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Introduction 
 

The distribution of length and age within a given population is critical information 
often used in the assessment of that population.  The Trip Interview Program (TIP), 
developed and facilitated by the National Marine Fisheries Service Southeast Fisheries 
Science Center collects size frequency and age at length data.  Port agents in the 
southeastern United States visit docks and fish houses where they interview the fisherman 
and take length and weight measurements of the catch.  Port agents are either stationed at 
the location where the fish are unloaded and are able to measure each fish as it is landed, 
or if the fish have already been unloaded, the port agents then measure a sample of the 
catch from the storage containers within the fish house.  Whenever possible, a captain or 
crewmember are interviewed to obtain information about the fishing trip, including area 
fished, gear, etc.  Hard part and tissue samples are sometimes obtained from species and 
sent to the lab for age based or genetic analysis.  Commercially sampled gray triggerfish 
length and weight information gathered by the TIP program were analyzed to ascertain 
length frequency and estimated catch at calculated age across various strata.  No genetic 
or hard part samples are available through the TIP program for gray triggerfish (SEFSC 
Website 2005).   
 
Methods 
 

Data for the gray triggerfish species from the Gulf of Mexico demersal fishery 
was extracted from the TIP database.  Database statisticians preliminary removed obvious 
outliers before the data was distributed for analysis (Chih, Personal Communication, 
2005).  A clean set of length and corresponding weight values were obtained through 
cleaning the data and eliminating outliers.  The first step in this process was to remove 
any records located outside of the Gulf of Mexico management area.  Area within the 
data was either defined using the NMFS shrimp codes or the four digit NMFS lat-long 
codes.  In order to discern which areas are located within the management area, records 
with the NMFS shrimp code were retained and those records with the four-digit NMFS 
lat-long code were edited.  NMFS lat-long codes located within the Gulf of Mexico 
management area were converted to their corresponding NMFS shrimp code, while those 
area codes located within the Atlantic or outside of the United States exclusive economic 
zone (EEZ) were removed.  Table 1 shows the different area codes that were found 
within the data and whether they were removed, or the value to which they were 
converted.     
 
Calculation of Weight-Length Relationship 

Once the data was constrained to the Gulf of Mexico management area, the length 
and weight values had to be converted such that they are all in the same units, inches and 
pounds respectively.  Those data where weight equaled zero were removed.  In addition, 
the length units were in both total or fork length, and the weight units were in both whole 
or gutted weight.  Consequently, the following conversion factors from Goodyear and 
Thompson (1993) had to be applied to obtain total length (TL), where length is in inches: 

TL = 1.214FL – 0.754 
FL = 0.621 + 0.824TL 
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Whole weight (WW) was obtained by applying the conversion factor for gray triggerfish 
used by the Fisheries Logbook System (FLS), where once weight is in pounds: 

WW = 1.04GW 
GW = WW/1.04 

Once the length and weight data was in a uniform unit of measurement, the data 
was plotted and a nonlinear regression was used to perform an initial fit of the weight 
length relationship:  

WW = aTLb 
with total length in inches and whole weight in pounds.  Residuals were calculated for 
this initial fit and the frequency distribution of the residuals was calculated.  The upper 
and lower 0.5 percentile of the residuals was removed and a nonlinear regression using 
the weight to length relationship was calculated with the remaining data yielding 
parameters for the relationship. 
 
Length Frequency Analysis 
 An analysis of length frequency across various strata was performed to ascertain 
whether differences in length are present.  Since weight is not needed in this analysis, the 
records where weight equals zero but length is present were included.  Records 
determined as outliers in the above calculations were not used in the length frequency 
analysis.  Length frequency was calculated across the following strata:  year, state, gear, 
region, and shrimp code area, as well as the interactions between year and gear, year and 
region, and year and state.  The mean, 95 and 50 percent confidence intervals, and 
standard deviation were calculated for each stratum and the interactions.  Results are 
displayed in box plots and in the diagrams in Appendix C.   
 
Catch at Calculated Age 
 The length values used in the length frequency analysis were used to back 
calculate estimated age using the von Bertalanffy relationship provided by Ingram (2001) 
for Gulf of Mexico gray triggerfish, combined sexes: 

Lt = 583(1-e(-0.1830(t + 1.5786))) 
The marginal increment analysis performed on the spines used to derive the above von 
Bertalanffy relationship suggested that a spine “annulus is formed from December 
through February and a spawning check or false annulus is formed in August” (Ingram 
2001).   
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Monthly percent frequency of a translucent margin in the first dorsal spine of gray triggerfish 

(Ingram 2001) 
 
Given the range of time during which a ring may be formed, and based on the above 
figure illustrating the percent frequency of fish with annuli each month, it was decided 
that by the middle of February, most fish could be said to have formed an annulus.  With 
this information, the von Bertalanffy growth equation was off set such that fish change 
from one age to another the middle of February.  To accomplish this, the parameter t0 in 
the growth equation had to be changed using the following formula: 

tnew = t0 – marking month 
  12 
where the marking month is equal to the middle of February, or the value 2.5.  The von 
Bertalanffy growth equation that resulted was the following: 

Lt = 583(1-e(-0.1830(t + 1.78693))) 
Age was calculated for each length value using the altered von Bertalanffy equation, and 
the resulting decimal was truncated to yield an integer representing the age of the animal 
(for example 5.768  5 year old).  The percentage of each age group was calculated 
across various strata including year, month, quarter, gear, region, state and NMFS shrimp 
area code.  To perform all calculations, the software JMP IN (Copyright 2004 SAS 
Institute, version 5.1.2) and Microsoft Office (Copyright 2000 Microsoft Corporation) 
were used. 
 
