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ABSTRACT 

 

Gag grouper, Mycteroperca microlepis, compose an important recreational and commercial 

fishery along the Gulf coast and Eastern Seaboard of the United States (Coleman et al. 2000, 

Morris et al. 2000, and Musick et al. 2000).  Like many Serranids, gag have a complex life cycle 

in which juveniles spend each summer developing within inshore structured habitats before 

joining the adult population offshore (Heemstra and Randall 1993, Koenig et al. 1996, Grover et 

al. 1998).  As is the case with most fisheries, heavy fishing pressures have led to a decline in gag 

abundance (Renan et al. 1996).   The most efficient policies to mitigate for these population have 

as of yet focused on adult gag preservation;  this study, however, attempt to use select juvenile 

gag population metrics (abundance and date of fertilization) to provide crucial data that may one 

day assist in providing a juvenile-centric population model.  Over the course of a three-year 

study, juveniles were captured in two regions;  near the Florida State University Coastal and 

Marine Laboratory (Turkey Point Shoal and Lanark Reef sites) and inside of Saint Andrew Bay, 

Panama City.  Otolith analysis was performed to determine age and fertilization date of the 

juveniles, and abundance statistics were determined for each year. It was found that, consistent 

with previous literature, average fertilization date varied significantly across years and sampling 

sites (range = 41.9 to 91.8).  The 2009 field season exhibited a significantly earlier fertilization 

date for both regions, and only one specimen was captured in Saint Andrew Bay.  The 2009 

Turkey Point Shoal field season was the only occurrence where abundance significantly declined 

during the course of the field season.  Various environmental and physical factors may have been 

responsible for the enormous interannual variation seen in both abundance and fertilization date, 

such as large-scale current patterns and predator densities in the two regions. While no concrete 

conclusions may be drawn from the data, this study was essential in expanding on background 

knowledge of early juvenile gag population dynamics.                
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INTRODUCTION 

 

 

Gag grouper, Mycteroperca microlepis, belongs to the subfamily Epinephelinae, family 

Serranidae, which contains the grouper species and their close relatives.  Gag have been reported 

in United States waters from Massachusetts to Florida, in the northern Gulf of Mexico, on the 

Campeche Bank off Mexico, in Bermuda, and in Brazil (Ross and Moser 1995).  Gag 

populations support important recreational and commercial fisheries (see, e.g., Coleman et al. 

2000, Morris et al. 2000, and Musick et al. 2000).  For example, combined landings of gag by 

commercial and recreational fishing from 1986-1988 in Maryland and Florida totaled over 

2,154,880 kg (Hood and Schlieder 1992). 

Like many serranids, gag have a complex life cycle (Heemstra and Randall 1993, Grover 

et al. 1998).  In winter (January through early March), adults form numerous (as many as a 

hundred or more) spawning aggregations off shore at the shelf break (Koenig et al. 1996, Harris 

and Collins 2000).  The actual spawning season has been reported to last from January to April, 

with peak spawning occurring in February and March (Hood and Schlieder 1992, Koenig et al. 

1996, Koenig and Coleman 1998).  Adults are present at these spawning sites year round, so 

spawning begins when the females migrate to these spawning sites (Coleman et al. 2000).  

Because females spawn only a portion of their eggs every few days, larvae from an aggregation 

are available for transport to shore continuously through a season (Koenig, personal 

communication).  The fertilized eggs develop into pelagic larvae that are transported inshore 

(Keener et al. 1988, Koenig et al. 1998, Fig. 1.1).  They become postlarvae while in the plankton.  

At the end of the planktonic phase, these postlarvae settle (Fig. 1.2) in seagrass meadows and 

other inshore, structured habitats in spring and early summer (Keener et al. 1988).  Upon settling 

in the seagrass meadow, gag morphology changes and they become benthic.  After this shift in 

habitat, gag are referred to as early juveniles (Mullaney and Gale 1996).  At the end of the 

summer, gag have become late juveniles and have migrated to shallow reefs just offshore, where 

they grow and develop for several years and take on the adult morphology.  When nearly mature, 

gag move to mid-shelf reefs, where they remain for several years before joining the breeding 

population in deeper shelf waters to begin the cycle anew (Koenig and Coleman 1998). 

Seagrass meadows satisfy Heck et al.’s (2003) criteria to be nurseries for early juvenile 

gag.  Levin and Hay (2003) showed that post-larval gag choose to settle in structured habitat 

rather than unstructured.  This active choice suggests that being in structured habitats, such as 

seagrass meadows, is advantageous, perhaps because structured habitats decrease the efficiency 

of visual predators (Miller et al. 1985).  Miller et al. (1985) also showed that juvenile gag 

outcompete the early juveniles of other fish species for prey in seagrass meadows but not in 

unstructured, near-shore habitats.   

