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	0800 – 0840
	(40) MacKenzie, D. Estimating site occupancy with program MARK.

	0840 – 0920
	(40) DINSMORE, S.; Rotella, J.J.  Estimating nest success with program MARK.

	0920 – 1000
	(40) PLEDGER, S.  Mixture models for estimating the size of a closed population.

	1000 – 1030
	morning tea

	1030 – 1110
	(40) KENDALL, W.L.  Contending with unobservable states: robust design, telemetry, recoveries and resightings.

	1110 – 1140
	(40) WHITE, G.C.  Radio-tracing survival estimates - why program MARK versus Kaplan-Meier or Heisey-Fuller?

	1150 – 1210
	(40) BARKER, R.J.; White, G.C.  The Achilles heel - estimating overdispersion.


MacKENZIE, Darryl XE "MacKENZIE, Darryl" 
Proteus Research & Consulting Ltd., P.O. Box 5193, Dunedin, New Zealand.

Estimating site occupancy with Program MARK

When monitoring species across large spatial scales, or at low-densities, the amount of effort required to accurately estimate species abundances can become prohibitively expensive, particularly if individual animals are difficult to identify. As an alternative, some have suggested that the proportion of sites/area occupied might be used as a low-cost surrogate, using simple presence/absence surveys for the species at a collection of monitoring sites. However, as with abundance estimation, there are issues of imperfect detectability that must be addressed (the nondetection of the species does not equate to species absence), particularly if the observer’s ability to detect the species changes over time or space. In this presentation we shall briefly look at two recently developed occupancy models that have been included in Program MARK that explicitly account for species detectability; a single-season model (Occupancy Estimation) for addressing questions about occupancy patterns; and a multiple-season model (Robust Design Occupancy) that enables estimation of the dynamic processes of local extinction and colonization that drive site occupancy. Both methods require multiple presence/absence surveys to be conducted at a subset of the monitoring sites, at least, within a season in order to estimate the detectability function.

DINSMORE, Stephen J. XE "DINSMORE, Stephen J."  and Jay J. ROTELLA

Department of Wildlife and Fisheries, Mississippi State University, Box 9690, Mississippi State, MS 39762 (SJD); Ecology Department, Montana State University, Bozeman, MT 59717 (JJR).

Estimating nest survival with Program MARK

Estimation of avian nest success has evolved from simple measures of apparent nesting success to more complex tools such as Mayfield constant-nest-survival estimates. These traditional estimates make several strong assumptions (e.g., nest survival is constant in time) and do not allow a thorough exploration of the biological factors influencing nesting success. Models that relax these assumptions are more biologically appealing, and allow the investigator to more thoroughly explore factors influencing nest success. The nest survival model in Program MARK generates estimates of daily nest survival rates and offers the flexibility to model those rates across different groups (sex, age, etc.), with temporal variation including linear or other trends, and as a function of time-specific covariates such as weather or individual covariates specific to each nest being monitored. We will demonstrate the use of the nest survival model in Program MARK using data from the Mountain Plover (Charadrius montanus) and other species we have studied.  We will give a brief overview of the model structure and assumptions and how the input data are coded. We will then summarize techniques to fit models with temporal variation, nest-age effects, the effect of observer visits on subsequent nest survival, and individual covariates specific to each nest. We hope that this overview of nest survival modelling will stimulate researchers to more thoroughly explore factors that are affecting nest success.

PLEDGER, Shirley XE "PLEDGER, Shirley" 
School of Mathematical and Computing Sciences, Victoria University of Wellington, P.O. Box 600, Wellington, New Zealand.

Mixture models for estimating the size of a closed population

Recent developments in closed population capture-recapture models allow for heterogeneity of capture using mixture models. These provide less biased estimates of population size than models assuming homogeneity. We consider how the mixture models work, what they assume, and how they perform in comparison with other methods. A skink data set is used to illustrate how MARK does the analyses.