Results and Discussion 
 

In the TIP database for the Gulf of Mexico, gray triggerfish are the fifth most 
frequently sampled species by the number of individuals sampled (Figure 2).  For 
members of the triggerfish family in the TIP database, the majority of the records are 
defined at the species level, the majority of which are gray triggerfish (Table 1).  During 
the analysis, only those records listed specifically as gray triggerfish were used.  The 
specific gear code classification for those gears that captured gray triggerfish in the TIP 
database was designated as either hook and line, traps or other for purposes of analysis 
(Table 6).  The number of gray triggerfish captured using each of these gear designations 
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indicates that hook and line is the prominent means of capturing this species (Figure 3).  
Spatially, the data suggests that the other two gear designations, traps and other, are 
found only in the Eastern Gulf of Mexico; those individuals captured in the Western Gulf 
of Mexico appear to be captured exclusively by hook and line (Figure 4).     
 
Calculation of Weigh Length Relationship and Parameters 

Initial nonlinear regression fit of the weight length relationship for those data 
containing a positive length and weight value greater than zero reveals the outliers within 
the data (Figure 5).  The frequency of the resulting residuals is illustrated in Figure 6.  
The upper and lower 0.5 percentile of the residuals were eliminated resulting in the 
removal of 69 records (or 0.99% of the data) out of 6,954 total records, the remaining 
data after the records where weight equals zero is removed.  Nonlinear regression of the 
resulting data resulted in the calculation of a growth curve (Figure 7) and parameters 
(Table 5).   
 
Length Frequency Analysis 
 Length frequency analysis across the years in the time series reveals only slight 
variations in mean size (Figure 8).  Month and season show slight variation with mean 
size in fall being slightly smaller (Figures 9 through 14).  Regionally, the east appears to 
capture smaller individuals than in the west, with the exception of the early years when 
sample size was smaller (Figures 15 through 17).  Stratified by state, Florida has been 
sampled more frequently than the other states and trends across a particular state could be 
driven by sample size in some cases (Figure 18 through 23).  As illustrated in Figure 4, 
the data suggests that there may be a stratification of gear used to capture gray triggerfish 
by region, where the Eastern Gulf of Mexico catches gray triggerfish with more diverse 
gear than in the Western Gulf where it is predominantly hook and line.  The partition of 
length data by gear reveals that larger individuals tend to be captured by those gear codes 
designated as other (see Table 6), while smaller individuals tend to be captured in traps 
(Figures 24 through 27).  Finally, stratification of the length data by NMFS shrimp code 
reveals specific differences in size by each area, particularly in the eastern half of the 
Gulf (codes 1 through 12, see Figure 1) where there is great variability from one shrimp 
grid to the next (Figure 28).   
 
Catch at Calculated Age 
 Since the catch at calculated age is a function of the length, similar patterns to 
those illustrated in the length frequency analysis will be present.  Across year, month and 
quarter, there is little difference in the catch at calculated age (Figures 29 though 31).  For 
gear, it is apparent that hook and line captures older individuals than traps, while those 
gears classified as other (see Table 6) capture a distribution of ages (Figure 32).  Across 
region there is only little difference in the catch at calculated age (Figure 33), while 
across state there is some variability (Figure 34).  Catch at calculated age across the 
NMFS shrimp codes varies greatly, as was observed when analyzing length frequency 
across this stratum (Figure 35).  

It is important to note that according to a study by Ingram (2001) on gray 
triggerfish stock structure in the Gulf of Mexico, differences in von Bertalanffy growth 
parameters exist from one area to another.  This disparity is hypothesized to be due to 
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differences in estimated mortality rates due to different levels of exploitation as 
calculated in the Ingram study, and other gray triggerfish studies done elsewhere in the 
Gulf of Mexico (Johnson and Saloman 1984; Hood and Johnson 1997).  Such differences 
in growth, mortality and exploitation requires that the catch at calculated age values 
presented in this paper be considered with caution, and perhaps recalculated on a more 
area specific (rather than Gulf-wide) basis using area-specific growth parameters (Ingram 
2001).  
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Appendix A:  Tables 
 
 

Area Code Found New Defined Area Area Code Found New Defined Area
0 removed 2683 4
1 1 2684 4
2 2 2696 21
3 3 2733 removed
4 4 2782 5
5 5 2783 5
6 6 2784 5
7 7 2785 5
8 8 2786 5
9 9 2789 13

10 10 2790 14
11 11 2791 15
12 12 2793 17
13 13 2794 18
14 14 2795 20
15 15 2832 removed
16 16 2883 6
17 17 2884 6
21 21 2885 6
22 22 2888 11
90 removed 2889 13

744 removed 2890 14
748 removed 2891 15

2382 removed 2892 16
2384 removed 2893 17
2389 removed 2894 18
2481 removed 2985 8
2482 2 2986 9
2483 2 2987 10
2582 3 2988 11
2583 3 2989 13
2584 3 2990 14
2586 3 2991 15
2682 4 3086 9

3087 10  
Table 1:  Areas removed or converted to NMFS Gulf of Mexico shrimp codes.   
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YEAR

Total 
Trigger (# 
fish)

Trigger sp. 
(# of fish)

Gray 
Trigger (# of 
fish)

Queen 
Trigger (# of 
fish)

Ocean 
Trigger (# 
of fish)

