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A review of the length frequency data available from the NMFS Trip Interview
Program (TIP) database showed that sample sizes were insufficient for a comprehensive
analysis in most cases. In both Puerto Rico and the U.S. Virgin Islands, the numbers of
sampled yellowfin grouper were insufficient for a length-frequency analysis in all cases
(See SEDAR14-DW commercial data report). For mutton snapper, however, a relatively
large number of individuals were measured from both the trap and hook-and-line fishery
of Puerto Rico. All other combinations of gear types and location proved to contain too
few individuals. The following document describes the exploration of these data and
attempts at estimating total mortality (Z) from a newly derived variant of the Beverton-
Holt length-based mortality estimator (Beverton and Holt 1956, 1957).

The Beverton-Holt mortality estimator has received widespread use, especially in
data-limited situations, because the only required information is the von Bertalanffy
growth parameters K and L., the so-called length of first capture (smallest size at which
animals are fully vulnerable to the fishery and to the sampling gear), L., and the mean

length of the animals (L ) above the length L.:

There are six assumptions behind this method.
1) Asymptotic growth with known parameters K and L., which are constant over
time.
2) No individual variability in growth.
3) Constant and continuous recruitment over time.
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4) Mortality rate is constant with age for all ages t > t..

5) Mortality rate is constant over time.

6) Population is in equilibrium (i.e., enough time has passed following any
change in mortality that mean length now reflects the new mortality level).

The method has been criticized, however because the assumption of equilibrium
(6) is very difficult to meet in the real world situations where any change in fishing
pressure disrupts the equilibrium stable age distribution. In the case of increased fishing
pressure, it simply takes time for the larger and older animals to be removed from the
population and the mean length to decrease and reflect the current mortality rate. When
fishing pressure is decreased, equilibrium takes even longer to achieve as only time will
allow the smaller/ younger animals to grow and the mean length to increase and reflect
the current mortality rate (see Table 1 for an example).

Gedamke and Hoenig (2006) developed an extension of the Beverton-Holt length-
based mortality estimator for use in non-equilibrium situations. This method is attractive
because it still only requires minimal data that are commonly available and it does not
require the assumption that catch rate is proportional to abundance. It allows for the
broader application of a mean length analysis approach by removing an equilibrium
assumption that is typically difficult to meet in real world situations. In addition, the
transitional form of the model allows mortality estimates to be made within a few years
of a change rather than having to wait for the mean lengths to stabilize at their new
equilibrium level. In other words, as soon as a decline in mean lengths is detected, this
model can be applied and the trajectory of decline can be used to estimate the new Z and
how mean lengths will change over time.

The method is described in detail in Gedamke and Hoenig (2006) and will only be
described briefly here. Like the Beverton and Holt estimator this extension requires only
a series of mean length above a user defined minimum size and the von Bertalanffy
growth parameters, so it can be applied in many data poor situations. Gedamke and
Hoenig (2006) demonstrated the utility of this approach using both simulated data and an
application to data for goosefish caught in the NEFSC fall groundfish survey.

The mean length in a population can be calculated d years after a single
permanent change in total mortality from Z; to Z, yr™* by the following equation:

ZlZZ(Loo — Lc){zl +K+ (Zz — Zl) exp(—(22 + K)d)}
(Zl + K)(Zz + K)(Zl + (Zz o Zl) eXp(_sz )) .

C-L -

This equation can also be generalized to allow for multiple changes in mortality
rate over time. A maximum likelihood framework is then used to estimate Z;, Z,, and the
year of change (alternatively d) from the observed mean lengths.



Application of Gedamke and Hoenig (2006) approach to Mutton Snapper trap fishery
in Puerto Rico

The first step in the application of this mean-length approach is to determine the
length at which animals become fully vulnerable to the gear, L.. A cumulative plot of all
individuals captured during the time series was constructed for both the trap and hook-
and-line fishery (Figures 1 and 2). The length frequency plot from the trap fishery
(Figure 1; n=1275) exhibits an expected pattern of increased vulnerability until
approximately 300mm (L) and then an expected decline in relative abundance of animals
above this size due to mortality. Although more individuals were measured (n=1994) in
the hook and line fishery (Figure 2), the histogram does not indicate a clear L. with a
distribution that is relatively flat and skewed towards larger animals. This in conjunction
with inconsistencies in the annual length frequency plots (See SEDAR14-DW
commercial data report) resulted in excluding these data from further analysis. As such,
the only suitable data set was from the Puerto Rico trap fishery and the remaining
analysis refers only to these data.

Sampling was conducted throughout the year and lengths were recorded by
interview date. To create the time series, mean lengths were calculated for each of the
326 interview days (Figure 3). To evaluate potential trends in length frequency
composition, data were also aggregated for each month (Figure 4) and each year (Figure
5) of the time series. The aggregation of data over the larger time scales appeared to be
driven by a few (~4 — 5) samples which had unusually high sample numbers and also
large mean lengths (see years 2001 and 2002 in Figure 4, 5).

