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	1320 – 1340
	GOULD, W.R.; Smallidge, S.T.; Thompson, B.C.  Superpopulation mark-resight estimation of a wintering elk population when the survey area is randomly sampled.

	1340 – 1400
	CUSHMAN, S.A.; Chase, M.; Griffin, C.  Elephants in space and time: Modelling long-term autocorrelation patterns in animal movements.

	1400 – 1420
	WESTBROOKE, I.M.; Powlesland, R.G.; Etheridge, N.G.  Measuring short-term impacts of pest control operations on territorial forest birds using transect counts.

	1420 – 1440
	JEHLE, G.A.; Yackel Adams, A.A.; Savidge, J.A.  Obtaining reliable nest survival estimates: a review of recently developed alternatives to the Mayfield estimator.

	1440 – 1500
	WILSON, Kenneth R., R. L. CRABTREE and Mary A. HARTER.  What does relative abundance really mean? A case study using small mammals.

	1500 – 1520
	HARPER, M.J.; Van der Ree, R.; Mccarthy, M.A.; Fox, J.  Overcoming bias in ground-based surveys of hollow-bearing trees using double sampling.

	1520 – 1550
	Afternoon tea

	1550 – 1610
	FIDLER, F.M.; Burgman, M.A.; Thomason, N.R. Cumming, G.D.; Buttrose, R.W.  The informed regulator rule: how confidence intervals can help wildlife management.

	1610 – 1630
	WINTLE, B.A.; McCarthy, M.A.  Dealing with imperfect detectability in wildlife habitat analyses and monitoring.

	1630 – 1650
	NELSON, J.L.; Choquenot, D.; Ward, S.J.  A sampling protocol using hair-tubes for the detection of a rare forest carnivore: the spot-tailed quoll.

	1650 – 1710
	SOUTHWELL, C.; de la Mare, B.; Borchers, D.; Burt, L.  Detection heterogeneity and estimation of g(0) in aerial survey of antarctic pack-ice seals.
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Superpopulation mark-resight estimation of a wintering elk population when the survey area is randomly sampled

Gaps in knowledge regarding an interstate harvested elk population motivated our demography study of Rocky Mountain elk (Cervus elaphus nelsoni) wintering near the New Mexico-Colorado border. Conventional VHF radio-collars were placed on a total of 105 Rocky Mountain elk. Our objectives were to estimate population size, identify spatial distribution and migration patterns, and percentage of elk migrating from various summer ranges to the study area. Aerial surveys were conducted via helicopter on 4 occasions within each winter over three years. Counts of marked (collared) and unmarked animals were made on randomly selected quadrats (78-120 km2) within the study area. Because all marked animals were not present on the surveyed plots, a random emigration process was introduced by our sampling scheme. Additionally, variable winter snowfall among years caused displacement of animal locations from the original survey area. To account for these difficulties, we adopted a 'superpopulation' approach for estimating population size using mark-resight data. Over a 3-year period, actual detectability of marked animals ranged from 17% to 69%, indicating that several factors influenced detection rates. Population size estimates using a joint hypergeometric estimator were substantially larger than those previously reported. We consider the effects of potential assumption violations and compare our estimates to those determined using a traditional ratio estimator.
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Elephants in Space and Time: Modelling Long-term Autocorrelation Patterns in Animal Movements
We present an approach to analyzing details of autocorrelation patterns in animal movements that provides a picture of seasonal variability in the scale and patterns of movement. We used a combination of moving window Mantel correlograms, surface correlation and cross-correlation analysis to investigate the scales and patterns of autocorrelation in the movements of three herds of elephants in Northern Botswana. Patterns of autocorrelation of elephant movements were long-range, temporally complicated, seasonally variable, and closely linked with the onset of rainfall events. For three herds monitored there was often significant autocorrelation among locations up to lags of 30 days or more. During many seasonal periods there was no indication of decreasing autocorrelation with increasing time between locations. Over the year, herds showed highly variable and complex patterns of autocorrelation, ranging from random use of temporary home ranges, periodic use of focal areas, and directional migration. Even though the patterns of autocorrelation were variable in time and quite complex, there were highly significant correlations among the autocorrelation patterns of the different herds, indicating that they exhibited similar patterns of movement through the year. These major patterns of autocorrelation seem to be related to patterns of rainfall. The strength of correlation in movement patterns of the different herds decreased markedly at the cessation of major rain events. Also, there was a strong cross-correlation between strength of autocorrelation of movement and rainfall, peaking at time lags of between 30 and 40 days. This indicates that autocorrelation of herd movements is likely related to green-up following major rain events.
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Measuring short-term impacts of pest control operations on territorial forest birds using transect counts