% spec. 
specific

of sp 
defined 
% gray

of sp 
defined % 
queen 

of sp 
defined % 
ocean

1984 18 0 18 0 0 100% 100% 0% 0%
1985 1 0 1 0 0 100% 100% 0% 0%
1986 4 4 0 0 0 0% 0% 0% 0%
1988 28 28 0 0 0 0% 0% 0% 0%
1989 41 0 6 0 35 100% 15% 0% 85%
1990 474 15 438 9 12 97% 95% 2% 3%
1991 1103 145 946 10 2 87% 99% 1% 0%
1992 1792 86 1633 7 66 95% 96% 0% 4%
1993 1559 141 1381 14 23 91% 97% 1% 2%
1994 2283 146 2104 12 21 94% 98% 1% 1%
1995 1482 10 1452 16 4 99% 99% 1% 0%
1996 1244 5 1227 8 4 100% 99% 1% 0%
1997 1060 8 1022 20 10 99% 97% 2% 1%
1998 1066 181 865 7 13 83% 98% 1% 1%
1999 1451 708 710 14 19 51% 96% 2% 3%
2000 894 455 430 9 0 49% 98% 2% 0%
2001 1050 5 1029 15 1 100% 98% 1% 0%
2002 770 0 761 8 1 100% 99% 1% 0%
2003 605 0 584 21 0 100% 97% 3% 0%

AVG 1989- 88% 91% 1% 8%
AVG 1990- 87% 98% 1% 1%  

Table 2:  Partition of the number and percent of fish in the TIP Gulf of Mexico data labeled as 
belonging to the Triggerfish family, and of those individuals, the number and percentage of fish that 
were further defined on the species level as either gray, queen or ocean triggerfish.   

 
 

Parameter
Preliminary 
Estimate Low High

a 0.002002 0.00111168 0.00289231
b 2.54088256 2.39166131 2.69010381  
Table 3:  Initial parameter estimates for a weight to length relationship fit by nonlinear regression to 
all data containing a length and a weight value greater than zero (n = 6,954 fish). 

 
Quanties Moments

100.00% maximum 25.6141185 Mean -0.0201645
99.50% 2.3219937 Std Dev 1.30456423
97.50% 1.00819022 Std Err Mean 0.01564401
90.00% 0.3749319 upper 95% Mean 0.01050257
75.00% quartile 0.05702121 lower 95% Mean -0.0508315
50.00% median -0.1349932 N 6954
25.00% quartile -0.2829367
10.00% -0.4401335
2.50% -0.7984931
0.50% -1.7516762
0.00% minimum -14.982264  

Table 4:  Distribution of the residuals resulting from calculated length weight relationship prior to 
removal of outliers.  
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Parameter
Final 
Estimate Low High

a 0.00104723 0.00090241 0.00119205
b 2.75709575 2.71072622 2.80346528  
Table 5:  Final parameter estimates for a length weight relationship fit by nonlinear regression to 
data from which residuals in the upper and lower 0.5 percentile were removed (n = 6,885 fish).  

 
TIP Code Gear Description # of Gray Trigger Designated As

0 Unknown 36 Other
215 Otter Trawl Bottom, Shrimp 2 Other
300 Pots and Traps Cmb. 9 Traps
330 Pots and Traps, Crab, Blue 12 Traps
333 Pots and Traps, Crab, Other 22 Traps
345 Pots and Traps, Fish 1310 Traps
600 Troll and Hand Lines, Cmb. 28 Other
610 Lines Hand 643 Hook and Line
611 Rod and Reel 2346 Hook and Line
612 Mannual Reel 4370 Hook and Line
613 Electric or Hydraulic Reel 4155 Hook and Line
616 Electric Rod and Reel 608 Hook and Line
660 Lines, Troll 3 Other
665 Lines, Troll Mackerel 7 Other
675 Lines Long Set with Hooks To 3 Other
676 Lines, Long Bottom, Reef Fish 466 Other
943 Diving Outfits, Other 24 Other  

Table 6:  Gear code classification used for those gears that captured gray triggerfish in the TIP 
database.  For purposes of analysis, each gear code was designated as hook and line, traps or other.   

 
 

 
 
 

 

 
 

 
 
 
 
 
 





