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Examples of Specific, Measurable, Monitoring Objectives
“Your results will be as coherent and comprehensible as your initial conception of the problem”. - Roger H. Green, Sampling Design and Statistical Methods for Environmental Biologists

One of the most critical steps in designing a monitoring program or protocol is to clearly define the goals and objectives of the monitoring effort and to develop a consensus among key stakeholders before much time is invested in the details of the monitoring design. The development of a good set of monitoring objectives is especially important for monitoring protocols, which are detailed study plans that describe how data are to be collected, managed, analyzed, and reported. The set of monitoring objectives for a protocol should specify what the protocol will do, and the objectives should meet the test of being realistic, specific, and measurable. This document provides guidance and examples for developing a good set of monitoring objectives for use in monitoring plans and sampling protocols.

I. Goals of Vital Signs Monitoring

A goal is a concise, general statement of the overall purpose of a program. The 32 I&M networks in the National Park Service address the following five Goals of Vital Signs Monitoring as they plan, design, and implement integrated natural resource monitoring:

· Determine the status and trends in selected indicators of the condition of park ecosystems to allow managers to make better-informed decisions and to work more effectively with other agencies and individuals for the benefit of park resources.

· Provide early warning of abnormal conditions of selected resources to help develop effective mitigation measures and reduce costs of management.

· Provide data to better understand the dynamic nature and condition of park ecosystems and to provide reference points for comparisons with other, altered environments.

· Provide data to meet certain legal and Congressional mandates related to natural resource protection and visitor enjoyment.

· Provide a means of measuring progress towards performance goals.

II. Differences between Management Objectives, Sampling Objectives, and Monitoring Objectives

An objective is a more specific statement that provides additional focus about the purpose or desired outcome of the program. Three types of objectives that are commonly presented in the ecological monitoring literature are Management Objectives, Sampling Objectives, and Monitoring Objectives. For purposes of vital signs monitoring plans and monitoring protocols, we are primarily concerned with Monitoring Objectives.
A. Management Objectives provide focus about the desired state or condition of the resource, and provide a measure of management success. As described by Elzinga et al. (1998:46), management objectives can usually be classified as one of two types:

(1) target/threshold objectives (e.g., increase the population size of Species A to 5000 individuals; maintain a population of a rare plant Species B at 2500 individuals or greater; keep Site C free of invasive weeds X and Y); or 
(2) change/trend objectives (e.g., increase mean density of Species A by 20%; decrease frequency of invasive weed X by 30% at Site C).

B. Sampling Objectives are usually written as companion objectives to management or monitoring objectives. Sampling (or statistical) objectives specify information such as target levels of precision, power, acceptable Type I and II error rates, and magnitude of change you are hoping to detect. An example of a sampling objective is as follows:
· We want to be 90% certain of detecting a 40% change in bird density and we are willing to accept a 10% chance of saying a change took place when it really didn’t.

C. Monitoring Objectives provide additional detail about what the monitoring program or sampling protocol will do. In the introductory chapters of the monitoring plan, monitoring objectives should be written as more general statements to provide some additional focus to the program beyond the five monitoring goals. For purposes of a sampling protocol, however, we are looking for a set of objectives that meet the test of being realistic, specific, and measurable. After reading only a brief justification statement and the set of monitoring objectives, the reader should be able to anticipate what the resulting data set will look like, and should have a good sense of what measures will be included or not included. The monitoring objectives should explain ‘what the protocol will do’, and will often put boundaries or limits on what will be included in the monitoring by specifying particular study areas, species, or measures. The monitoring objectives should not “promise” something that the protocol cannot deliver, such as suggesting that the protocol will determine a cause-effect type relationship. The objectives should not include management objectives, or analyses and assessments that might be addressed by analyzing the data in conjunction with other data sets (e.g., avoid using words such as “Assess” and “Manage” in monitoring objectives).
The following checklist of questions should be applied to the set of monitoring objectives to see if they meet the test:

Are each of the objectives measureable, and is the set of objectives achievable?

Does the set of objectives give the reader a good sense of what the resulting data set will include?
When the data collected by the protocol are analyzed after several years, will the data set be able to deliver on what is “promised” by the monitoring objectives?

Do any of the objectives state that the protocol will demonstrate a cause-effect type relationship (which rarely can be “proven” by monitoring; requires a more expensive research design to demonstrate cause-effect in most cases)?
Table 1 below provides examples of specific, measurable monitoring objectives for sampling protocols. If only one or two species or locations is to be monitored, the objective statement should include the names of those species or locations to make it “specific”; however, if numerous species or locations will be monitored, it is acceptable to use terms such as “for selected species” or “in selected sites” in order to make it easier to read and understand the objective statement. The protocol document itself, however, should include a list or table specifying all of the species or locations to be sampled.
Table 1. Examples of monitoring objectives that are realistic, specific, and measurable.
	Vital Sign or Protocol
	Measurable Objectives

	Weather/climate
	1. Determine variability and long-term trends in climate for all PACN parks through monthly and annual summaries of descriptive statistics for selected weather parameters, including air temperature, precipitation, cloud cover, and wind speed and direction.

