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A combined index of great hammerhead abundance from fishery independent bottom longline 
surveys conducted in coastal waters of the northern Gulf of Mexico was generated using 
Southeast Area Monitoring and Assessment Program bottom longline (SEAMAP BLL) data (AL-
TX, 2008-2019) and Dauphin Island Sea Lab bottom longline data (2006-2019).  Both bottom 
longline surveys use the same gear, bait, and identical deployment protocols.  Due to a change 
in survey design of the SEAMAP BLL survey, which started sampling exclusively in waters 
between 3-10m in 2015 to complement the NMFS bottom longline survey and the fact that the 
majority of the great hammerhead sharks were caught in shallow waters (<15m), the datasets 
were truncated to include only stations that occurred in less than 15 m of water. The index 
extends from 2006 to 2019, and resulted in 85 great hammerheads captured during 1,279 BLL 
sets. Standardized catch rates were estimated using a delta-lognormal modeling method.  
Nominal and standardized great hammerhead catch rates remained relatively stable throughout 
the survey period. 
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INTRODUCTION 
 
The National Marine Fisheries Service (NMFS) Southeast Fisheries Science Center (SEFSC) 
fishery-independent bottom longline (BLL) survey was established in 1995 and covers 
continental shelf waters ranging in water depth from 9 to 366 meters.  Complementary fishery-
independent inshore BLLs of coastal shark populations in the northcentral Gulf of Mexico using 
the same gear was initiated in 2006.  Since 2006, the Dauphin Island Sea Laboratory (DISL) has 
been conducting an annual shark BLL survey.  In 2008, the NMFS Southeast Area Monitor and 
Assessment Program (SEAMAP) developed a coastal BLL in Alabama, Mississippi, Louisiana, 
and Texas state waters.  The SEAMAP state partners that conduct this survey work include 
DISL, Gulf Coast Research Laboratory, Louisiana Department of Wildlife and Fisheries, and 
Texas Parks and Wildlife Department. Since 2015, a change in the SEAMAP BLL survey design 
was implemented to sample exclusively in waters less than 10 meters.  Due to this change and 
the fact that the majority of the great hammerheads were caught in shallow waters (<15m), we 
truncated the data to only include stations that occurred in less than 15 meters of water.  Data 
from both surveys were combined in an attempt to provide a combined single relative index of 
abundance for great hammerheads for the northern Gulf of Mexico.  
 
MATERIALS AND METHODS 
 
DISL BLL Survey 
 
The sampling protocol and equipment follows the procedures established by the NOAA Fisheries 
Mississippi Laboratories bottom longline survey (Grace and Henwood 1997, Driggers et al. 
2008).  The longline gear consisted of a 1.6 km (426 kg test) monofilament mainline and 100, 
3.7 m gangions (332 kg test monofilament) outfitted with a 15/0 circle hooks and baited with 
Atlantic mackerel (Scomber scombrus).  The longline fished for one hour from the time of last 
high-flier deployment to the time of first high-flier retrieval.  Bottom longline sampling for the 
Alabama nearshore survey began in May 2006 and employed a random stratified block design.  
Blocks were established both in the Mississippi Sound/Mobile Bay and waters south of Dauphin 
Island.  Each month (January to December), stations were randomly selected within the blocks, 
and effort was allocated across three depth strata (0-5m, 5-10m, and 10-20m).  For additional 
details, see Drymon and Powers (2012). 
 