YEAR 0 1 2 3 4 5 6 7 8 9 10 11 12 13
1990 0.00% 6.00% 28.87% 23.79% 12.93% 8.55% 4.39% 4.85% 2.54% 1.39% 1.15% 1.85% 0.69% 0.69%
1991 0.12% 9.76% 31.41% 28.35% 13.29% 7.06% 2.35% 1.29% 1.53% 0.12% 0.59% 0.59% 0.94% 0.82%
1992 0.25% 7.70% 36.48% 29.88% 14.54% 6.35% 1.73% 0.74% 0.74% 0.37% 0.12% 0.37% 0.12% 0.25%
1993 0.58% 7.71% 27.80% 31.37% 15.65% 7.21% 2.62% 1.82% 1.09% 0.73% 0.80% 0.36% 0.51% 0.36%
1994 0.58% 12.33% 26.79% 24.03% 16.10% 8.66% 5.13% 1.89% 1.45% 0.92% 0.68% 0.48% 0.05% 0.48%
1995 0.14% 15.50% 33.08% 23.67% 13.49% 6.57% 2.63% 2.15% 0.97% 0.76% 0.28% 0.28% 0.21% 0.00%
1996 0.98% 15.14% 30.20% 26.10% 14.73% 5.81% 2.45% 1.55% 1.06% 0.57% 0.57% 0.16% 0.08% 0.33%
1997 1.58% 15.53% 31.16% 24.04% 14.74% 7.02% 3.26% 1.09% 0.40% 0.49% 0.10% 0.00% 0.20% 0.10%
1998 1.08% 21.70% 37.53% 18.35% 9.35% 4.32% 1.44% 1.32% 0.72% 0.96% 0.24% 0.48% 0.36% 0.48%
1999 0.72% 12.23% 34.39% 24.17% 12.52% 4.89% 1.73% 2.01% 1.01% 1.29% 0.72% 0.58% 0.43% 0.72%
2000 0.24% 10.24% 37.86% 24.76% 11.67% 5.71% 1.19% 1.67% 1.67% 1.19% 0.71% 0.00% 0.00% 0.24%
2001 1.00% 14.69% 34.17% 28.47% 10.49% 4.40% 2.30% 1.50% 0.70% 0.60% 0.20% 0.30% 0.10% 0.50%
2002 0.41% 16.32% 35.53% 23.18% 11.25% 5.49% 1.92% 0.69% 1.23% 0.96% 0.27% 0.27% 0.69% 0.41%
2003 1.38% 13.15% 27.51% 24.91% 14.53% 7.09% 2.60% 1.73% 1.38% 1.04% 0.69% 0.69% 0.87% 0.17%
2004 0.00% 9.29% 32.71% 23.42% 10.41% 9.29% 5.58% 1.86% 2.60% 0.74% 0.74% 0.74% 0.37% 0.74%

YEAR 14 15 16 17 18 19 20 21 22 23 24 27 29 39
1990 0.00% 0.69% 0.00% 0.00% 0.00% 1.15% 0.00% 0.00% 0.00% 0.00% 0.00% 0.46% 0.00% 0.00%
1991 0.00% 0.71% 0.00% 0.00% 0.00% 0.94% 0.00% 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1992 0.06% 0.06% 0.00% 0.00% 0.00% 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% 0.06% 0.00%
1993 0.22% 0.29% 0.15% 0.00% 0.29% 0.00% 0.22% 0.00% 0.00% 0.15% 0.00% 0.00% 0.00% 0.07%
1994 0.15% 0.10% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.05% 0.05% 0.00% 0.00% 0.00% 0.00%
1995 0.00% 0.14% 0.00% 0.00% 0.00% 0.00% 0.07% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1996 0.00% 0.08% 0.08% 0.00% 0.00% 0.00% 0.08% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1997 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00%
1998 0.36% 0.24% 0.48% 0.12% 0.00% 0.12% 0.00% 0.00% 0.00% 0.12% 0.00% 0.12% 0.00% 0.12%
1999 0.29% 0.29% 0.14% 0.43% 0.14% 0.29% 0.00% 0.43% 0.00% 0.43% 0.00% 0.00% 0.00% 0.14%
2000 0.24% 0.48% 0.24% 0.00% 0.48% 0.24% 0.24% 0.24% 0.00% 0.24% 0.00% 0.48% 0.00% 0.00%
2001 0.00% 0.30% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.10% 0.10% 0.00% 0.00% 0.00%
2002 0.14% 0.55% 0.00% 0.00% 0.14% 0.41% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.14%
2003 0.17% 0.17% 0.17% 0.00% 0.69% 0.00% 0.52% 0.00% 0.00% 0.35% 0.00% 0.00% 0.00% 0.17%
2004 0.00% 0.00% 0.00% 0.74% 0.00% 0.37% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.37% 0.00%  

Table 7:  Annual catch at age for gray triggerfish sampled by TIP. 
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Month 0 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.49% 13.39% 33.91% 28.01% 11.55% 4.55% 1.60% 1.84% 0.86% 0.61% 0.25% 0.49% 0.37% 0.37%
2 0.39% 7.64% 31.26% 29.13% 15.47% 8.03% 2.98% 1.49% 1.17% 0.39% 0.45% 0.58% 0.39% 0.39%
3 0.37% 7.75% 26.42% 29.96% 17.64% 8.63% 4.28% 1.85% 0.66% 0.59% 0.22% 0.15% 0.15% 0.37%
4 0.46% 10.60% 30.57% 26.80% 14.13% 6.61% 3.38% 1.77% 1.61% 0.77% 0.84% 0.38% 0.38% 0.38%
5 0.90% 10.17% 30.74% 27.39% 14.83% 7.83% 2.81% 1.44% 1.26% 0.54% 0.30% 0.18% 0.24% 0.36%
6 0.72% 15.50% 27.57% 23.06% 14.77% 5.68% 4.14% 1.53% 1.17% 1.53% 0.90% 0.81% 0.45% 0.81%
7 0.99% 16.89% 37.17% 20.50% 10.96% 4.82% 2.19% 1.10% 1.54% 0.99% 0.66% 0.55% 0.44% 0.22%
8 0.35% 17.85% 36.82% 21.86% 10.19% 6.47% 1.90% 1.19% 0.98% 0.63% 0.21% 0.28% 0.21% 0.28%
9 0.76% 13.27% 36.11% 25.65% 11.49% 6.05% 1.72% 1.44% 0.89% 0.48% 0.55% 0.14% 0.28% 0.28%