To avoid potential biases from these few inconsistent data points, the base case
analysis was conducted on means from each interview day. Samples sizes were relatively
low ranging from 1 to 24 individuals and also very infrequent from 1989 to 1999. The
non equilibrium model was constructed with base case parameters of Li,s = 87 cm and K
=0.15. Initially, the model was fit to the data weighted by sample size and a grid search
was conducted over all possible years of change in mortality. The likelihood function
was maximized when the year of change was 1992 and estimated an initial mortality of
0.48 yr'! and a change to 0.64 yr* (Figure 6 and 7). Residuals were also plotted and a
relatively high number of negative residuals were observed at the end of the time series
indicating the influence of a few samples with extremely high recorded mean lengths
(Figure 8).

The analysis was then conducted without weighting by sample sizes to avoid the
influence of those few samples where a relatively large number of measurements were
taken from relatively large fish in one day. The function was maximized when the year
of mortality change was 1988 and Zne = 0.39 yr*and Zuwo = 0.80 yr* (Figures 9 and 10).
Note that a specific year of change in fishing mortality is more clearly indicated in this
case versus the weighted analysis and the pattern to the residuals is also reduced (Figure



11) .

Sensitivity

A sensitivity of estimates to inputs of growth parameters was also conducted. All
combinations of values for K and Linsinity from Table 3 in the Life history report were
used in the estimation process for the un-weighted model. Estimates for Z,,. ranged from
0.29 yr'! t0 0.57 yr* and estimates for Zu, ranged from 0.63 yr to 1.11 yr* (Table 2).
Although variable the magnitude of change for each combination of K and Linfinity Was
robust to changes in parameters and estimates were approximately 100% greater.

Sensitivity of estimates to the selection of the appropriate Lc was also explored.
Final estimates were very robust and never varied more than +/- 0.02 from those
presented.

Potential Biases

e Assumption of Constant recruitment—there has been some indication from other
analysis in our group that abundance may have risen in the recent past. Although
the stock-recruit relationship may not be well-defined the possibility that there has
been some increase in recruitment. This would result in an overestimation of Z as
the introduction of a greater number of smaller animals would result in a
reduction in mean lengths. Generally, the magnitude of trend in recruitment will
reflect the magnitude of bias (i.e. a 10% trend of increase in recruitment will
result in a 10% overestimation of Z.

e Assumption of knife edge selectivity—in the trap fishery it is likely that some of
the largest individuals would not be available to the gear resulting in a dome
shaped selectivity curve. This would result in an underestimation of the “true’
mean length of the population and an overestimate of the ‘true’ Z. More
information is necessary to include this type of selectivity curve into the analysis.
would exclude larger animals, thereby overestimating Z.

e Selectivity in general—based on the available information there have been no
significant changes in the design of trap gear used in Puerto Rico, but an increase
in mesh size was mandated. It is possible that this could result in a shift in the
length at full vulnerability but the selection of Lc used in our analysis should be
high enough for this not to have created a bias. Selectivity information was used
from Mahon and Hunte, 2001.

Conclusions

This type of analysis shows promise for application to the data limited situation
that is present in many of the Caribbean fisheries. Unfortunately, data were too limited in
most cases to apply the model. In the one case where sufficient samples were taken, the
high variability leads to some question as to the validity of the absolute values presented
in this analysis. The pattern of change, however, appears to be reliable with an increase
in fishing mortality occurring sometime around the late 1980’s or early 1990’s.



The consistency of sampling protocol over the time series is critical for the
success of this method and further information on the selectivity of the gear and protocol
for port samplers would be necessary before the estimated total mortality could be given
more credibility. For the future, an increase in the number of measured fish over a wider
range of vessels/operators will lead to more reliable results.
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Table 1. Lag time in years for the mean length of fully vulnerable individuals to
approach equilibrium and provide an estimate of mortality within 10% of the
new level following a change in mortality from Z; to Z,. In this example,
growth parameters for goosefish in the southern management region of the
Northeast United States were used in the calculations (K = 0.1198 yr™, L, =
129.2 cm, L= 30 cm). Note that the natural mortality of goosefish is believed
to be around 0.2 yr™* so the first row and first column do not appear possible for
goosefish. (From Gedamke and Hoenig, 2006).

