Model Structure

Program Mark provides parameter estimates for 47 data types: Cormack-Jolly-Seber models
(live animal recaptures that are released alive), band (ring) recovery models (dead animal
recoveries), models with both live and dead re-encounters (Burnham's model), known fate models,
nest survival models, closed capture models, band (ring) recovery models where the number of
animals marked is unknown, robust design models for live recaptures, Barker's extension to
Burnham's model, multi-strata live recapture model, Brownie et al.'s model of band or ring
recoveries, Jolly-Seber models
population change, or probability of entry, and probability of occupancy models.

Estimation in Cormack-Jolly-Seber Designs

Live Recaptures. Live recaptures are the basis of the standard Cormack-Jolly-Seber model.
Marked animals are released into the population, often by trapping them from the populations.
Then, marked animals are encountered by catching them alive and re-releasing them. If marked
animals are released into the population on occasion 1, then each succeeding capture occasion is
one encounter occasion. Consider the following scenario:

Animals survive from initial release to the second encounter occasion with probability S(1), and from
second encounter occasion to the third encounter occasion with probability S(2). The recapture
probability at encounter occasion 2 is p(2), and p(3) is the recapture probability at encounter
occasion 3. At least 2 re-encounter occasions are required to estimate the survival rate between the
first release occasion and the first re-encounter occasion, i.e., S(1). The survival rate between the
last two encounter occasions is not estimable because only the product of survival and recapture
probability for this occasion is identifiable.

Generally, the survival rates of the CJS model are labeled as Phi(1), Phi(2), etc., because the
quantity estimated is the probability of remaining available for recapture. Thus, animals that
emigrate from the study area are not available for recapture, so appear to have died in this model.
Thus, Phi(i) = S(i)(1 - E(i)), where E(i) is the probability of emigrating from the study area.

Estimates of population size (N) or births and immigration (B) of the Jolly-Seber model are not
provided in the CJS model of Program MARK. See the section on Jolly-Seber models below for
these models in MARK. Programs that estimate population size for each occasion (where the
quantity is identifiable) are POPAN-5 (Arnason and Schwarz 1995, Schwarz and Arnason 1996) or
JOLLY and JOLLYAGE (Pollock et al. 1990).

The modification of the standard Cormack-Jolly-Seber to allow estimation of different apparent
survival rates for transients (Pradel et al. 1997) can be developed using age-structured PIMs. An
examples using the Lazuli Bunting data is provided in the transients entry.

Estimation in Band/Ring Recovery Designs

Dead Recoveries. With dead recoveries, i.e., band, fish tag, or ring recovery models, animals are
captured from the population, marked, and released back into the population at each occasion.
Later, marked animals are encountered as dead animals, typically from harvest or just found dead