10 1.34% 18.28% 32.69% 21.32% 12.04% 4.75% 2.45% 2.08% 1.11% 0.97% 0.45% 0.52% 0.22% 0.30%
11 0.00% 11.42% 29.23% 25.85% 16.06% 6.65% 3.51% 1.88% 1.63% 0.88% 0.88% 0.88% 0.38% 0.13%
12 0.49% 10.58% 29.81% 28.71% 14.60% 7.30% 2.31% 2.19% 0.61% 0.97% 0.12% 0.24% 0.36% 0.73%

Month 14 15 16 17 18 19 20 21 22 23 24 27 29 39
1 0.12% 0.37% 0.00% 0.12% 0.12% 0.49% 0.25% 0.12% 0.00% 0.00% 0.12% 0.00% 0.00% 0.00%
2 0.06% 0.00% 0.00% 0.06% 0.00% 0.06% 0.00% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 0.15% 0.30% 0.07% 0.07% 0.15% 0.07% 0.00% 0.07% 0.00% 0.07% 0.00% 0.00% 0.00% 0.00%
4 0.15% 0.23% 0.23% 0.00% 0.08% 0.23% 0.23% 0.00% 0.00% 0.08% 0.00% 0.00% 0.08% 0.00%
5 0.18% 0.24% 0.12% 0.00% 0.06% 0.06% 0.12% 0.00% 0.00% 0.12% 0.00% 0.06% 0.00% 0.06%
6 0.00% 0.36% 0.00% 0.09% 0.09% 0.45% 0.09% 0.09% 0.09% 0.00% 0.00% 0.09% 0.00% 0.00%
7 0.22% 0.22% 0.00% 0.00% 0.22% 0.11% 0.00% 0.00% 0.00% 0.00% 0.00% 0.11% 0.00% 0.11%
8 0.00% 0.21% 0.07% 0.00% 0.00% 0.14% 0.07% 0.00% 0.00% 0.14% 0.00% 0.07% 0.00% 0.07%
9 0.07% 0.21% 0.07% 0.00% 0.14% 0.14% 0.14% 0.00% 0.00% 0.07% 0.00% 0.00% 0.00% 0.07%

10 0.22% 0.22% 0.15% 0.07% 0.15% 0.22% 0.07% 0.07% 0.00% 0.07% 0.00% 0.15% 0.00% 0.07%
11 0.00% 0.25% 0.00% 0.13% 0.00% 0.00% 0.00% 0.00% 0.00% 0.13% 0.00% 0.00% 0.13% 0.00%
12 0.00% 0.36% 0.00% 0.00% 0.00% 0.12% 0.00% 0.12% 0.00% 0.36% 0.00% 0.00% 0.00% 0.00%  

Table 8:  Catch at age for gray triggerfish sampled by TIP by month. 

 
Quarter 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0.40% 8.94% 30.08% 29.19% 15.40% 7.49% 3.15% 1.70% 0.92% 0.51% 0.32% 0.40% 0.30% 0.38%
2 0.71% 11.75% 29.82% 26.03% 14.59% 6.86% 3.35% 1.57% 1.35% 0.88% 0.64% 0.42% 0.34% 0.49%
3 0.66% 15.86% 36.63% 22.99% 10.87% 5.91% 1.90% 1.27% 1.08% 0.66% 0.45% 0.29% 0.29% 0.26%
4 0.74% 14.30% 30.96% 24.59% 13.83% 5.97% 2.70% 2.06% 1.11% 0.94% 0.47% 0.54% 0.30% 0.37%

Quarter 14 15 16 17 18 19 20 21 22 23 24 27 29 39
1 0.11% 0.19% 0.03% 0.08% 0.08% 0.16% 0.05% 0.08% 0.00% 0.03% 0.03% 0.00% 0.00% 0.00%
2 0.12% 0.27% 0.12% 0.02% 0.07% 0.22% 0.15% 0.02% 0.02% 0.07% 0.00% 0.05% 0.02% 0.02%
3 0.08% 0.21% 0.05% 0.00% 0.11% 0.13% 0.08% 0.00% 0.00% 0.08% 0.00% 0.05% 0.00% 0.08%
4 0.10% 0.27% 0.07% 0.07% 0.07% 0.13% 0.03% 0.07% 0.00% 0.17% 0.00% 0.07% 0.03% 0.03%  

Table 9:  Catch at age for gray triggerfish sampled by TIP by quarter where quarter one is January through March, quarter two April through June, 
quarter three July through September, and quarter four October through December. 
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Gear 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Hook and Line 0.38% 10.94% 31.41% 27.83% 15.06% 7.15% 2.88% 1.56% 0.92% 0.57% 0.32% 0.21% 0.17% 0.20%
Trap 2.78% 29.51% 44.62% 14.68% 4.56% 1.85% 0.71% 0.50% 0.14% 0.07% 0.21% 0.07% 0.00% 0.07%
Other 0.71% 8.19% 11.03% 6.76% 5.34% 5.87% 5.87% 5.87% 8.01% 6.23% 4.63% 5.52% 4.27% 5.16%
Gear 14 15 16 17 18 19 20 21 22 23 24 27 29 39
Hook and Line 0.04% 0.10% 0.03% 0.02% 0.03% 0.06% 0.04% 0.02% 0.01% 0.01% 0.00% 0.02% 0.01% 0.00%
Trap 0.07% 0.00% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.07% 0.00%
Other 1.60% 3.74% 0.89% 0.53% 1.42% 2.85% 1.25% 0.53% 0.00% 1.96% 0.18% 0.71% 0.00% 0.89%  
Table 10:  Catch at age for gray triggerfish sampled by TIP by gear, where each gear designation corresponds to the gear codes explicated by Table 6. 