7,
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.1 - 16 14 12 11 10 9 8 7 7
0.2 23 - 9 9 8 8 7 7 6 6
0.3 26 11 - 6 6 6 6 6 6 5
Z; 04 27 13 7 - 4 5 5 5 5 5
0.5 28 14 8 4 - 3 4 4 4 4
0.6 28 15 9 6 3 - 2 3 4 4
0.7 29 15 10 7 5 2 - 2 3 3
0.8 29 15 10 7 5 4 2 - 2 2
0.9 29 16 10 8 6 4 3 2 - 2
1 29 16 10 8 6 5 4 3 2 -



Table 2. Sensitivity of Z estimates to inputs of K and L... The range of published values
for K and L., were used in the un-weighted estimation procedure for interview
date. Note that although estimates are variable the magnitude of change
(+~100%) remains constant.

Year of Change in

Mortality k L ZoNE Ztwo
1988 0.13 118 0.57 1.11
1987 0.10 118 0.43 0.85
1987 0.15 88 0.39 0.82
1987 0.20 82 0.44 0.93
1987 0.13 80.8 0.29 0.63

1988 0.25 /8 0.50 1.07



Figure 1. Cumulative plot of all individuals in the trap fishery of Puerto Rico (1983—
2006). The estimated length at vulnerability to gear (L) is indicated by the red bar.
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Figure 2. Cumulative plot of all individuals in the Hook and line fishery of Puerto Rico

(1983 — 2006).
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Figure 3. Mean Length calculated for each interview day. Sample numbers for each
interview day have been indicated by both bubble size and number.
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Figure 4. Mean Length calculated by month. Sample numbers for each month have been
indicated by both bubble size and number.
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Figure 5. Mean Length calculated by year. Sample numbers for each year have been
indicated by both bubble size and number. Note that means in 2001 and 2002 are
extremely high due solely to two samples (see Figure 5).
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Figure 6. Results of grid search over all years of change in Z. Likelihood function is

weighted by the sample size from each interview day. The function is maximized
(indicated by the red dashed box) when the year of mortality change is 1992 and Zgne =
0.48 yrtand Zuwo = 0.64 yr'. Note that a year of change of 1993 produces almost

identical results of fishing mortality.
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Figure 7. Observed and predicted mean lengths for weighted fit of interview day. Year
of mortality change is 1992 with Zgne = 0.48 yr* and Zo = 0.64 yr™.
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Figure 8. Residuals of observed and predicted mean lengths for weighted fit by
interview day. Note the high number of negative residuals present at the end of the time

series.
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Figure 9. Results of grid search over all years of change in Z. Likelihood function is not
weighted by the sample size. The function is maximized (indicated by the red dashed
box) when the year of mortality change is 1988 and Zone = 0.39 yrand Zo = 0.80 yr™.
Note that a specific year of change in fishing mortality is more clearly indicated in this
case versus the weighted analysis.
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Figure 10. Observed and predicted mean lengths for non weighted fit by interview day.
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Figure 11. Residuals of observed and predicted mean lengths for non weighted fit by
interview day. Note that although residuals are a little more balanced than in weighted
fit, optimization of function still driven heavily by the relatively high record in 2001.
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Revision of SEDAR14-AW-05 Results
June 29 2007

Revised estimates of mutton snapper total mortality rates from length
observations

By

Todd Gedamke
National Marine Fisheries Service
Southeast Fisheries Science Center
75 Virginia Beach Drive
Miami, FI 33149

This document provides revised estimates of total mortality for mutton snapper
from mean length data in the pot fishery of Puerto Rico. As decided in the SEDAR 14
assessment workshop in St. Thomas, three data points were deemed to be unreliable and a
reanalysis analysis of total mortality rates from mean length observations (SEDAR14-
AW-05) was recommended. These three records (or interview dates from the NMFS Trip
Interview Program) contained an unusually high number of large mutton snapper and
were not consistent with the other observations during the time period. In evaluating
these data points, Daniel Matos (head of port samplers in Puerto Rico) contacted the local
port agent who suggested that, given the number of fish in each sample and the large
sizes, these records probably correspond to hook and line catches from the spawning
aggregations. The port agent was also confident that he would have remembered if that
many large fish had been caught with traps, as it would be a very rare event. As such, the
panel agreed to delete those data points from the data set. A total of 53 fish from three
interview days were removed from the analysis.

The removal of these three interview day records (one in 2001, and two in 2002)
resulted not only in lower mean lengths for the time period but also affected the fit of the
weighted model by removing the corresponding large sample numbers. Accordingly,
estimates of total mortality for the most recent time period were greater than from the
previous analysis. The methodology is identical to that presented in of the original
document except for the removal of these points, and for the final estimates, the model
was allowed to fit the year of change as a continuous variable rather than explored
through a grid search.

