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Unlike the classic fishery problem of estimating MSY, data-poor fishery analysis must be 
content simply to estimate a yield that is likely to be sustainable. While absurdly low yield estimates 
would have this property, they are of little practical use. Here, the problem is to identify a moderately 
high yield that is sustainable, while having a low chance that the estimated yield level greatly exceeds 
MSY and therefore is a dangerous overestimate that could inadvertently cause overfishing and 
potentially lead to resource depletion before the error can be detected in the course of fishery monitoring 
and management. 
Perhaps the most direct evidence for a sustainable yield would be a prolonged period over which that 
yield has been taken without indication of a reduction in resource abundance. 

The estimate of sustainable yield would be nothing more than the long-term average annual 
catch over that period. However, it is rare that a resource is exploited without some change in 
underlying abundance. If the resource declines in abundance (which is necessarily the case for 
newly-developed fisheries), a portion of the associated catch stream is derived from that one-time 
decline, and does not represent potential future yield supported by sustainable production. If that non-
sustainable portion is mistakenly included in the averaging procedure, the average will tend to 
overestimate the sustainable yield. This error has been frequently made in fishery management. Based 
on these concepts, we present a simple method for estimating sustainable catch levels when the data 
available are little more than a time series of catches. The method needs extensive testing, both on 
simulated data and on cases where reliable assessments exist for comparison. So far, test cases indicate 
that it may be a robust calculation. 
 
The Windfall/Sustainable Yield Ratio 

The old potential yield formula Ypot = 0.5*M* BUNFISHED (Alverson and Pereyra, 1969; Gulland, 
1970) is based on combining two approximations: 1) that BMSY occurs at 0.5*BUNFISHED, and 2) that 
FMSY = M. In this and the following calculations fishing mortality rate (F) and exploitation rate are 
treated as roughly equivalent. 

However, it is possible to take the potential yield rationale one step farther, and calculate the 
ratio of the one-time “windfall” harvest (W) due to reducing the abundance from BUNFISHED to the 
assumed BMSY level. After that reduction in biomass has occurred, a tentatively sustainable annual yield 
Y is given by the potential yield formula. So we have the following simple relationships: 
Y = 0.5*M* BUNFISHED , and 
W = 0.5* BUNFISHED. 

Under the potential yield assumptions, the ratio of one-time windfall yield to sustainable yield is 
the windfall/sustainable yield ratio (or simply the “windfall ratio”) W/Y = 1/M. For example, if M = 0.1, 
the windfall is equal to 10 units of annual sustainable yield. 
 
An Update 
The assumptions underlying the potential yield formula are out-of-date, and merit reconsideration. Most 
stock-recruitment relationships indicate that MSY of fishes occurs somewhat below the level of 0.5* 
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BUNFISHED. We replace the value of 0.5 with a value of 0.4 as a better approximation of common stock-
recruitment relationships. 

The FMSY = M assumption also requires revision, as fishery experience has shown it tends to be 
too high, and should be replaced by a FMSY = c*M assumption (Deriso, 1982; Walters and Martell, 
2004). Walters and Martell suggest that coefficient c is commonly around 0.8, but may be 0.6 or less for 
vulnerable stocks. Figure 1 shows the distribution of c values for West Coast groundfish stocks assessed 
in 2005. The average of c for those West Coast species is 0.62, but there is a substantial density of lower 
values. Because the risk is asymmetrical (ACLs are specifically intended to prevent overfishing), use of 
the average value is risk-prone. Consequently, we have used a value of c=0.5 in the following 
calculations. 
 
The yield that is potentially sustainable under these revised assumptions is 
 
Y = 0.4* BUNFISHED *c*M, 
 
or for c = 0.5, 
 
Y = 0.2* BUNFISHED *M. 
 