Those gag populations that are heavily fished are declining (Renan et al. 2006).  For 

some time (see, e.g., Parrish et al. 1987, Bullock et al. 1992, Heemstra and Randall 1993, Beets 

and Hixon 1994, Trippel 1995), workers have known that large, slow–growing, late-maturing 

species, such as gag, cannot support intense fishing pressure because the rate of recruitment to 

the population cannot keep pace with the rate of loss to the fishery (Trippel 1995).  Further, the 

reproductive biology of gag accentuates the problem.  Gag tend to form spawning aggregations 

at similar times and locations each year, which increases their susceptibility to fishing (Gilmore 
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Figure 1.2.  An early juvenile gag that had been in the seagrass approximately one month.  The 

large mouth, the number of dorsal spines, and the green-yellow color are characteristic of early 

juvenile gag. 

  

  

 While the stresses facing gag populations are clear, the most efficacious ways to mitigate 

their effects are difficult to specify because the species’ ecology, particularly its life history, is 

insufficiently known.  Such information is needed for models of fish community structure 

(McFarland et al. 1984) and fisheries management (Keener et al. 1988; Koenig et al. 1998).  

Because early juvenile gag are small, are cryptic, and occur in habitats that are challenging to 

sample (Keener et al. 1988), they are less well known and require particular attention (Ross and 

Moser 1995; Koenig et al. 1998). 

   In my study, I asked (A) whether certain life-history parameters (date of fertilization, 

number of cohorts, abundance) of early juvenile gag differed significantly in time or space, and 

(B) whether environmental conditions influenced these parameters. 
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MATERIALS AND METHODS 

 

2.1 General Setting 

 

 

Given my interest in comparing more than one spatial scale, I selected sites in the Saint 

George Sound and Saint Andrew Bay regions of the northern Gulf of Mexico (Fig. 2.1).  Both 

regions have warm-temperate climates.  The density of seagrass cover and the dominant seagrass 

species were the same (turtle grass, Thalassia testudinum; manatee grass, Syringodium filiforme; 

and shoal grass, Halodule wrightii).     

 

 

2.2 Site Selection and Description 

 

 

Following Koenig and Coleman (1998), I selected sites (1) that were 0.3 to 1.0 m deep at 

average low tide, (2) that were located in lush, seagrass meadows, and (3) where early juvenile 

gag had been found previously.  
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Figure 2.1.  The locations of Saint Andrew Bay and Saint George Sound in the northern Gulf of 

Mexico. 

 

 

 I established a site in the Saint George Sound region (Fig. 2.2) at Turkey Point Shoal (84° 

29.00’ W to 84° 30.00’ W, 29° 53.60’ N to 29° 54.50’ N) as follows.  I used a NOAA chart to 

find an area of suitable depth and overlayed on it a 1-second-by-1-second grid.  In the field, I 

used a global-positioning device (Garmin GPS 76) to locate each grid intersection, where I 

measured depth and noted the quality of seagrass cover.  I adjusted the measured depths to the 

average low tide and selected a site between 0.3 and 1.0 m depth.  Approximately 15 5-m
2
-scale 

sand patches occurred in the 2.5 km
2
 site. 
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Figure 2.2.  The position of the Turkey Point Shoal and Lanark Reef sites (outlined in black) in 

the Saint George Sound region.  Grey indicates seagrass, and white patches in seagrass meadows 

represent sandy bottom. 

 

 

I had no direct measurements of temperature for the 2007 sampling season at the Turkey 

Point Shoal site; however, data were available from a site at 1.5 m depth approximately 2 km 

away (= FSUCML site).  To determine whether the FSUCML site data could be used to 

characterize conditions at the Turkey Point Shoal site in the 2007 sampling season, I examined 

the fit of the FSUCML site data to the Turkey Point Shoal site data for the 2008 and 2009 

sampling seasons graphically.   

 During the 2008 and 2009 sampling seasons, I measured temperature with a CTD Diver 

(Van Essen Instruments, Schlumberger) at five-minute intervals and calculated a daily average.  

During the 2007, 2008, and 2009 sampling seasons, I measured salinity with a temperature-

compensating refractometer (Vital Sine™, Aquatic Eco-Systems).  In the 2009 sampling season, 

I measured oxygen concentration in the near-bottom water with a recording oxygen sensor (RBR 

Instruments) at 5-min intervals.  Data gaps occurred because of instrument malfunction and theft.   