To characterize the behavior of the model, results from aggregating data (by year
and month) and from fitting the model without weighting by sample size are still
presented. In the original analysis these model options reduced the influence of those
questionable records in 2001 and 2002 and allowed an evaluation of their impact on final
estimates of total mortality. The results of the revised analysis vary little when data are



aggregated by year or month, however considering that there may be a temporal pattern
to growth (i.e. seasonal) and sampling was not randomly distributed throughout the year,
the analysis on each interview day record should be considered the base case (Figures 6-
11). The weighted model should also be considered the base case for the revised analysis
as it uses all of the available information from the samples and reduces the impact of
outliers (e.g. one record with a single very large fish) on final results. The results from
the unweighted analysis are informative, however, in that individual records are
representative of only a small segment of the overall population and those with the
highest sample numbers will affect final results (see record with 13 fish in 1992, Figure
3, which alters estimated year of change in weighted analysis).

Table 1 summarizes the revised results of the original model which assumes one
change in mortality. An additional change in mortality was also explored by adding two
extra parameters to the model (z¢ree and the second year of change). Although the
objective function was improved slightly, a likelihood ratio test for the additional model
complexity was not significant. The results, however, were consistent with that of the
simpler model and, in the case of the weighted model, suggest that mortality may have
been reduced around 1999 (see Table 2).

All figures that were modified from the original SEDAR14-AW-05 have been
included in this document.



Table 1. Revised estimates of total mortality rates for the pot fishery of Puerto Rico.

Function Estimated First Estimated Second

nﬁguﬁgggg;]_s weighted _by Mortality Rate Mortality Rate Est(;;ng’;]?ngeear
: Sample Size (Zong) Ztwo
Year No 0.457 0.969 1992.78
Year Yes 0.476 0.946 1992.65
Month No 0.434 0.848 1987.96
Month Yes 0.477 0.955 1993.65
Interview Day No 0.392 0.845 1988.52
Interview Day Yes 0.476 0.955 1993.60

Table 2. Results of model that includes two changes in mortality and three different total
mortality rates. Note that model fit was not improved significantly (through a likelihood
ratio test) by the addition of the two new parameters however there is some indication in
the weighted model that total mortality may have been reduced around 1999.

Function Estimated Estimated Estimated Estimated Estimated

Mean wieghted First_ Seconpl Thiro_l Eirst Second
Lengths by Mortality Mortality Mortality

. Year of Year of

computed by: Sar_nple Rate Rate Rate Change Change
Size (ZONE) (ZTWO) (ZTHREE)

Year No 0.47 0.00 0.98 1991.02 1992.20

Year Yes 0.48 1.18 0.73 1993.21 1998.84

Month No 0.48 0.00 0.86 1985.54 1987.11

Month Yes 0.48 1.17 0.75 1993.90 1999.30

Interview Day No 0.39 0.70 0.89 1987.79 1994.50

Interview Day Yes 0.48 1.17 0.76 1993.84 1999.25




Figure 1 (revised). Cumulative plot of all individuals in the trap fishery of Puerto Rico
(1983-2006). The estimated length at vulnerability to gear (L.) is indicated by the red
bar.
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Figure 3 (revised). Mean Length calculated for each interview day. Sample numbers for
each interview day have been indicated by both bubble size and number.
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Figure 4 (revised). Mean Length calculated by month. Sample numbers for each month
have been indicated by both bubble size and number.
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Figure 5 (revised). Mean Length calculated by year. Sample numbers for each year have
been indicated by both bubble size and number. Note that means in 2001 and 2002 are
extremely high due solely to two samples (see Figure 5).
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Figure 6 (revised). Results of grid search over all years of change in Z. Likelihood
function is weighted by the sample size from each interview day. The function is
maximized (indicated by the red dashed box) when the year of mortality change is 1994
and Zone = 0.48 yr'tand Zyo = 0.97 yr*. Note that the objective function is similarly
maximized when the year of change is 1993 which would have a corresponding Zy, of
0.93 yr'. Final results estimated year of change to be 1993.6 (see Figure 7 revised).
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Figure 7 (revised). Observed and predicted mean lengths for weighted fit of interview
day. Year of mortality change is 1993.6 with Zone = 0.48 yr* and Zy,, = 0.96 yrt,
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Figure 8 (revised). Residuals of observed and predicted mean lengths for weighted fit by
interview day.
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Figure 9 (revised). Results of grid search over all years of change in Z. Likelihood
function is not weighted by the sample size. The function is maximized (indicated by the
red dashed box) when the year of mortality change is 1988 and Zgne = 0.39 yr*and Zwo =
0.85 yr*. Note that a specific year of change in fishing mortality is more clearly
indicated in this case versus the weighted analysis.
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Figure 10 (revised). Observed and predicted mean lengths for non weighted fit by
interview day from best model fit of year of mortality change = 1988.5, Zgne = 0.39 yr™
and Zyo = 0.85yr™.
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Figure 11 (revised). Residuals of observed and predicted mean lengths for non weighted
fit by interview day.
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