 
Region 0 1 2 3 4 5 6 7 8 9 10 11 12 13
West 0.12% 6.83% 29.47% 30.59% 17.09% 8.29% 3.47% 1.60% 0.90% 0.52% 0.34% 0.25% 0.16% 0.15%
East 1.10% 17.87% 34.36% 21.47% 10.57% 4.95% 2.14% 1.58% 1.20% 0.87% 0.60% 0.55% 0.44% 0.59%
Region 14 15 16 17 18 19 20 21 22 23 24 27 29 39
West 0.03% 0.06% 0.00% 0.00% 0.00% 0.07% 0.01% 0.01% 0.01% 0.00% 0.00% 0.00% 0.01% 0.00%
East 0.16% 0.39% 0.13% 0.08% 0.16% 0.25% 0.15% 0.07% 0.00% 0.15% 0.01% 0.08% 0.01% 0.07%  
Table 11:  Catch at age for gray triggerfish sampled by TIP by region (assuming the existence of two stocks), where the east represents NMFS Gulf of 
Mexico shrimp codes 1 through 12 and the west represents NMFS Gulf of Mexico shrimp codes 13 through 21. 

 
State 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Alabama 0.00% 12.12% 27.27% 27.27% 15.15% 9.09% 6.06% 0.00% 3.03% 0.00% 0.00% 0.00% 0.00% 0.00%
Florida 1.06% 17.50% 33.66% 21.60% 10.84% 5.21% 2.31% 1.69% 1.29% 0.98% 0.61% 0.56% 0.43% 0.57%
Louisiana 0.08% 6.18% 28.14% 30.89% 17.82% 8.82% 3.70% 1.64% 0.99% 0.52% 0.34% 0.27% 0.21% 0.15%
Mississippi 0.19% 8.87% 42.26% 32.64% 10.00% 3.77% 0.94% 0.57% 0.19% 0.38% 0.19% 0.00% 0.00% 0.00%
Texas 0.33% 9.88% 32.41% 27.86% 16.32% 7.21% 2.66% 1.55% 0.89% 0.22% 0.22% 0.11% 0.00% 0.22%
State 14 15 16 17 18 19 20 21 22 23 24 27 29 39
Alabama 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Florida 0.17% 0.40% 0.13% 0.08% 0.15% 0.24% 0.14% 0.06% 0.00% 0.15% 0.01% 0.08% 0.01% 0.06%
Louisiana 0.02% 0.06% 0.00% 0.00% 0.00% 0.10% 0.02% 0.02% 0.02% 0.00% 0.00% 0.00% 0.02% 0.00%
Mississippi 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Texas 0.11% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  
Table 12:  Catch at age for gray triggerfish sampled by TIP by state.   



Shrimp Area 0 1 2 3 4 5 6 7 8 9 10 11 12
1 6.38% 31.91% 31.91% 10.64% 6.38% 4.26% 6.38% 0.00% 2.13% 0.00% 0.00% 0.00% 0.00%
2 1.20% 3.61% 2.41% 13.25% 8.43% 3.61% 3.61% 10.84% 7.23% 4.82% 3.61% 2.41% 6.02%
3 0.68% 8.11% 18.92% 10.14% 3.38% 3.38% 4.73% 6.08% 6.76% 5.41% 2.70% 4.73% 2.03%
4 2.33% 14.42% 15.35% 9.30% 5.12% 8.84% 5.58% 5.58% 5.12% 3.26% 4.65% 4.19% 3.26%
5 0.21% 7.77% 17.65% 12.39% 10.50% 7.77% 5.67% 5.46% 6.93% 4.20% 3.36% 3.15% 2.10%
6 1.08% 17.76% 40.26% 22.50% 7.55% 4.39% 1.44% 1.37% 0.50% 0.79% 0.50% 0.36% 0.36%
7 2.24% 27.55% 44.35% 15.48% 5.80% 2.24% 0.70% 0.46% 0.39% 0.23% 0.23% 0.08% 0.00%
8 2.30% 16.09% 40.23% 32.18% 6.90% 2.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
9 0.67% 19.46% 33.05% 25.00% 13.59% 4.87% 1.68% 1.01% 0.00% 0.50% 0.00% 0.00% 0.00%

10 0.85% 18.91% 34.51% 24.63% 12.88% 4.94% 1.70% 0.65% 0.41% 0.20% 0.04% 0.08% 0.04%
11 0.00% 5.82% 28.48% 28.64% 19.14% 9.19% 4.13% 2.30% 1.07% 0.61% 0.15% 0.00% 0.31%
12 0.00% 0.00% 21.05% 52.63% 21.05% 5.26% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
13 0.00% 4.61% 31.03% 29.35% 14.88% 10.69% 4.82% 2.31% 0.21% 0.21% 0.63% 0.21% 0.00%
14 0.05% 5.24% 29.29% 30.75% 18.35% 9.62% 3.25% 1.37% 0.80% 0.33% 0.28% 0.24% 0.14%
15 0.07% 6.80% 27.63% 30.84% 17.63% 7.17% 4.48% 1.72% 1.19% 0.75% 0.75% 0.30% 0.22%
16 0.00% 4.62% 26.59% 33.96% 17.20% 8.67% 4.05% 2.31% 1.01% 0.72% 0.00% 0.29% 0.14%
17 0.20% 9.79% 28.76% 30.68% 16.55% 7.16% 2.93% 1.31% 0.91% 0.81% 0.20% 0.40% 0.10%
18 0.42% 7.98% 38.24% 30.25% 11.76% 5.88% 0.84% 0.84% 1.68% 0.84% 0.00% 0.00% 1.26%
20 0.00% 7.14% 28.57% 35.71% 21.43% 7.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
21 0.38% 10.17% 34.05% 28.59% 15.12% 6.48% 2.41% 1.14% 0.76% 0.25% 0.13% 0.13% 0.00%
22 0.00% 8.33% 21.30% 22.22% 25.00% 12.04% 4.63% 4.63% 0.93% 0.00% 0.93% 0.00% 0.00%