 The Lanark Reef site (84° 33.00’ W to 84° 33.80’ W, 29° 52.80’ N to 29° 53.95’ N) is 

approximately three km west of the Turkey Point Shoal site (Fig. 2.2).  I used the same selection 

criteria and procedures as above to establish it.  The seagrass meadow was more lush than at the 
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Turkey Point Shoal site, and I encountered fewer than ten 1-5 m
2
 sand patches in the 2.5 km

2
 

site.  I measured temperature, salinity, and oxygen as at the Turkey Point Shoal site. 

 My sites in the Saint Andrew Bay region were located approximately 180 km west of my 

sites in the Saint George Sound region (Fig. 2.1).  They (BC, SA, and RE, previously established 

by the NOAA Fisheries Laboratory in Panama City, FL, Fig. 2.3) were in a semi-enclosed bay 

and thus were more sheltered from the open ocean than those in the Saint George Sound region.  

They were similar in depth and seagrass cover to the sites in Saint George Sound.  They were 

separated by less than a kilometer and ranged in area from 500 m
2
 to 1 km

2
.  

I placed a CTD Diver logger (Van Essen Instruments, Schlumberger) at BC in the 2008 

and 2009 sampling seasons.  Because of limited equipment, no oxygen sensors were deployed in 

the Saint Andrew Bay region, SA and RE were not instrumented in the 2008 sampling season, 

and they only received a TidbiT™ (Onset) temperature logger in the 2009 sampling season.  

Each instrument recorded at five-minute intervals.  In 2009, the TidbiT™ at RE was stolen.  

Salinity was measured with a YSI Model 30 (YSI) on most visits to each site.    

 To explore the reasonableness of using the temperature measurements at BC to represent 

the Saint Andrew Bay region, I compared the temperature from SA and BC in the 2009 sampling 

season.  
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Figure 2.3.  A chart of Saint Andrew Bay.  The black circles mark the locations of the sites 

within the Saint Andrew Bay region.    

 

 

2.3 Sample Collection 

 

 

2.3.1 The Saint George Sound region 

 

 

In 2007, the Turkey Point Shoal site was sampled approximately twice weekly from May 

21 to September 10.  In 2008, the Turkey Point Shoal and Lanark Reef sites were sampled two or 

three times weekly from April 18 to August 6.  In 2009, they were sampled at the same 

frequency from April 15 to July 21.  Tables 2.1, 2.2, and 2.3 give sampling statistics.  During the 

2008 and 2009 sampling seasons, both sites were sampled on the same day.  One site was 

finished before the other was begun; the order was reversed each sampling day.   

 

 



 

9 

 

Table 2.1.  Sampling statistics for the Turkey Point Shoal site, showing the greater intensity of 

sampling in the 2008 and 2009 sampling seasons compared to the 2007 sampling season.   

 

 

 

 

Table 2.2.  Sampling statistics for the Lanark Reef site.   

 

 

 

I collected early juvenile gag following the protocol of Fitzhugh et al. (2005).  I primarily 

used a scrape (Strelcheck et al. 2003, Fig. 2.4), which is a trawl with a fixed, rectangular, 1-m-

wide-by-0.3-m-high mouth to which a 2-m-long net bag of 3-mm-square mesh is attached.  At 

the Turkey Point Shoal site, I used the scrape from April 17 to July 9 in 2007, the entire 

sampling season in 2008, and from April 15 to June 14 in 2009.  I sampled the same way at the 

Lanark Reef site in the 2008 and 2009 sampling seasons.  The scrape collects early juvenile gag 

efficiently, and it does not damage seagrass (Koenig and Coleman 1998).  Beginning July 11 in 

2007 at the Turkey Point Shoal site and June 16 in 2009 at both sites, I sampled with a “5-m” 

otter trawl that had a 1-m-high mouth and a 4-m long bag of 3-mm-square mesh.  During a trawl, 

the mouth is approximately 1.5 m wide (Koenig, personal communication).  The otter trawl is 

better for catching older gag juveniles, which swim faster than younger individuals (Koenig, 

personal communication).  Also, the taller mouth allows it to collect fish that are tens of 

centimeters off the bottom, which is where the older gag juveniles reside.  I began sampling with 

the otter trawl when the standard length of the early juvenile gag caught by the scrape averaged 4 

cm.  

