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	LUNNEY, D.H.; Matthews, A.L.; Eby, P.L.; Parnaby, H.E.; Corben, C.J.  Use of indices to monitor bat populations in a logged forest.
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Indexing Principles, and a Widely Applicable Paradigm for Indexing Animal Populations

Monitoring animal populations is essential to many research and management objectives. Ideally, the actual number of animals in the area of interest would be known. Since that is very rarely the case, the investigator can either apply a procedure for estimating the density of animals, or apply an index that is reflective of the population. Indexing procedures are used to examine for changes in populations and they obtain greatest utility if they are practical to apply, sensitive to changes in the population, allow for precision in index values, have an inherent variance formula, and rely on as few assumptions as possible. Three components (sampling design, the measurements and analytical methods) determine the utility and quantitative validity of an index. A procedural paradigm is presented that promotes the characteristics that make indices most useful, and into which a wide variety of observation methods for many animal species can fit. Observations are made at stations located throughout the area of interest, and efficiency can sometimes be improved by placing stations to take advantage of animal behavior. Observations are made at each station on multiple occasions for each indexing session. Collection of geographic location data for each station also is encouraged for possible spatial analyses of activity. No assumptions of independence are made among stations, or among observation occasions. Measurements made at each station should be continuous or unboundedly discrete to maximize sensitivity of the index to population levels. The formula for a general index (GI) to describe population levels is presented and its variance formula is derived. Issues relevant to the application of this methodology, and indices in general, are discussed.

WITMER, Gary W. XE "WITMER, Gary W." 
USDA National Wildlife Research Center, 4101 LaPorte Avenue, Fort Collins, Colorado 80521-2154 United States of America.

Population monitoring 101: Lessons from reality

The accurate estimation of wildlife population density is difficult and requires considerable investment of resources and time. Population indices are easier to obtain but are influenced by many unknowns and the relationship to the actual population density is usually unclear.  I will not address the statistical and precision challenges of these approaches. Wildlife biologists, whether in the public or private sector, often find themselves in difficult situations where the contractor wants good information, quickly, at low cost, and without clear objectives. In many situations, in addition to establishing clear objectives, a budget and timeframe, the biologist must understand and deal with the reality of many logistical concerns that will make the achievement of the objectives difficult or impossible. The situation is often complicated because the biology and ecology of the species of interest may be poorly understood in the specific setting and the species may be very rare or strongly influenced by current or past human activities. Methods to monitor the population may need to be tested and evaluated, extending the time and resources needed to complete the assigned task. Additionally, the contractor may want several species monitored, with each requiring different approaches and logistics. In this presentation, a request to monitor hutia, a native rodent of Cuba, along with several introduced, invasive mammalian species is used to exemplify the challenges faced by wildlife biologists requested to provide accurate, timely information on wildlife populations.
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Correcting Counts: Techniques to De-Index

One of the most pervasive uses of indices of wildlife populations is uncorrected counts of animals. Two examples are the minimum number known alive from capture and release studies, and aerial surveys where the detection probability is not estimated from a sightability model, marked animals, or distance sampling. Both the mark-recapture and distance sampling estimators are techniques to estimate the probability of detection of an individual animal, which is then used to correct a count of animals.  However, often the numbers of animals in a survey are inadequate to compute an estimate of the detection probability, and hence correct the count. Modern methods allow sophisticated modeling to estimate the detection probability, including incorporating covariates to provide additional information about the detection probability. Examples from both distance and mark-recapture sampling will be presented to demonstrate the approach.
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Developing  Relative Abundance Techniques (RATs) for monitoring rodent populations

Accurate density estimates of rodents are frequently difficult or cost-prohibitive to determine. Thus, a number of techniques (track plates, monitoring blocks, chew cards/sticks, apple slice index, trapping) have been used to index rodent populations.  Theoretically, the sensitivity of these indexing techniques could be improved if they applied continuous measurements rather than simple binary measurements (presence/absence). Development of a relative abundance technique (RAT) that is simple to apply and sensitive to changes in population density is critical for the operational management of rodent pests.  In addition to providing a quantitative measure of abundance with statistical parameters, an indexing technique that does not require handling of animals is important in consideration of potential disease issues (for example, hantavirus, arenavirus, etc.) associated with many rodent pests.  We investigated track plates, chew cards and monitoring blocks and associated continuous measurement methods for calculating indices of rodent abundance.  In laboratory and field settings, we tested their effectiveness in detecting different population densities of California meadow voles (Microtus californicus) and roof rats (Rattus rattus).
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Estimating wildlife detection probabilities – insights from a field study on the brushtail possum