SEAMAP BLL Survey 
 
The sampling protocol and equipment follows the procedures established by the NOAA Fisheries 
Mississippi Laboratories bottom longline survey (Grace and Henwood 1997, Driggers et al. 
2008).  The longline gear consisted of a 1.6 km (426 kg test) monofilament mainline and 100, 
3.7 m gangions (332 kg test monofilament) outfitted with a 15/0 circle hooks and baited with 
Atlantic mackerel, (Scomber scombrus).  The longline fished for one hour from the time of last 
high-flier deployment to the time of first high-flier retrieval.  Initially, the bottom longline 
sampling employed a random stratified block design within each state with effort within each 
block allocated across three depth strata (0-5m, 5-10m, and 10-20m).  The study area was broken 
into three regions: Mississippi Sound, South of barrier islands, and Chandeleur Sound.  Each 



month from March to October, three stations were sampled from each region.  Beginning in 2015 
the Gulf SEAMAP coastal bottom longline survey switched from a state to a gulf-wide design 
and monthly sampling was switched to seasonal sampling (e.g. spring, summer, and fall). For 
additional details, see Hendon et al. (2012). 
 
Data 
 
SEAMAP BLL data were obtained from the Gulf States Marine Fisheries Commission (GSMFC) 
database, which contains data collected by state agencies/partners from Alabama, Florida, 
Louisiana, Mississippi and Texas.  Additional bottom longline data was obtained from Marcus 
Drymon that represents the DISL BLL sampling done by AL.  A total of 2,742 stations were 
sampled from 2006-2019 during the SEAMAP and DISL BLL surveys.  All young-of-the-year 
great hammerheads were excluded from the analysis (fork length < 800 mm).  The final 
analytical dataset included 1,279 stations sampled between SEAMAP and DISL (Table 1), which 
included captures of 85 great hammerheads (Table 2).   
  
Data Exclusions 
 
We used the time series of data between 2006 and 2019 to develop great hammerhead abundance 
indices.  As previously mentioned, the data was limited to only those stations sampled in less 
than 15 m of water due to the change in sample design and the lack of any deeper sampling later 
in the time series.   All sampling done in January, February, and December was excluded due to 
the inconsistent sampling over the time series (Table 3).  In addition, sampling done in March, 
April, October, and November was excluded due to the lack of significant catches of great 
hammerhead (Table 4). 
 
Index Development    
 
Delta-lognormal modeling methods were used to estimate relative abundance indices for 
vermilion snapper (Pennington 1983, Bradu and Mundlak 1970).  The main advantage of using 
this method is allowance for the probability of zero catch (Ortiz et al. 2000).  The index 
computed by this method is a mathematical combination of yearly abundance estimates from two 
distinct generalized linear models: a binomial (logistic) model which describes proportion of 
positive abundance values (i.e. presence/absence) and a lognormal model which describes 
variability in only the nonzero abundance data (cf. Lo et al. 1992). 
 
The delta-lognormal index of relative abundance (Iy) was estimated as: 
 
(1)  Iy = cypy,     
                                                                                                          
where cy is the estimate of mean CPUE for positive catches only for year y, and py is the estimate 
of mean probability of occurrence during year y.  Both cy and py were estimated using 
generalized linear models.  Data used to estimate abundance for positive catches (c) and 
probability of occurrence (p) were assumed to have a lognormal distribution and a binomial 
distribution, respectively, and modeled using the following equations: 
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respectively, where c is a vector of the positive catch data, p is a vector of the presence/absence 
data, X is the design matrix for main effects, β  is the parameter vector for main effects, and ε is 
a vector of independent normally distributed errors with expectation zero and variance σ2.  
Therefore, cy and py were estimated as least-squares means for each year along with their 
corresponding standard errors, SE (cy) and SE (py), respectively.  From these estimates, Iy was 
calculated, as in equation (1), and its variance calculated using the delta method approximation   
 
(4) ( ) ( ) ( )yyyyy pVcpcVIV 22 +≈ .     
                                                       
A covariance term is not included in the variance estimator since there is no correlation between 
the estimator of the proportion positive and the mean CPUE given presence. The two estimators 
are derived independently and have been shown to not covary for a given year (Christman, 
unpublished).   
 