Both the scrape and otter trawl were assumed to collect only a fraction of the early 

juvenile gag present in their path.  In a similar study in the Big Bend region of Florida, Koenig 

and Coleman (1998) showed that otter trawls sample juvenile gag with 29.9 to 43.9 % efficiency. 

I did not determine capture efficiencies for my samples, so my estimates of early juvenile gag 

abundance are relative abundances.  More generally, as is customary in the field, I assumed that 

variations in sampler efficiency were small enough to be ignored.  

Using my site chart, I selected locations for sampling at random with the condition that 

no anticipated trawl path (see below) would extend out of the sampling site or be sampled twice 

in a day.  In the field, I used a global-positioning device (Garmin GPS 76) to locate the 

beginning and end points of the trawl and to monitor trawl speed.  The scrape was towed 

approximately 10 m behind and 1 m to one side of the boat for 50 m at 1.8 to 3.0 km h
-1

.  This 

speed was fast enough to capture early juvenile gag and to prevent their escape from the bag but 

Sampling season Total trawls 

Average number of trawls per 

sampling day 

2007 58 5.1 

2008 206 7.9 

2009 227 8.7 

Sampling season Total trawls 

Average number of trawls per 

sampling day 

2008 185 7.7 

2009 230 9.2 
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was slow enough to travel along the seabed (Koenig and Coleman 1998).  In 2007, the otter trawl 

was towed at a 3 to 5 km h
-1

 for 131 to 151 m.  In 2009, I towed it at the same speed for 53 to 

108 m. 

 

 

Figure 2.4.  A scrape trawl used to capture early juvenile gag.  It has a stainless-steel frame, a 1-

m-wide by 0.3-m-high mouth opening, and a 2-m-long net bag.  The bag has square mesh 

openings 3 mm on a side.  

 

 

After each trawl, gag and non-gag specimens were separated, and the latter were returned 

to the sea within 20 min.  Gag larger than approximately 20 cm were placed inside plastic bags, 

put on ice, and frozen in the laboratory.  Smaller gag were placed in appropriately-sized vials of 

unfiltered seawater and kept on ice until further processing in the laboratory.  

 

 

2.3.2 The Saint Andrew Bay region 
 

  

The Saint Andrew Bay sites were sampled approximately weekly from May 13 to August 

6 in 2008 and from April 29 to July 21 in 2009 (Table 2.3).  Each site was sampled every 

sampling day; the order of sampling rotated among the sites.  The Saint George Sound collection 

protocol was used with the following exceptions.  (1) The otter trawl was not used.  (2) Distance 

trawled was determined with reference to a surface float at the starting point.  (3) The areas of 

two of the sites (BC and RE) were much smaller than the sites in the Saint George Sound region, 

so some trawls began at the same starting point.  (4) The early juvenile gag captured were 

preserved immediately in 95% ethanol.  
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Table 2.3.  Sampling statistics for the three Saint Andrew Bay sites taken together.   

 

 

 

 

 

 

2.4 Laboratory Processing 

 

 

2.4.1 The Saint George Sound region 

 

 

In the laboratory at the end of a sampling day, each specimen was measured with calipers 

(Fig. 2.5) to the nearest millimeter from the anterior tip of the upper jaw to the end of the last 

vertebra (standard length) and from the anterior tip of the upper jaw to the posterior tip of the tail 

(total length).  During this process, individuals were handled with forceps to prevent damage to 

their fragile bodies.  The fish were then preserved with 95% ethanol and stored for further 

analysis.  At the end of the sampling season, I remeasured each specimen to determine the 

changes in length caused by ethanol preservation.  

 

 

 
  Figure 2.5.  An early juvenile gag being measured for length.  

 

 

 

 

 

 

Sampling season Total trawls 

Average number of trawls per 

sampling day 

2008 108 10.8 

2009 70 10.0 
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2.4.2 The Saint Andrew Bay region 

 

 
For logistic reasons, the Saint Andrew Bay region specimens had to be preserved in 95% 

ethanol in the field before any measurements could be made.  To convert preserved lengths to 

fresh lengths, I used the fresh- and preserved-length data from the Saint George Sound region 

sites to determine a conversion factor. 

 

 

2.4.3 Otolith procedure 

 

 
Otoliths are accretions of aragonite that occur on either side of the brain in fish.  Daily 

rings (Fig. 2.6) form on the otoliths and can be used to determine the age of juveniles (Panella 

1971, Strelcheck et al. 2003).   

