑‑ the number of nests or the probability that a particular nest, say, is missed by both observers. Sometimes we actually mark animals, as in this slide with the meadow. We go back and trap them over time. Some occasions we catch the animal. Some we don't. That allows us to estimate a detection probability. The final slide shows tigers, where luckily we don't have to catch the animals but we use camera traps to actually identify individuals because of their stripe patterns, and once again this pat usual of detection and non‑detection through time is what then allows us to say something about detection probability and what fraction of tigers that are out there we're missing. So to wrap this up about monitoring here, in terms of the summary, monitoring data have multiple uses in the Adaptive Management process. They're important for several parts of the process. The monitoring program should be developed specifically with those uses in mind. In other words, monitoring is not just some omnibus program to go out and count things for the purpose of counting, but we have to keep in mind the specific uses to which the monitoring data are going to be put in the Adaptive Management process. Then finally, when we do go and design a program, then, we're going to tailor it to management uses but with attention to these key sampling issues, one of geographic variation and the other detectability. I think that's all I had to say about monitoring. 

But we have a clip here from ‑‑ by Geta Bodner with the Nature Conservancy discusses a couple key issues that end up being relevant to monitoring programs.

>> There have been a few different challenges in monitoring. One of the big challenges is that I think everybody always wants to know everything, and so the temptation is to go out and try to measure everything. The fact that the management plan has such clear objectives has made that easier to sort of narrow down and decide we're only going to be measuring these specific things, and we'll leave the rest of it to discover some other time. So that's been a challenge. It is also a challenge getting the resources to do annual monitoring and to get those resources mobilized in time every year consistently so that you can get consistent information from year to year. We've had a lot of support for that. BLM has been really good. We've had a lot of really good volunteers. But the question remains how that's going to work long term. We have been successful at it for the last four years of getting, for example, the upland monitoring done the same time every year, but it is ‑‑ it is a challenge into the future making that sort of work consistent.

>> B. Frost: 

Thanks, Jim, for that discussion on monitoring.