The submodels of the delta-lognormal model were built using a backward selection procedure 
based on type 3 analyses with an inclusion level of significance of α = 0.05.  Binomial submodel 
performance was evaluated using AIC, while the performance of the lognormal submodel was 
evaluated based on analyses of residual scatter and QQ plots in addition to AIC.  Variables that 
could be included in the submodels were:  
 

Submodel Variables  
 

Year: 2006 – 2019 
Depth: 3.7 – 15.0 m (continuous) 
Bottom Temperature: 19.8 – 31.7°C (continuous) 
Bottom Salinity: 5.7 – 38.7 ppt (continuous) 
Bottom Dissolved Oxygen: 0.02 – 12.16 mg/L (continuous) 
Longitude: 97.52°W – 87.29°W (continuous) 

 
RESULTS AND DISCUSSION 
 
Distribution, Size and Age 
 
Of the 85 great hammerheads captured during the surveys, 70 were measured with a mean fork 
length of 1513 mm.  The length frequency distribution of great hammerheads captured is shown 
in Figure 1.  The distribution of great hammerheads from the SEAMAP and DISL BLL surveys 
is presented in Figure 2, with seasonal/annual abundance and distribution presented in the 
Appendix Figure 1.  The annual number of great hammerheads captured annually ranged from 2 
to 12 (Table 5).   



 
Index of Abundance 
 
For the SEAMAP and DISL BLL surveys (2006-2019) abundance index of great hammerheads 
in the GOM, year, bottom salinity, and bottom DO were retained in the binomial submodel, 
while year was retained in the lognormal submodel.  A summary of the factors used in the 
analysis is presented in Appendix Table 1.  Table 6 summarizes the final set of variables used in 
the submodels and their significance.  The AIC for the binomial and lognormal submodels were 
5279.5 and 29.4, respectively.  The diagnostic plots for the lognormal submodel are shown in 
Figure 3.  Annual abundance indices are presented in Table 7 and Figure 4. 
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Table 1. Breakdown of stations sampled by SEAMAP partners and DISL during annual bottom 
longline surveys. 
 

Year DISL SEAMAP Total AL LA MS TX 
2006 69     69 
2007 111     111 
2008 93   60  153 
2009 4   64  68 
2010  3  58 20 81 
2011 10 2 5 46 12 75 
2012 4 8 4 37 14 67 
2013  6 9 31 12 58 
2014  9 7 39 14 69 
2015 15 7 52 22 14 110 
2016 27 10 49 24 18 128 
2017 14 9 58 11 16 108 
2018  5 65  21 91 
2019  5 53 20 13 91 
Total 347 64 302 412 154 1279 

 
 
Table 2. Breakdown of numbers of great hammerhead caught by SEAMAP partners and DISL 
during annual bottom longline surveys. 
 

Year DISL 
SEAMAP SEAMAP 

Total Total AL LA MS TX 
2006 6 

     
6 

2007 4 
     

4 
2008 8 

  
3 

 
3 11 

2009 0 
  

3 
 

3 3 
2010 

 
0 

 
1 1 2 2 

2011 0 3 0 0 0 3 3 
2012 0 1 0 2 1 4 4 
2013 

 
4 0 1 3 8 8 

2014 
 

3 2 5 2 12 12 
2015 0 1 5 0 0 6 6 
2016 4 0 2 1 2 5 9 
2017 1 2 1 1 2 6 7 
2018 

 
0 3 

 
1 4 4 

2019 
 

2 3 1 0 6 6 
Total 23 16 16 18 12 62 85 

 



Table 3. Number of stations sampled by month during SEAMAP and DISL bottom longline surveys. 
 