 

 

 
Figure 2.6.  A polished otolith from an early juvenile gag.  Each band represents one day of 

growth.  The circular structure at the bottom left of the image is the core of the otolith, which 

was deposited in one day. 

 

 

Fish have three types of otoliths.  I used the lapilli, which are small otoliths found one per 

semicircular canal.  Each lapillus is a mirror image of the other.  To obtain them, I opened the 

skull cavity and extracted both semicircular canals, which I examined under a dissection 

microscope to confirm that the lapilli were present.  I then followed the procedures of Brothers et 

al. (1976) as adapted by Nathaniel Jue (personal communication), which are given below, to 

prepare and view the lapilli.  I analyzed the left lapillus and stored the right as a reserve.    
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Micromesh-cushioned abrasive papers of grades 3200, 3600, and 4000 (in order of 

decreasing coarseness) were used to polish each otolith.  To polish the otolith, I placed the 

lapillus on the tip of my finger, pressed it softly into the abrasive sheet, and moved it with a 

circular motion.  To ensure that polishing was symmetric, this motion was repeated in both 

directions with the same number of rotations each time.  I changed to the next finer grade when 

microscopic examination showed that the appropriate amount of calcium had been removed.  

Otoliths were scored when the earliest growth rings could be seen and the otolith was disc-like.    

Polished otoliths were mounted on microscope slides with Permount (Fisher Scientific) 

and imaged with a Moticam 2500 (Motic) high-resolution microscope camera mounted on a 

Nikon FX-35DX compound microscope.  Daily rings were counted from those images on two 

separate days, and the average of the counts was used.  Because the first daily ring is not formed 

until three days after fertilization (Keener et al. 1988), three days were added to the ring count to 

give the individual’s age. 

 

 

2.5 Analyses 

 

 

2.5.1 Saint George Sound data 

 

 
I obtained the data for the Saint George Sound region by combining the data from the 

Turkey Point Shoal and Lanark Reef sites.  I took the average if a value was available from both 

sites; if not, I used the available value. 

 

 

2.5.2 Number of cohorts and day of fertilization 

 

 
A cohort usually refers to a group of fish that are fertilized during roughly the same time 

period (e.g., Keener et al. 1988, Koenig and Coleman 1998).  Each cohort may show some small, 

within-group age variation but will differ markedly in age when compared to another cohort 

from that particular spawning season.  

 To determine the Julian day on which an individual was fertilized, I first found the age of 

the specimen by counting the daily growth rings present on the otolith and then factoring in the 

three days of growth before otolith formation.  I used the age of the specimen on the day of its 

capture to back-calculate the day of its fertilization.   

 In all statistical tests, I used the two-tailed, 5% significance level and did not correct for 

multiple testing.   
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2.5.3 Abundance 

 

 
To calculate the number of early juvenile gag m

-2
 trawled for a given site on a given day, 

I divided the number collected in all the trawls taken on that day at that site by the total area 

trawled on that day.  For scrape trawls, the variation among trawl lengths was so small that I 

considered each trawl to be 50 m long.  For otter trawls, I used the measured length.  I began 

sampling each year before the early juvenile gag were expected to arrive, based on previous 

work (Koenig et al. 1998).  Thus, I expected to collect no early juvenile gag on the first few 

sampling days.  When calculating averages over a sampling season, I omitted the samples before 

the first and after the last early juvenile gag was caught.  Unless otherwise stated, I used a two-

tailed t-test and did not assume equal variances when comparing the means of two populations. 
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Table 3.1.  Average environmental characteristics for each sampling season.  TP = the Turkey 1 

Point Shoal site, LR = the Lanark Reef site, SAB = average of the St. Andrew Bay Region sites.  2 

SGS = average of the Saint George Sound Region sites.   3 

Site or region and 

sampling season 

Start and end dates 

(Julian day) of 

sampling Duration (d) 

Average 

temperature (°C) 

Average 

salinity 

TP 2007 107, 213  106 27.7 34.5 

TP 2008 108, 204  97 27.3 31.2 

TP 2009 106, 195  90 26.1 26.6 

LR 2008 108, 204  97 27.6 30.6 

LR 2009 106, 195  90 27.0 25.7 

SAB 2008 133, 192  60 27.7 32.5 

SAB 2009 119, 193   75 28.3 28.5 

SGS 2008 108, 204 97 27.4 30.9 

SGS 2009 106, 195 90 26.6 26.4 

 4 
 5 
 6 

3.2 Data on Early Juvenile Gag 7 

 8 

 9 
I collected 232 early juvenile gag; see Table 3.2 for trawling statistics and Appendix A 10 

for all juvenile gag statistics.  In the appendix, I give the date of capture, age, standard length, 11 

damp weight, and date of fertilization for each specimen.  Ten fish could not be processed for 12 

otoliths.  The total number of fish collected and the average values for age and abundance for 13 

each site and sampling season are given in Table 3.2.  14 

  15 
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Table 3.2.  Statistics of the early juvenile gag caught.  TP = the Turkey Point Shoal site, LR = the 16 