The impact on non-target species of poison operations aimed at controlling exotic pests is a major issue in New Zealand. The introduced brushtail possum (Trichosurus vulpecula) is a serious pest throughout New Zealand, affecting forest health and the viability of bird populations, and spreading tuberculosis to agricultural animals. Aerial broadcasting of carrot or cereal baits containing sodium monofluoroacetate (compound 1080) is widely used for possum control. Native birds, including tomtits (Petroica macrocephala), have been found poisoned after aerial possum control operations. In a study aimed to estimate the level of mortality of North Island tomtits during an aerial 1080 possum poisoning operation in Tongariro Forest, New Zealand, we found that counts of territorial males on transects provided a better and more cost-effective method of estimating the short-term impact of the poison operation on tomtits than ring-banding or distance sampling approaches. We will report on this and subsequent studies comparing the impacts of cereal-bait and carrot-bait operations, and consider the applicability of this approach to measuring short-term impacts on other territorial birds.
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Graduate Degree Program in Ecology, Department of Fishery & Wildlife Biology, Colorado State University, Fort Collins, Colorado 80523-1474, USA

Obtaining reliable nest survival estimates: a review of recently developed alternatives to the Mayfield estimator.

Reliable estimates of nest survival are essential for assessing avian conservation management strategies. Avian ecologists have long recognized that apparent nest success (number of successful nests/total number of nests found) may bias nest survival estimates because successful nests have a higher probability of detection than failed nests. The Mayfield method avoids this bias by estimating daily survival rates relative to the number of exposure days and eliminates the need to monitor every nest beginning at initiation. However, the Mayfield method assumes that (1) survival rates are constant throughout the nesting period and (2) failure occurred midway between observations; often these assumptions are not biologically realistic. In recent years, new methods (e.g., Stanley 2000, and Dinsmore et al. 2002) have been developed which obviate Mayfield’s assumptions and add biological reality to nest survival estimates. Stanley’s method allows for calculation of stage-specific daily survival rates even when the transition between nesting stages is unknown. Dinsmore et al.’s method incorporates factors biologically relevant to nest survival (e.g., sex of incubation parent, age of the nest) using Program MARK. Both of these methods allow researchers to evaluate factors influencing nest survival using an information-theoretic approach. We review the assumptions and data requirements of these methods and demonstrate their use with nest data for green-tailed towhees (Pipilo chlorurus) and lark buntings (Calamospiza melancorys) in Colorado, USA. We encourage researchers to use these approaches to gain reliable and meaningful nest survival estimates. 

WILSON, Kenneth R. XE "WILSON, Kenneth R." , R. L. CRABTREE and Mary A. HARTER
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What does relative abundance really mean? A case study using small mammals