Year 
Month 

Total 1 2 3 4 5 6 7 8 9 10 11 12 
2006 

    
9 10 12 7 10 19 

 
2 69 

2007 3 1 7 12 12 12 14 13 14 13 10 
 

111 
2008 

  
15 23 4 17 27 24 13 16 14 

 
153 

2009 
  

8 5 5 8 11 12 12 7 
  

68 
2010 

  
12 8 10 9 10 12 11 9 

  
81 

2011 
 

1 6 4 4 9 10 16 15 9 1 
 

75 
2012 

 
1 9 2 7 10 12 11 5 9 1 

 
67 

2013 
  

5 6 4 11 7 11 9 5 
  

58 
2014 

  
6 4 3 4 16 17 12 7 

  
69 

2015 
   

5 20 18 22 14 19 12 
  

110 
2016 

  
2 14 18 12 24 24 34 

   
128 

2017 
   

18 23 8 22 19 14 4 
  

108 
2018 

   
12 7 24 9 29 10 

   
91 

2019 
   

13 12 19 17 18 12 
   

91 
Total 3 3 70 126 138 171 213 227 190 110 26 2 1279 

 



Table 4. Number of great hammerheads caught by month during SEAMAP and DISL bottom longline surveys. 
 

Year 
Month 

Total 1 2 3 4 5 6 7 8 9 10 11 12 
2006     0 2 4 0 0 0  0 6 
2007 0 0 0 0 1 0 0 0 3 0 0  4 
2008   0 0 2 0 3 5 1 0 0  11 
2009   0 0 0 1 1 0 0 1   3 
2010   0 0 0 0 1 1 0 0   2 
2011  0 0 0 0 0 3 0 0 0 0  3 
2012  0 0 0 2 0 0 1 1 0 0  4 
2013   0 0 5 1 1 0 1 0   8 
2014   0 0 0 2 2 6 1 1   12 
2015    0 0 3 0 1 2 0   6 
2016   0 0 0 1 1 1 6    9 
2017    1 2 0 3 0 1 0   7 
2018    0 1 0 0 3 0    4 
2019    0 0 2 2 2 0    6 
Total 0 0 0 1 13 12 21 20 16 2 0 0 85 



                                             

 
Table 5. Summary of the great hammerhead data from the combine SEAMAP and DISL BLL 
surveys between 2006 and 2019.  Note that all YOY great hammerheads have been removed. 
 

 
 

Survey Year 

 
Number 

 of Stations 

 
Number 

Collected 

 
Number 

Measured 

Minimum 
Fork 

Length (mm) 

Maximum 
Fork 

Length (mm) 

Mean 
Fork 

Length (mm) 

 
Standard 
Deviation 

2006 69 6 1 1297 1297 1297 - 
2007 111 4 2 1227 1515 1371 203 
2008 153 11 10 1367 1725 1482 104 
2009 68 3 3 1019        1625 1356 309 
2010 81 2 0 - - - - 

         2011 75 3 3 1310 1723 1565 223 
         2012 67 4 3 1455 1890 1635 227 

2013 58 8 5 1290 1810 1584 203 
2014 69 12 10 855 1865 1491 342 
2015 110 6 6 1275 2052 1562 291 
2016 128 9 9 905 2085 1504 299 
2017 108 7 7 1000 2025 1462 359 
2018 91 4 4 1260 1860 1439 282 
2019 91 6 5 1286 2440 1793 513 

 
Total  Number 

of Years 
14 

 
Total  Number 

of Stations 
1,279 

 
Total Number 

Collected 
85 

 
Total Number 

Measured 
70   

Overall Mean Fork 
Length (mm) 

1513  
        

 



                                             

Table 6. Summary of backward selection procedure for building delta-lognormal submodels for 
great hammerhead SEAMAP and DISL BLL surveys index of relative abundance from 2009 to 
2019 in the Gulf of Mexico. 
 