Lanark Reef site, SGS = average of the St. George Sound region sites.  SAB = average of the St. 17 

Andrew Bay region sites. 18 

 19 

 20 

 21 

 22 

3.3 Timing 23 

 24 

 25 

3.3.1 How many age cohorts occurred? 26 

 27 

 28 
Table 3.3 lists the site-(or region)-sampling-season combinations I examined.  In all but 29 

two, the plot of abundance versus day of fertilization revealed a single peak, suggesting that a 30 

single age cohort was present, see, e.g., Fig. 3.10.  These peaks had widths that varied from 16 d 31 

to 40 d.  One exception was the trivial case of the Saint Andrew Bay region in the 2009 sampling 32 

season, which could not be analyzed because only a single early juvenile gag was collected.  Of 33 

more interest, the days of fertilization of the early juvenile gag caught at Turkey Point Shoal site 34 

during the 2007 sampling season occurred over 94 d and did not form a convincing peak (Figure 35 

3.11).    36 

 

Site and 

sampling 

season 

Number 

collected 

Julian day 

sampling began 

Julian day of 

first capture 

Average 

abundance 

(gag m
-2

) 

Average age 

at capture (d) 

TP 2007 20 107 142 0.00753 113 

TP 2008 23 108 122 0.00233 73 

LR 2008 5 108 154 0.00045 96 

SGS 2008 28 108 122 0.00139 84.5 

SAB 2008 14 134 134 0.00315 74 

TP 2009 118 105 105 0.00961 91 

LR 2009 41 105 111 0.00371 116 

SGS 2009 159 105 105 0.00666 103.5 

SAB 2009 1 119 119 0.00029 57 



 

 

37 
Figure 3.10.  Number of early juv38 

Shoal site during the 2008 and 2039 

Note that the abscissa consists of40 

 41 

 42 

43 
Figure 3.11. Number of early juv44 

fertilized, showing that the data d45 

of 10-d bins. 46 

22 

juvenile gag versus Julian day of fertilization at th

 2009 sampling seasons, showing the peaked distri

 of 10-d bins. 

uvenile gag versus the Julian day range on which t

a did not form a conspicuous peak.  Note that the a

 
 the Turkey Point 

tribution in each.  

 
h they were 

e abscissa consists 
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Table 3.3.  Selected parameters regarding day of fertilization for each site-(or region)-and-47 

sampling-season combination.  Julian day of fertilization = the dates that the early juvenile gag 48 

were fertilized, determined through otolith daily ring analysis and back-calculation.   49 

 50 

  

 

Julian day of fertilization  

Site or region 

Sampling 

season 

Average 

day of 

fertilization 
Earliest Latest 

Turkey Point 

Shoal  

2007 77.8 17 111 

 2008 79.4 69 87 

 2009 39.8 19 61 

     

Lanark Reef  2008 70.4 63 83 

 2009 33.8 18 53 

     

Saint George 

Sound  

2008 74.9 63 87 

 2009 36.8 18 61 

     

Saint Andrew 

Bay  
2008 

86.4 78 95 

 2009 65 65 65 

  51 

 52 

 53 

 54 

3.3.2 When did fertilization occur? 55 

 56 

 57 

The Julian day of fertilization for the 2008 sampling season differed significantly from 58 

those for the 2009 sampling season at each site and region (Table 3.4). 59 

 60 
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Table 3.4.  Tests for differences in the Julian day of fertilization.  I tested whether the 61 

fertilization date for the 2008-sampling-season data differed significantly from that for the 2009-62 

sampling-season data separately for each site and region.  All differences were significant. 63 