Small mammals are often included in ecological monitoring programs. Unfortunately, the time investment and cost of a monitoring program often precludes rigorous abundance estimation (N), consequently indices of relative abundance (C) are often used. For a relative abundance index to be reliable, a key assumption is that C is proportional to N such that C = PN, where P is a proportionality constant that in the case of small mammal trapping is equivalent to the detection probability. But, P is rarely estimated and thus the assumption rarely evaluated. Our objective was to evaluate a small mammal monitoring approach developed in Yellowstone National Park by using a double-sampling approach where estimation of P is incorporated into the monitoring design. Trapping occurred from 1990-1993, and at each site one large grid (200 traps) and three smaller mini-grids (18 traps) were simultaneously trapped for 4-5 occasions using capture-recapture techniques. The large trapping grids were used to estimate P. Average estimates of P for 4 species over the years were for Peromyscus maniculatus avg(P) = 0.3, SE = 0.03, n = 16; for Microtus spp. avg(P) =  0.18, SE = 0.029, n = 10; for Spermophilus armatus avg(P) = 0.22, SE = 0.042, n = 8; and for Clethrionomys gapperi avg(P) = 0.28, SE = 0.046, n = 6).  We discuss how relative abundance measures from mini-grids could be misleading if variability in P isn’t incorporated and how results could vary depending on the number of mini-grids used to estimate C at each site.
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Overcoming Bias in Ground-based Surveys of Hollow-bearing Trees Using double Sampling

Financial and time constraints require environmental managers to trade-off between taking more time or spending more money per measurement to make a few accurate measurements; or using the same total amount of time or money to make several inaccurate measurements. The optimal strategy provides the most precise and least biased estimate for a given budget. Double-sampling theory (Gilbert, R., 1987. Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold Co., New York) addresses this trade-off. We use double-sampling theory to assess hollow abundance, an important ecological resource, in a random sample of 40 Eucalyptus leucoxylon trees. Hollow abundance was assessed by climbing each tree and making a physical inspection of all limbs. This method is assumed to reveal relatively precise estimates in comparison with ground-based surveys. Individuals with varying levels of field experience then undertook ground-based surveys on the same 40 trees. Comparison of the two techniques suggests that experience does not necessarily increase efficiency. Experienced surveyors identified a higher proportion of hollows but took more time. High correlation between climbing and ground surveys suggest ground-surveys, with intermittent climbing to check for bias, are the most efficient method of assessing hollow abundance in this forest type.  Re-arrangement of Gilberts (1987) formula to give the proportion of trees that should be assessed with the accurate method to obtain the most precise estimate yields

(0 = [(1-()2/(2R]0.5 . R is the ratio of costs for the accurate method relative to the inaccurate method and ( the correlation between the two methods.
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Environmental Science Group, School of Botany, University of Melbourne, Melbourne, VIC 3010, Australia (FMF, MAB, RWB); Department of History and Philosophy of Science, University of Melbourne, Melbourne, VIC 3010, Australia (FMF, NRT); School of Psychological Science, La Trobe University, Bundoora, VIC 3086 (GDC).

The Informed Regulator Rule: How confidence intervals can help wildlife management