Model Run #1 Binomial Submodel Type 3 Tests (AIC 5395.3) Lognormal Submodel Type 3 Tests (AIC 60.3) 

Effect 
Num 
DF 

Den 
DF 

Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 

Year 13 901 17.41 1.34 0.1814 0.1840 13 48 1.71 0.0904 

Depth 1 901 2.14 2.14 0.1436 0.1439 1 48 0.17 0.6844 

Bottom Temperature 1 901 3.32 3.32 0.0684 0.0687 1 48 0.22 0.6399 

Bottom Salinity 1 901 4.89 4.89 0.0271 0.0273 1 48 1.70 0.1987 

Bottom Dissolved Oxygen 1 901 8.73 8.73 0.0031 0.0032 1 48 2.09 0.1550 

Longitude 1 901 4.55 4.55 0.0328 0.0331 1 48 0.67 0.4167 

Model Run #2 Binomial Submodel Type 3 Tests (AIC 5366.5) Lognormal Submodel Type 3 Tests (AIC 54.2) 

Effect 
Num 
DF 

Den 
DF 

Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 

Year 13 902 19.04 1.46 0.1217 0.1243 13 49 1.74 0.0818 

Depth Dropped Dropped 

Bottom Temperature 1 902 2.86 2.86 0.0906 0.0909 1 49 0.18 0.6760 

Bottom Salinity 1 902 8.88 8.88 0.0029 0.0030 1 49 1.58 0.2148 

Bottom Dissolved Oxygen 1 902 8.62 8.62 0.0033 0.0034 1 49 2.11 0.1525 

Longitude 1 902 4.33 4.33 0.0374 0.0377 1 49 0.63 0.4323 

Model Run #3 Binomial Submodel Type 3 Tests (AIC 5319.1) Lognormal Submodel Type 3 Tests (AIC 48.0) 

Effect 
Num 
DF 

Den 
DF 

Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 

Year 13 903 18.18 1.40 0.1506 0.1533 13 50 1.76 0.0772 

Depth Dropped Dropped 

Bottom Temperature Dropped Dropped 

Bottom Salinity 1 903 7.53 7.53 0.0061 0.0062 1 50 1.67 0.2017 

Bottom Dissolved Oxygen 1 903 10.45 10.45 0.0012 0.0013 1 50 2.00 0.1638 

Longitude 1 903 2.68 2.68 0.1014 0.1018 1 50 1.18 0.2833 

Model Run #4 Binomial Submodel Type 3 Tests (AIC 5297.5) Lognormal Submodel Type 3 Tests (AIC 42.3) 

Effect 
Num 
DF 

Den 
DF 

Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 

Year 13 905 16.52 1.27 0.2221 0.2246 13 51 1.78 0.0715 

Depth Dropped Dropped 

Bottom Temperature Dropped Dropped 

Bottom Salinity 1 905 5.92 5.92 0.0150 0.0151 1 51 1.38 0.2463 

Bottom Dissolved Oxygen 1 905 8.68 8.68 0.0032 0.0033 1 51 1.49 0.2275 

Longitude Dropped Dropped 
 
 
 
 
 
 



                                             

Table 6. Continued 
 

Model Run #5 Binomial Submodel Type 3 Tests (AIC 5297.5) Lognormal Submodel Type 3 Tests (AIC 36.7) 

Effect 
Num 
DF 

Den 
DF 

Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 

Year 13 905 16.52 1.27 0.2221 0.2246 13 52 1.79 0.0704 

Depth Dropped Dropped 

Bottom Temperature Dropped Dropped 

Bottom Salinity 1 905 5.92 5.92 0.0150 0.0151 Dropped 

Bottom Dissolved Oxygen 1 905 8.68 8.68 0.0032 0.0033 1 52 0.93 0.3394 

Longitude Dropped Dropped 

Model Run #6 Binomial Submodel Type 3 Tests (AIC 5297.5) Lognormal Submodel Type 3 Tests (AIC 29.4) 

Effect 
Num 
DF 

Den 
DF 

Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 

Year 13 905 16.52 1.27 0.2221 0.2246 13 58 1.91 0.0478 

Depth Dropped Dropped 

Bottom Temperature Dropped Dropped 

Bottom Salinity 1 905 5.92 5.92 0.0150 0.0151 Dropped 

Bottom Dissolved Oxygen 1 905 8.68 8.68 0.0032 0.0033 Dropped 

Longitude Dropped Dropped 

 
 



                                             

Table 7. Indices of great hammerhead abundance developed using the delta-lognormal (DL) 
model for SEAMAP and DISL BLL surveys from 2006-2019 in the northern Gulf of Mexico. 
The nominal frequency of occurrence, the number of samples (N), the DL Index (number per 
trawl-hour), the DL indices scaled to a mean of one for the time series, the coefficient of 
variation on the mean (CV), and lower and upper confidence limits (LCL and UCL) for the 
scaled index are listed. 