KENDALL, William L. XE "KENDALL, William L." 
USGS Patuxent Wildlife Research Center, 11510 American Holly Drive, Laurel, MD  20708-4017, USA.

Contending with unobservable states: robust design, telemetry, recoveries and resightings

When conducting a capture-recapture study, animals will in many cases move to an unobservable state, that is where they are not accessible to capture methods. In some cases this phenomenon is simply due to a study area that includes only a subset of the range of the population. In other cases these movements have an ecological interpretation. For example, in studies of some breeding colonies the non-breeders are absent.  When transitions to unobservable states occur, whether temporary or permanent, bias can result in estimators from models that ignore this phenomenon.  Methods exist to account for either permanent or temporary movement to states unobservable by capture data.  Program MARK incorporates most of these methods.  When data are limited to capture/resighting data from the study area, the robust design, where at least two capture periods are conducted while an animal is in a given state, permits estimation with the fewest assumptions. In some cases additional information is available that is not limited to the study area. Telemetry can provide direct information on movement rates in and out of the study area. Recovery or incidental resightings over the possible range of an animal can provide the means for estimating permanent, and with some additional assumptions temporary, emigration from the study area. I will demonstrate how MARK can be used to estimate parameters in the face of unobservable states, focusing on the robust design but including other sources. I will concentrate on the case of one study area and one unobservable state, but will also discuss the case of multiple observable states (e.g., as in metapopulation studies).

WHITE, Gary C. XE "WHITE, Gary C." 
Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, Colorado, 80523 USA.

Radio-tracking Survival Estimates – Why Program MARK versus Kaplan-Meier or Heisey-Fuller? 

Survival estimates from radio-tracking animals have traditionally been estimated with a simple binomial estimator, or with the Kaplan-Meier or Heisey-Fuller estimators. The known fate and nest survival data types available in Program MARK are alternatives that provide noteworthy extensions. The encounter history format to provide input to MARK allows insertion of new animals into the study, censoring of animals in the study, and reinsertion of previously censored animals back into the study. Maximum likelihood estimates of survival for each interval, and for the length of the study, are provided. Temporal, spatial, group, and individual covariates can be used to model survival. Model selection is provided by information-theoretic methods, namely AICc. Corrections for extra-binomial variation can be incorporated into the analysis, allowing use of quasi-likelihood estimation and QAICc for model selection. Standard errors and confidence intervals on parameter estimates are automatically corrected for overdispersion. Graphical capabilities provide convenient visual displays of estimates and residuals from any model. The nest survival data type allows for ragged radio-tracking data, where animals are not monitored closely, so that mortalities occur at poorly estimated times, and not all animals are monitored routinely at the same occasions. Lastly, the capture-recapture models in MARK allow rigorous estimation of the effects of radios on marked animals compared to animals only tagged or banded, but not carrying a radio.

BARKER, Richard J. XE "BARKER, Richard J." , and Gary C. WHITE

Department of Mathematics and Statistics, University of Otago, P.O. Box 56, Dunedin, New Zealand (RJB); Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, Colorado, 80523 USA (GCW).

THE ACHILLES HEEL – ESTIMATING OVERDISPERSION

Likelihood-based methods for fitting models to mark-recapture data in program MARK assume that the data can be adequately modeled using a multinomial distribution.  Starting with a general multinomial model, biological assumptions about survival and capture processes are used to impose structure on the model. Overdispersion of the data arises when there is greater variability in the data than can be otherwise explained by the combination of model structure and the assumption of multinomial distributed data.  This can arise from a lack of independence in the data or parameter heterogeneity among individual animals.  Consequences of overdispersion include sampling variances that are underestimated and bias in model selection favoring overly complicated models.  These effects can be accounted for by program MARK provide a reliable estimate of the extent of overdispersion is available.  We discuss how evidence of overdispersion can be found using program MARK and current limitations to these methods.