The Journal of Wildlife Management (JWM) has hosted much discussion about null hypothesis significance testing, statistical power, confidence intervals, and other alternative data analytic methods. It has also led the way in editorial policy on this matter, reminding readers of the importance of statistical power, effect sizes, and confidence intervals.  In 1995 the “Journal News” in JWM reviewed these concepts in detail.  However, later surveys of statistical reporting practices in the JWM show that these recommendations were often not followed (Anderson, Burnham & Thompson, 2000). We have found similarly discouraging results in other journal surveys in several disciplines: lone editorial encouragements are rarely, if ever, sufficient mechanisms for substantial statistical reform. Results from some of these surveys will be discussed in this paper. To facilitate use and interpretation of CIs - and therefore decisions based both on effect size and precision, rather than merely statistical significance – we have developed the Informed Regulator Rule. The Informed Regulator Rule combines the virtues of statistical power, effect size, and confidence intervals and is designed to be intuitively intelligible. It refocuses attention on estimation and precision, and enforces consideration of biological importance, not just statistical significance.  The Informed Regulator Rule may, by providing guidelines to presenting, interpreting, and using confidence intervals to make decisions, make the difference to statistical reporting practices in wildlife management literature that editorial encouragement failed to achieve.
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Dealing with imperfect detectability in wildlife habitat analyses and monitoring
Site occupancy data are commonly used in wildlife habitat analyses, impact assessment, and population monitoring. However, most species are not detected with absolute certainty and false negative observations may arise, potentially resulting in inadequate conservation measures. Our study was motivated by concerns about the magnitude and management consequences of observation error in standard surveys of large forest owls and arboreal marsupials in Australia. Prior to this study, little guidance was available for determining the number of repeat visits required to assert that these species were absent with a given degree of certainty. Using data collected over 8 repeat visits to 50 survey locations in south-eastern Australia, we obtained mean detectability estimates for 2 owl and 4 arboreal marsupial species. Detectability estimates were obtained using a zero-inflated binomial mixture model estimated by maximum likelihood in an Excel spreadsheet (available to anyone who attends my talk). The least detectable species in the study was the powerful owl (Ninox strenua), with an average single visit detection probability of 0.12. The most detectable species was the sugar glider (Petaurus breviceps) with single visit detection probability of 0.45. Based on the mean detection probability of the owl, at least 12 repeat visits would be required to a given location before negative occupancy can be asserted with 95% certainty. When repeat visit data are available, the binomial mixture model can also be used to estimate occupancy rates, adjusted for detection error. The binomial mixture model may be extended to serve as an unbiased estimator of wildlife-habitat model coefficients in the presence of observation error where ordinary logistic regression cannot. Habitat models for each species were developed, based on the binomial mixture model implemented in WinBUGS.
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A sampling protocol using hair-tubes for the detection of a rare forest carnivore: The Spot-tailed Quoll

The Spot-tailed Quoll (Dasyurus maculatus) is the largest free-living marsupial carnivore on mainland Australia (1.5-4kg). It is a cryptic, forest-dependent species widely distributed in eastern Australia. A genetically distinct subspecies occurs in Tasmania. The species has declined in range and abundance since European settlement; now formally classified as threatened it is protected by state and federal legislation throughout its range. Spot-tailed Quolls are mostly solitary and occur at low population densities in large home ranges, which make them a difficult species to detect. Surveys in suitable habitat often fail to detect quolls, however the probability of detecting the species is unknown, making the results difficult to interpret. This study used hair-tubes (a survey technique that is routinely used in fauna surveys to determine the presence of small and medium-sized Australian mammals and is currently considered the most cost-effective method of surveying for the Spot-tailed Quoll), to develop a sampling protocol for the detection of the species. Radio telemetry was used to determine the home range sizes and locations of adult female quolls. Hair–tubes were deployed at different densities within these home ranges to determine the catchment area of a hair-tube, and the probability of detecting a quoll. These detection characteristics were then used to develop a sampling protocol that provides a framework for estimating sampling rates that will allow the presence or absence of quolls within sampling units to be determined with a known degree of certainty.
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Detection heterogeneity and estimation of g(0) in aerial survey of Antarctic pack-ice seals

The critical assumption of line transect sampling (certain detection on the transect-line, often expressed mathematically as g(0) = 1) is likely to be violated in many aerial surveys. One approach to addressing this problem is to have two observers count independently and apply mark-recapture principles to the analysis of line transect data. Unbiased estimation with this approach depends on modelling the effects of all covariates that affect detection probability. We applied a method that accommodates multiple covariates to line transect data collected by independent observers in an aerial survey of seals in the pack-ice off eastern Antarctica to investigate the effects of covariates on detection probability and to estimate g(0). Estimated probability of detection varied between positions in the aircraft, between observers, with observer experience, during flights, with group size, with visibility conditions, and with ice cover. The assumption of certain detection on the transect-line was violated at all levels of these explanatory variables encountered on the survey by magnitudes ranging from 5-15%. The analysis indicates a lack of independence between detections by independent observers at large perpendicular distances from the transect-line. This is likely to have resulted in over-estimation of detection probability for distant groups.