	Erosion and deposition
	1. Determine long-term trends in soil erosion rates and soil quality (e.g., organic matter, pH, infiltration, bulk density, aggregate stability, root exposure, soil crusts, etc.) at randomly selected sites in WAPA, AMME, and ALKA.

2. Determine seasonal and long-term trends in water column turbidity at selected marine and freshwater sites.

3. Determine seasonal and long-term trends in sedimentation rates at selected marine and freshwater sites.

	Groundwater dynamics
	1. Determine long-term trends in groundwater withdrawal and saltwater intrusion through measurement of groundwater levels, discharge rates , and salinity at selected sites.

	Water quality
	1. Determine long-term trends in water temperature, pH, conductivity, dissolved oxygen, flow/stage/level, PAR, total nitrogen, total phosphorus, and chlorophyll a in selected freshwater and marine sites in PACN parks.

	Non-native invasive terrestrial plants-early warning
	1. Develop and maintain a list of target species that do not currently occur in the parks, occur in localized areas of parks, or are extremely rare, but that would cause major ecological or economic problems if they were to become established. 
2. Develop and maintain a predictive “risk of occurrence” search model for target species based on life history attributes, dispersal modes, invasion corridors, vectors of spread, invasibility of areas and known locations. 
3. Detect incipient populations (i.e. small or localized) and new introductions of selected non-native plants before they become established in areas of  high and moderate management significance in a rotating panel design searching 1/3 of the park each year.

	Terrestrial plant species and communities
	1. Determine long-term trends in species composition and community structure (e.g., cover, density by height class of woody species) of selected focal plant communities.

2. Determine long-term trends in the distribution and abundance of plant species of special management interest in selected areas of PACN parks.
3. Determine annual variation in recruitment and mortality for selected populations of long-lived perennial plant species of special management interest.

	Marine fish
	1. Determine long-term trends in the abundance of key reef slope fish species at selected sites along an isobath of 10-20 m depth.

2. Determine long-term trends in abundance and size of targeted coral reef fish species (e.g., species that are harvested) from selected sites within and outside of marine protected areas.

	Benthic Macroinvertebrates
	1. Determine trends in species composition, distribution, and abundance of benthic macrofauna assemblages in systems where tidal influence is being restored (Hatches Harbor, East Harbor) versus trends in systems with unaltered tidal hydrology.

	Amphibians
	1. Determine trends in proportion of area occupied for viable amphibian populations within wetland and upland habitats of NCRN parks

2. Determine long-term changes in amphibian species richness among all NCRN parks

	Raptors
	1. Determine annual nesting success of breeding raptors at Pinnacles NM as measured by territories occupied, number of chick produced and number of chicks fledged.

	Benthic marine community
	1. Determine long-term trends in percent cover of sessile marine benthic invertebrates (e.g., coral, sponges) and algal assemblages (including large fleshy, articulated and crustose coralline, and turf algae) at selected sites along an isobath between 10 and 20 meters depth.

2. Determine trends in benthic rugosity at randomly selected, fixed (permanent) stations that have been stratified by reef zone (e.g., reef flat, reef slope).

3. Determine trends in recruitment rate to uniform artificial surfaces of hard corals (as an assemblage) at selected sites on the fore reef along an isobath between 10 and 20 meters depth.

4. Determine trends in rate of growth and survival of randomly selected coral colonies of a common, trans-Pacific species (e.g., Pocillopora damicornis, P. verrucosa) growing at similar depth.

5. Determine long-term trends in the incidence and severity of coral and algal disease and bleaching.

	Forest passerine birds
	1. Determine long-term trends in species composition and abundance of native and non-native forest passerine species in selected areas of PACN parks.

2. Improve our understanding of breeding bird – habitat relationships and the effects of management actions such as alien plant and animal control on bird populations by correlating changes in forest bird species composition and abundance with changes in specific habitat variables.

	Landscape Dynamics
	1. Determine status and trends in the areal extent and configuration of land-cover types on park lands.

2. Determine status and trends in the areal extent and configuration of land-cover types on lands adjacent to parks.

3. Determine long-term changes in fire frequency and extent.

4. Determine long-term changes in frequency and extent of insect and disease outbreaks.

	Peregrine Falcons
	1. Determine annual status and trends in territory occupancy of Peregrine Falcons.
2. Determine annual status and trends in nest success of Peregrine Falcons.
3. Determine annual status and trends in productivity of Peregrine Falcons.

	Ozark Hellbender
	1. Determine long-term changes in the distribution of hellbenders in Ozark NSR.

2. Determine long-term trends in the number of hellbenders in selected study areas in OZAR.

3. In selected study areas in OZAR, determine long-term trends in the sex and age structure and rates of reproduction and survival of hellbenders.
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