Shrimp Area 14 15 16 17 18 19 20 21 22 23 24 27 29
1 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2 2.41% 2.41% 1.20% 0.00% 4.82% 1.20% 2.41% 0.00% 0.00% 3.61% 0.00% 1.20% 1.20%
3 2.70% 2.03% 2.03% 0.00% 1.35% 2.70% 2.03% 0.68% 0.00% 1.35% 0.00% 1.35% 0.00%
4 0.93% 2.79% 0.47% 0.47% 0.00% 1.40% 0.93% 0.47% 0.00% 0.47% 0.00% 0.47% 0.00%
5 0.42% 2.94% 0.63% 0.63% 0.84% 1.26% 0.84% 0.42% 0.00% 1.05% 0.21% 0.21% 0.00%
6 0.07% 0.22% 0.00% 0.14% 0.07% 0.36% 0.00% 0.07% 0.00% 0.00% 0.00% 0.07% 0.00%
7 0.00% 0.00% 0.08% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
8 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
9 0.00% 0.00% 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

10 0.00% 0.04% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
11 0.15% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
12 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
13 0.00% 0.42% 0.00% 0.00% 0.00% 0.21% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.21%
14 0.05% 0.05% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
15 0.00% 0.07% 0.00% 0.00% 0.00% 0.07% 0.00% 0.00% 0.07% 0.00% 0.00% 0.00% 0.00%
16 0.00% 0.00% 0.00% 0.00% 0.00% 0.14% 0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
17 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00%
18 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
20 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
21 0.13% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
22 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  

Table 13:  Catch at age for gray triggerfish sampled by TIP by area, where the area corresponds to the NMFS shrimp code in the Gulf of Mexico (see 
Figure 1).           



Appendix B:  Graphs and Charts 
 
 
 

 
Figure 1:  NMFS statistical shrimp fishing areas for the Gulf of Mexico, where the Gulf of Mexico is 
defined as Areas 1 through 22, and area 2482. 
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Catch Sampled by TIP by Number of Fish
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Figure 2:  Trip Interview Program species composition by the number of individual fish sampled for 
the Gulf of Mexico demersal fisheries (n = 181,695 fish).   
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Figure 3:  Gear designation for TIP gear codes as explicated in Table 6. 
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Figure 4:  Regional stratification of gear type used in the Gulf of Mexico (assuming the existence of 
two stocks), where the east represents NMFS Gulf of Mexico shrimp codes 1 through 12 and the west 
represents NMFS Gulf of Mexico shrimp codes 13 through 21. 
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Figure 5:  Initial nonlinear regression of weight length relationship to all data containing a length 
and weight value greater than zero (n = 6,954 fish). 
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Figure 6:  Frequency distribution of the residuals resulting from calculated length weight 
relationship.  
 
 

0
2

4
6

8
10

12
14

16
18

W
ho

le
 W

ei
gh

t (
lb

s)

10 20 30
Total Length (in)

 
Figure 7:  Final weight-length fit by nonlinear regression to data from which residuals in the upper 
and lower 0.5 percentile were removed (n = 6,885 fish).    
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Figure 8:  The significance of year on total length for all TIP gray triggerfish data (n = 14,558).  The 
continuous horizontal line represents the mean across the strata while the red boxes constraining the 
data represent 95% confidence intervals.  The smaller blue lines represent standard deviation, and 
larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 9:  The significance of month on total length for all TIP gray triggerfish data (n = 14,558).  
The continuous horizontal line represents the mean across the strata while the red boxes constraining 
the data represent 95% confidence intervals.  The smaller blue lines represent standard deviation, 
and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 10:  The significance of quarter on total length for all TIP gray triggerfish data (n = 14,558).  
The continuous horizontal line represents the mean across the strata while the red boxes constraining 
the data represent 95% confidence intervals.  The smaller blue lines represent standard deviation, 
and larger red lines furthest from the mean represent 50% confidence intervals.   

 
Quarter 1:  Winter 

To
ta

l L
en

gt
h 

(in
)

10

20

30

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 20032004

Year
 

Figure 11:  The interaction of winter and year on total length for all TIP gray triggerfish data (n = 
3,732).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Quarter 2:  Spring 
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Figure 12: The interaction of spring and year on total length for all TIP gray triggerfish data (n 
=4,096).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 13:  The interaction of summer and year on total length for all TIP gray triggerfish data (n 
=3,816).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Quarter 4:  Fall 
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Figure 14:  The interaction of fall and year on total length for all TIP gray triggerfish data (n 
=2,994).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 15:  The significance of region on gray triggerfish total length (assuming the existence of two 
stocks), where the east represents NMFS Gulf of Mexico shrimp codes 1 through 12 and the west 
represents NMFS Gulf of Mexico shrimp codes 13 through 21 (n = 14,327).  The continuous 
horizontal line represents the mean across the strata while the red boxes constraining the data 
represent 95% confidence intervals.  The smaller blue lines represent standard deviation, and larger 
red lines furthest from the mean represent 50% confidence intervals.   
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Figure 16:  The interaction of the western region of the Gulf and year on gray triggerfish length 
where the west represents NMFS Gulf of Mexico shrimp codes 13 through 21 assuming the existence 
of two stocks (n = 6,667).   The continuous horizontal line represents the mean across the strata while 
the red boxes constraining the data represent 95% confidence intervals.  The smaller blue lines 
represent standard deviation, and larger red lines furthest from the mean represent 50% confidence 
intervals.   