Survey Year Frequency N DL Index Scaled Index CV LCL UCL 
2006 0.12500 48 0.01297 0.17076 1.06211 0.03003 0.97098 

2007 0.06154 65 0.04521 0.59519 0.52501 0.22187 1.59666 

2008 0.10588 85 0.10894 1.43429 0.34383 0.73501 2.79885 

2009 0.04167 48 0.03930 0.51737 0.72751 0.14051 1.90508 

2010 0.03846 52 0.05039 0.66340 0.71590 0.18325 2.40159 

2011 0.01852 54 . . . . . 

2012 0.08889 45 0.06389 0.84125 0.53152 0.31021 2.28135 

2013 0.11905 42 0.14153 1.86349 0.45556 0.78187 4.44138 

2014 0.19231 52 0.17258 2.27221 0.32306 1.20998 4.26696 

2015 0.06452 93 0.05105 0.67211 0.42085 0.29970 1.50726 

2016 0.08036 112 0.08925 1.17515 0.33477 0.61236 2.25518 

2017 0.05814 86 0.08050 1.05989 0.45064 0.44852 2.50459 

2018 0.05063 79 0.04343 0.57179 0.52057 0.21473 1.52257 

2019 0.06410 78 0.08834 1.16312 0.44890 0.49370 2.74019 

 



                                             

 
        

 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 
 
 
 
 
 
Figure 1. Length frequency of Great hammerhead, Sphyrna mokarran, caught in the combined 
SEAMAP and DISL BLL surveys. Note that all YOY great hammerheads have been removed. 

 

 

 

 



                                             

 

 
 
Figure 2. Stations sampled from 2006 to 2019 during the SEAMAP and DISL BLL surveys with CPUE for great hammerheads. 
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Figure 5. Diagnostic plots for lognormal component of the great hammerhead NMFS Bottom Longline Surveys 
model: A. the frequency distribution of log (CPUE) on positive stations and B. the cumulative normalized 
residuals (QQ plot). 

 
 

 
 
Figure 4. Annual index of abundance for great hammerheads from the SEAMAP and DISL BLL 
surveys from 2006 – 2019. 
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Appendix  



                                             

Appendix Table 1. Summary of the factors used in constructing the great hammerhead 
abundance index from the updated SEAMAP and DISL bottom longline surveys. 

 

Factor Level 
Number of 

Observations 
Number of Positive 

Observations 
Proportion 

Positive Mean CPUE 

Year 2006 48 6 0.12500 0.12500 

Year 2007 65 4 0.06154 0.06154 

Year 2008 85 9 0.10588 0.12941 

Year 2009 48 2 0.04167 0.04167 

Year 2010 52 2 0.03846 0.03846 

Year 2011 54 1 0.01852 0.05556 

Year 2012 45 4 0.08889 0.08889 

Year 2013 42 5 0.11905 0.19048 

Year 2014 52 10 0.19231 0.21154 

Year 2015 93 6 0.06452 0.06452 

Year 2016 112 9 0.08036 0.08036 

Year 2017 86 5 0.05814 0.06977 

Year 2018 79 4 0.05063 0.05063 

Year 2019 78 5 0.06410 0.07692 
 
 



                                             

 Appendix Figure 1.  Annual survey effort and catch of great hammerhead from the SEAMAP 
and DISL bottom longline surveys (2006-2019). 
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