 64 

Comparison 

Julian day of 

fertilization in 

2008 

Julian day of 

fertilization in 

2009 

Difference 

(d) Probability  

Turkey Point site 79.4 39.8 39.6 <0.0001 

Lanark Reef site 70.4 33.8 36.6 <0.0001 

Saint George Sound 

region 

74.9 36.8 38.1 <0.0001 

Saint Andrew Bay 

region 

86.4 65.0 21.4 <0.0001 

 65 

 66 

 67 

 68 

3.4 Abundance 69 

 70 

 71 

3.4.1 Can the otter trawl data be used without correction? 72 

 73 
  74 

 To determine whether the change from the scrape to the otter trawl biased the daily 75 

average abundance data, I examined Figs. 3.11, 3.12, and 3.15.  In each case, the estimates from 76 

the otter trawl samples followed the trend in the estimates from scrape samples, so I used the 77 

otter trawl data without correction. 78 

 79 

 80 

3.4.2 Do daily average abundances differ over a sampling season at a site? 81 

 82 

 83 

For the Turkey Point Shoal site in 2009 (Fig. 3.12), a linear regression of daily average 84 

abundance against Julian day was significant (p < 0.0001), and the adjusted R
2
 value indicated 85 

that the regression explained more than 57% of the variance.  The slope of the regression line 86 

differed significantly from zero (p < 0.0001), so daily average abundances decreased 87 

significantly as the season progressed.  For the other sites and sampling seasons (Figs. 3.13, 3.14, 88 

3.15, and 3.16), the test was not significant.  (Not enough early juvenile gag were caught in the 89 

Saint Andrew Bay Region to allow within-site comparisons.) 90 

 91 



 

 

92 
Figure 3.12.  The daily average a93 

Turkey Point Shoal site during th94 

decrease as the season progressed95 

 96 

  97 

98 

99 
Figure 3.13.  The daily average a100 

Turkey Point Shoal site during th101 

beginning day 141 and were still 102 

the apparent decline, the slope of103 

 104 

 105 

 106 
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       107 
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114 
Figure 3.15.  Daily average abund115 

Reef site during the 2008 samplin116 

juvenile gag were caught between117 
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Figure 3.16.  The daily average a120 
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 124 

3.4.3 Do daily average abund125 

 126 

 127 
Given that daily average a128 

at the Turkey Point Shoal site, a s129 

misleading.  From Fig. 3.12, dail130 
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To test for differences am132 
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Table 3.5.  Abundance statistics.  Gag = early juvenile gag. 136 

 137 

Site or region Sampling season 

Average 

(gag m
-2

) 

Range 

(gag m
-2

) 

Turkey Point Shoal 2007 0.0075 0 to 0.0240 

 2008 0.0041 0 to 0.0114 

 2009 after day 140 0.0029 0 to 0.0060 

Lanark Reef 2008 0.0015 0 to 0.0057 

 2009 0.0033 0 to 0.0100 

St. George Sound 2008 0.0020 0 to 0.0086 

 2009 0.0034 0 to 0.0100 

St. Andrew Bay 2008 0.0035 0 to 0.0067 

 2009 0.0020 

 

undefined 

 138 
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by Koenig and Coleman (1998).  In the 2009 sampling season, I found 0.0029 gag m
-2

 at Turkey 

Point Shoal after Julian day 140 and 0.006 gag m
-2

 at Lanark Reef.  Both values are more than an 

order of magnitude smaller than those found in the 1991 and 2007 sampling seasons.  This result 

is consistent with those of Fitzhugh et al. (2005), Keener et al. (1988), and Ross and Moser 

(1995), who reported large variations at a site among years. 

 

 

4.1.2 Did abundances differ over the sampling season at a site?  

 

 
At the within-site (i.e., 10’s of meters) scale, Koenig and Coleman (1998) found that the 

abundance of late-juvenile gag varied little in the seagrass meadows at Turkey Point Shoal or 

Lanark Reef during the 1991 sampling season.  My results for the Turkey Point Shoal site in the 

2007 and 2008 sampling seasons and for the Lanark Reef site in the 2008 and 2009 sampling 

seasons (Figs. 3.12, 3.13, and 3.15 respectively) also suggest that the abundance of early juvenile 

gag can vary little within a site during a sampling season.   

 In contrast, the abundance of early juvenile gag at the Turkey Point Shoal site in the 2009 

sampling season (Fig. 3.11) on the first day I sampled (Julian day 105) was unexpectedly high 

(compared to the 2007 and 2008 sampling seasons).  It then declined until approximately Julian 

day 140, when the average abundance and variation around it became comparable the values in 

the 2007 and 2008 sampling seasons (see Figs. 3.12, 3.13). 