 
Eastern Region 

To
ta

l L
en

gt
h 

(in
)

10

20

30

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year
 

Figure 17:  The interaction of the eastern region of the Gulf and year on gray triggerfish length 
where the west represents NMFS Gulf of Mexico shrimp codes 1 through 12 assuming the existence 
of two stocks (n = 7,532).   The continuous horizontal line represents the mean across the strata while 
the red boxes constraining the data represent 95% confidence intervals.  The smaller blue lines 
represent standard deviation, and larger red lines furthest from the mean represent 50% confidence 
intervals.   
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Figure 18:  The significance of state on total length for all TIP gray triggerfish data (n = 14,558).  The 
continuous horizontal line represents the mean across the strata while the red boxes constraining the 
data represent 95% confidence intervals.  The smaller blue lines represent standard deviation, and 
larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 19:  The interaction of Alabama and year on total length for all TIP gray triggerfish data (n = 
33).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 20:  The interaction of Florida and year on total length for all TIP gray triggerfish data (n = 
7,924).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 21:  The interaction of Louisiana and year on total length for all TIP gray triggerfish data (n 
= 5,256).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 22:  The interaction of Mississippi and year on total length for all TIP gray triggerfish data (n 
= 530).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 23:  The interaction of Texas and year on total length for all TIP gray triggerfish data (n = 
901).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 24:  The significance of gear (see Table 6) on total length for all TIP gray triggerfish data (n = 
14,558).  The continuous horizontal line represents the mean across the strata while the red boxes 
constraining the data represent 95% confidence intervals.  The smaller blue lines represent standard 
deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 25:  The significance of those gear codes classified as hook and line gear (see Table 6) on gray 
triggerfish total length (n=12,593).  The continuous horizontal line represents the mean across the 
strata while the red boxes constraining the data represent 95% confidence intervals.  The smaller 
blue lines represent standard deviation, and larger red lines furthest from the mean represent 50% 
confidence intervals.   
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Gear:  Traps 
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Figure 26:  The significance of those gear codes classified as fish traps (see Table 6) on gray 
triggerfish total length (n=1,403).  The continuous horizontal line represents the mean across the 
strata while the red boxes constraining the data represent 95% confidence intervals.  The smaller 
blue lines represent standard deviation, and larger red lines furthest from the mean represent 50% 
confidence intervals.   
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Figure 27:  The significance of those gear codes classified as other (see Table 6) on gray triggerfish 
total length (n=562).  The continuous horizontal line represents the mean across the strata while the 
red boxes constraining the data represent 95% confidence intervals.  The smaller blue lines represent 
standard deviation, and larger red lines furthest from the mean represent 50% confidence intervals.   
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Figure 28:  The significance of shrimp code area on gray triggerfish total length as per the NMFS 
Gulf area shrimp codes (see Figure 1) (n=14,199).  The continuous horizontal line represents the 
mean across the strata while the red boxes constraining the data represent 95% confidence intervals.  
The smaller blue lines represent standard deviation, and larger red lines furthest from the mean 
represent 50% confidence intervals.   

 

 

Annual Catch At Age For Gray Triggerfish Sampled by TIP
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Figure 29:  Annual catch at age for gray triggerfish sampled by TIP. 
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Catch At Age For Gray Triggerfish Sampled by TIP per Month
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Figure 30:  Catch at age for gray triggerfish sampled by TIP by month.   

Catch At Age For Gray Triggerfish Sampled by TIP Each Quarter
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Figure 31:  Catch at age for gray triggerfish sampled by TIP by quarter where quarter one is 
January through March, quarter two April through June, quarter three July through September, 
and quarter four October through December. 
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Catch At Age For Gray Triggerfish Sampled by TIP For Each Gear 
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Figure 32:  Catch at age for gray triggerfish sampled by TIP by gear, where each gear designation 
corresponds to the gear codes explicated by Table 6.   

Catch At Age for Gray Triggerfish Sampled by TIP for Each Region of the Gulf of 
Mexico

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

West East

Region

Pe
rc

en
t o

f I
nd

iv
id

ua
ls

 S
am

pl
ed

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
18 19 20 21 22 23 24 27 29 39  

Figure 33:  Catch at age for gray triggerfish sampled by TIP by region (assuming the existence of two 
stocks), where the east represents NMFS Gulf of Mexico shrimp codes 1 through 12 and the west 
represents NMFS Gulf of Mexico shrimp codes 13 through 21. 
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Catch At Age For Gray Triggerfish Sampled by TIP For Each State
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Figure 34:  Catch at age for gray triggerfish sampled by TIP by state.   

 

Catch at Age by NMFS Gulf Shrimp Code for Gray Triggerfish Sampled 
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Figure 35:  Catch at age for gray triggerfish sampled by TIP by area, where the area corresponds to 
the NMFS shrimp code in the Gulf of Mexico (see Figure 1).  



 33

Appendix C:  Length Frequency Distributions
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