The windfall is based on the reduction in abundance from the beginning of the catch time 
series to the end of the series, 
 
W = Bbegin - Bend = DELTA* BUNFISHED , 
 
where DELTA is the fractional reduction in biomass from the beginning to the end of the time series, 
relative to unfished biomass. The analogous case to the potential yield formula is Bbegin = BUNFISHED, 
and Bend = 0.4* BUNFISHED, in which case DELTA = 0.6. In practice, Bbegin is rarely BUNFISHED, and 
DELTA is unlikely to be known explicitly. Although data may be insufficient for use of conventional 
stock assessment methods, an estimate (or range) of DELTA based on expert opinion is sufficient for 
this calculation. The windfall ratio is now 
 
W/Y = DELTA/(0.4*c*M), 
 
or in the case of c=0.5, 
 
W/Y = DELTA/(0.2*M). 
 
For example, in the case of fishing down from BUNFISHED to near BMSY where DELTA=0.6, if c = 0.5, 
W/Y = 3/M. Thus the revised calculation gives a much larger estimate of the windfall ratio. For the 
previous example of M = 0.1, the windfall ratio is now estimated at 30 units of sustainable annual yield. 
 
A Sustainable Yield Calculation 

Assume that in addition to the windfall associated with reduction in stock size, each year 
produces one unit of annual sustainable yield. The cumulative number of annual sustainable yield units 
harvested from the beginning to the end of the time series is n + W/Y, where n is the length of the series. 
In this calculation it should not matter when the reduction in abundance actually occurs in the time 
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series because assumed production is not a function of biomass. Of course, in view of the probable 
domed shape of the true production curve, the temporal pattern of exploitation may influence the 
approximation. 
 
The estimate of annual sustainable yield (Ysust) is 
 
Ysust = sum(C)/(n + W/Y). 
In the special case of no change in biomass, DELTA = 0, W/Y = 0, and Ysust is the historical average 
catch. If abundance increases, DELTA is negative, W/Y is negative, and Ysust will be larger than the 
historical average catch.  
 
Examples 

The widow rockfish fishery began harvesting a nearly unexploited stock in 1981 and for the first 
three years, fishing was nearly unrestricted (Table 1). Reliable estimates of sustainable yield based on 
conventional stock assessments were not available for many years afterward. By the mid-1990s, stock 
assessments were producing estimates of sustainable yield ca. 5000 mtons, with indications that 
abundance had fallen to 20-33% of BUNFISHED. 

Application of depletion-corrected catch averaging indicates good performance of the method 
within a few years of the beginning of the fishery. Two alternative calculations are given in Table 1. The 
first calculation assumes M = 0.15, c = 0.5, and that biomass was near BMSY at the end of the time 
period, so that DELTA = 0.6. The second calculation is closer to the most recent stock assessment (He 
et al., 2007) and assumes M = 0.125, c = 0.5, DELTA = 0.75 (ending biomass in year 2000 is about 25% 
of BUNFISHED). 

Other examples would be worth exploring, especially were they can be compared with “ground 
truth” from a corresponding formal stock assessment. 
 
Low biomasses 

The yields given by these calculations can only be sustained if the biomass is at or above 
BMSY. If the resource has fallen below BMSY, the currently sustainable yield (Ycurrent) is necessarily 
smaller. A possible approximation would be based on the ratio of Bcurrent to BMSY, 
 
Ycurrent = Ysust*(Bcurrent/ BMSY) if Bcurrent< BMSY 
 
Implementation 

This method is most useful for species with low natural mortality rates; stocks with low 
mortality rates tend to pose the most serious difficulties in rebuilding from an overfished condition. As 
natural mortality rate increases (M > 0.2), the windfall ratio becomes relatively small, and the depletion 
correction has little effect on the calculation. 

The relationship between FMSY and M may vary among taxonomic groups of fishes, and among 
geographic regions, and would be a good candidate for meta-analysis. Uncertainty in parameter values 
can be represented by probability distributions. A Monte Carlo sampling system such as WinBUGS can 
easily estimate the output probability distribution resulting from specified distributions of the inputs. 
With minor modifications, this method could also be applied to marine mammal populations. Although 
estimation of sustainable yields is not a central issue for marine mammals nowadays, the method would 
be especially well suited to analysis of historical whaling data, for example. 
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