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Box 1. A cohort’s or year-class’ biomass production can be estimated using the equation:





� = (� EMBED Equation.DSMT4 ���) * (G t-1)


For any time period t, biomass production (�) is estimated as the mean biomass of the cohort (� EMBED Equation.DSMT4 ���) times the mean cohort instantaneous growth rate in weight (G), both over the time period t.  Hence, production is a quantity, and when expressed over time, a rate (i.e., productivity, e.g., kg yr-1).  While the instantaneous growth rate G changes over the life span of a fish, it can be assumed to be relatively constant within a time interval, leading to the exponential equation of growth during one interval of time from t-1 to t:


� EMBED Equation.3 ���





where Wt is mean weight at time t, Wt-1 is mean weight at the previous time interval, G = instantaneous growth rate, and t is time, usually in years.  Growth and production can be estimated annually, monthly, weekly, or daily depending on the choice of time units, but production estimates can be constrained by the difficulty in getting reliable estimates of initial biomass (B0) and estimates of total mortality rate which are used explicitly in the estimation of mean biomass (� EMBED Equation.3 ���).  The equation for estimating mean biomass over time is (Ricker 1975):





� EMBED Equation.3 ���  when Z>G� EMBED Equation.3 ��� when G > Z


where � EMBED Equation.3 ��� is mean biomass during the time interval, t, in years, B0 is the initial biomass at the beginning of the interval,  Z is the instantaneous mortality rate (Z = F + M) and G is as defined above.





Box 2. Numbers in a cohort or year class decline exponentially in nature as described by the equation:


� EMBED Equation.DSMT4 ���


where Nt is number at the current time, N0 is the initial number of members of a cohort, M is the natural mortality rate, and t is time.  Because it is difficult to collect successive unbiased estimates of numbers surviving in a cohort over time, one of the most common ways of estimating natural mortality rate over the life of a cohort is the Hoenig (1983) method:


M = 4.31 *Tmax-1.0


Where Tmax is maximum observed age.  In an addendum to the first published method, Hewett and Hoenig (2005) further suggested using the equation based upon the geometric mean:


M = 2.2214 *Tmax-0.767





to better account for uncertainty in estimations of Tmax.  Solutions to both of these of these equations are sensitive to the problem of whether the observed Tmax is typical of an unfished population (Hewitt and Hoenig 2005), but the observed longevity of 54 years for red snapper (Render 1995) may indeed be close to Tmax.
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