The numerical relationship between an index of wildlife abundance and the actual density of individuals depends critically on detectability – the probability of sampling an individual that is present. We undertook a study to characterise the detectability of brushtail possums (Trichosurus vulpecula) in a New Zealand beech forest for a number of detection devices, including leghold traps, cyanide poison, and non-toxic baits. Radio-telemetry was used to define the home range patterns of approximately 20 possums, and a combination of scanning radio-receivers and video cameras were used to record instances when radio-collared possums encountered and interacted with the various sampling devices. These data were then used describe the probability of detection as a function of home range utilisation. The results from this study provide an empirical basis for modelling the sensitivity of population indices to changes in population density.
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Evaluating the sensitivity of population indices to changes in population density using spatially explicit modelling

Monitoring of brushtail possum (Trichosurus vulpecula) populations in New Zealand are typically undertaken using leg hold traps with the percentage of trap nights catching possums used as an index of abundance. This index is used extensively to monitor the performance of possum control operations for the purposes of tuberculosis management. However, the effectiveness of this index has been questioned, especially at the very low population densities now being achieved by control operations. For example, at low density the precision of the index can be low due to the highly skewed distribution of the catch % per trap line. This makes calculation of conventional confidence limits problematic. In addition, the sensitivity of the index to density changes when population density is low has been questioned, as possums are believed to change their behaviour following control, leading to changes in detectability. We investigated the sensitivity of the trap catch index for possums to changes in population density and to changes in detectability caused by potential behavioural effects (i.e., changes in trappability or movements) using a spatially explicit model to simulate removal or mark-recapture trapping. Captures of animals occur in continuous time according to competing Poisson processes so that trap competition effects are handled naturally.  Parameters in the model relating to trappability and home range size of possums and the potential changes in these parameters following possum control are the subject of current field studies.
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Counts and Indices of Feral Goats in Hilly Terrain: a Comparison of Techniques

A four-year study of feral goats conducted in the Central Tablelands of New South Wales, Australia required estimates of abundance for disease modelling. Four estimators of abundance are compared here. A proportion of the feral goat population was individually marked and ground observations were undertaken to obtain mark-resight estimates of abundance, and minimum number alive (MNA) and sight per unit effort indices. These indices were used in index-removal-index estimates of population abundance and, along with mark resight estimates, were compared against aerial counts. Preliminary analysis indicates that mark-resight estimates gave acceptable approximations of aerial counts although precision was variable. Further analysis is necessary for ranking and for the selection of the most appropriate methods for different situations.
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The development, utility and current applications of a passive activity index for monitoring wild dogs and other wildlife in Australia

Wild dogs, a descriptor that includes dingoes (Canis lupus dingo), wild domestic dogs (Canis lupus domesticus) and their hybrids, are considered a serious economic pest to livestock in Australia. Research into their ecology and management necessitates the use of indices because wild dogs are generally nocturnal or crepuscular, cryptic and occur in low densities in areas of poor access and rough terrain. Population estimation methods such as mark-recapture are not practical due both to time, expertise and manpower requirements and the response of wild dogs to capture techniques violating the fundamental assumption of equal catchability. Earlier wild dog studies estimated relative abundance from the presence/absence of wild dog spoor attracted to scent or bait stations or crossing footprint/sand plots. However, evaluation of these methods showed greater sensitivity can be achieved by counting individual intrusions across footprint/sand plots, located at kilometre intervals along potential wild dog travel ways.  Subsequent development of a variance estimate for this index allows a reliable index of relative wild dog abundance calculation within two to three days. Applications of the index evaluating the impact of wild dog control programs on target and non-target animals, prey selection and switching, and the study of dingoes on Fraser Island are discussed highlighting strengths and weaknesses of the technique.
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Indexing: Another Operational Tool in the Armamentarium for Protecting Sea Turtle Nests from Predators

The beach at Hobe Sound National Wildlife Refuge on Jupiter Island, Florida provides protected nesting habitat for three threatened or endangered species of sea turtles. Historically, raccoons have destroyed up to 95% of turtle nests. In recent years raccoons and armadillos, an invasive species, have been controlled on the refuge, but still depredated around 50% of the nests. A one person-month contract with USDA/Wildlife Services reduced the predation to 42%. However, implementation of a tracking plot observation system for indexing predator populations improved the efficacy and efficiency of control, resulting in a reduction in predation to 28%. Two additional years of control optimized with the indexing methodology brought the 2002 predation rate down to 9%. The index provided valuable information on the implementation of routine operational activities, including when to initiate control procedures, where to concentrate efforts, habitats adjacent to the beach most closely associated with predator activity, efficacy of control efforts, beach invasion patterns by predators, and anticipatory information for the next nesting season.
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Indices to monitor fossorial non-social rodents

Indices to monitor fossorial non-social rodents are similar, but generally modified, to indices for other species. The fossorial nature of these rodents can be problematic for observations, but also beneficial as specific burrow openings can be targeted. Further, their non-social attribute means an index need merely demonstrate activity, rather than predict numbers. However, territorial boundaries can be difficult to define and determining whether activity indicators are caused by an individual or by multiple animals is often difficult. Explorative behavior by neighbors can suggest activity within territories abandoned by a disposed occupant. Indices for monitoring two fossorial non-social species, mountain beaver (Aplodontia rufa) and pocket gopher (Thomomys spp.), are described along with associated problems and extent of effort. Trap and release, combined with radio telemetry is the most accurate approach, but also the most time consuming and costly. Monitoring open-hole activity or counting mounds for pocket gopher, and knock downs or food removal for mountain beaver can provide reliable indicators of activity. Seasonal activity patterns, however, may impact results. Other methods, such as capture - recapture, flourescent tracking powders, and tracking stations, also are described regarding their potential for monitoring pocket gopher and mountain beaver.  
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Determination of Southland, New zealand game bird hunting season opening weekend bag from the abundance of class 5-6 duckling broods in the previous spring

Introduced mallards (Anas platyrhynchos) provide a valuable game bird hunting resource in New Zealand. Mean season bags for mallards in the Southland region have been between 20 and 30 birds/hunter over the past 12 years, with opening weekend bags averaging 9 and 15 birds per hunter. There are approximately 4000 licensed hunters in the region. Season bag limits are set by the Fish and Game Council, one of 12 such statutory bodies established to manage game birds in New Zealand. The regulations are intended to provide for maximum sustainable harvest. Rational, biologically based methods of setting bag limits to meet this goal are required. Since 1990 we have been counting the numbers of nearly fledged (c5-c6) mallard broods on a 48 km route on the Southland plains and comparing this count with the number of mallards shot on the opening weekend. The regression coefficient of 0.73 indicates that there is a predictive relationship. This has allowed the council to liberalise the bag limit and season length when brood counts are high and restrict the conditions when the brood count has been low. The method has gained credibility amongst hunters and makes the setting of this regulation straight forward.
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Use of indices to monitor bat populations in a logged forest

In a series of studies in the early 1980s we investigated the immediate impact of logging on vertebrate populations. We are now repeating the work prior to the second logging cycle in the same forest. The animal group that had in the 1980s largely alluded our ability to estimate the impact of logging was bats. Our radiotracking and banding studies showed that bats could fly many kilometres from their roosts to where they were caught. Thus, our trapping results in logged and unlogged sites were, at best, indicative of habitat selection. We repeated in January 2003 our bat trapping design of 1982-83 and added the new technology of bat call analysis. We used Anabat detectors to record bat passes as an index of bat activity at the sites. We caught 210 bats in logged and unlogged sites and recorded 6500 bats passes in the same locations. Thus, we have two complementary indices to help us understand the distribution and abundance of many bat species. The use of these indices is a primary tool for monitoring and managing bat populations in logged forests.