 I investigated the possibility that environmental stress caused the decline in early juvenile 

gag abundance at the Turkey Point Shoal site early in the 2009 sampling season.  Beginning on 

Julian day 108, temperature rose 8°C in 30 d (Fig. 3.1).  Beginning on Julian day 140, it rose 

11°C in 31 d (Fig. 3.1).  If rising temperature caused the decline in early juvenile gag abundance 

and early juvenile temperature tolerance did not increase with age, the second rise in temperature 

should have also caused a decline, but early juvenile gag abundance was more or less constant 

during the second temperature rise.  Also, the temperature early in the 2007 and 2008 sampling 

seasons (Fig. 3.1) rose at a rate comparable to that early in the 2009 sampling season, but I 

observed no decline in early juvenile gag abundance in those sampling seasons.  In the 2009 

sampling season, salinity both rose and fell by several units during the period of decline (Fig. 

3.3), and oxygen concentrations were high and relatively constant (Fig. 3.5).  Thus, neither 

temperature, salinity, or oxygen increased or decreased before Julian day 140 in a way that 

would implicate them directly in the decline of early juvenile gag abundance.   

   Although my study was not designed to detect interactions of early juvenile gag with 

their natural enemies, such interactions could have been responsible for their decline early in the 

2009 sampling season.  For example, early juvenile gag are thought to shelter from their 

predators in seagrass meadows (see, e.g., Heck et al. 2003, Levin and Hay 2003).  The 

abundances of early juvenile gag in the 2007 and 2008 sampling seasons and in the 2009 

sampling season after Julian day 140 were comparable (Fig. 3.16).  This abundance level may 

indicate the capacity of the Turkey Point Shoal site to shelter early juvenile gag.  If so, when the 

unusually large number of early juvenile gag arrived at the beginning of the 2009 sampling 

season, they could not all be sheltered, and the excess could have been consumed by predators.   

 As an aside, my results appear to reveal something about the robustness of early juvenile 

gag to temperature stress.  In the 2009 sampling season from Julian day 140 to day 171, the 

temperature rose 11°C at the Turkey Point Shoal site (Fig. 3.1), and from Julian day 140 to day 
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168, it rose 13°C at the Lanark Reef site (Fig. 3.2).  Despite these changes, the abundance of 

early juvenile gag at neither site declined detectably.  This pattern suggests that early juvenile 

gag can withstand substantial temperature changes in the field as has been shown in the 

laboratory (see, e.g., Akatsu et al. 1983). 

 

 

4.1.3 Does the abundance of early juvenile gag differ between sites within a 

sampling season? 

 

 
The average abundance of early juvenile gag at the Turkey Point Shoal site at the 

beginning of the 2009 sampling season (Fig. 3.11) was dramatically greater than during the 2007 

and 2008 seasons (Figs. 3.12 and 3.13) or at the Lanark Reef site during the 2008 and 2009 

sampling seasons (Figs. 3.13 and 3.15).  Larval fish populations are known to vary greatly 

among years (Keener et al. 1988), so it is reasonable to suggest that the supply of larval gag was 

much greater in the 2009 than the 2007 or 2008 sampling seasons.  That is, in years when net 

flow is predominantly east to west in Saint George Sound, access to the seagrass meadows is 

relatively unobstructed, but because the early juvenile gag would encounter the Turkey Point 

Shoal site first, they would settle disproportionately there.  When the net flow is predominantly 

from west to east, the topography of the Lanark Reef site (Fig. 2.2) may deflect the flows 

carrying larval gag when they otherwise would have encountered the seagrass meadows of the 

Lanark Reef site first.   

 Alternatively, the Turkey Point Shoal site may have been a better habitat for early 

juvenile gag early in the 2009 sampling season.  If so, the difference is not obvious from my 

environmental data, because temperature and salinity at the Turkey Point Shoal and Lanark Reef 

sites tracked each (Figs. 4.1 and 4.2).  Another possible cause for the decline in 2009 Turkey 

Point Shoal abundance could be interference to the trawl by both seagrass and macroalgae.  Over 

the course of the field season, primary production increases in the two Saint George Sound 

sampling sites.  Koenig and Coleman (1998) report possible changes to trawl size and 

efficiencies due to excessive macroalgae and/or longer seagrass blades, as they both clog the 

trawl and slow it.  If these effects occur, they could have allowed early juvenile gag to evade 

capture.  However, I do not believe this to be an explanation for the decrease in abundance at 

2009 Turkey Point Shoal, as decreasing abundance was not seen in any other site or field season.  

Other possibilities include such things as differences in predator density and in food availability. 
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Alternatively, the difference in salinity between the 2008 and 2009 sampling seasons may 

have diverted early juvenile gag from settling at Saint Andrew Bay.  In their study, Ross and 

Moser (1995) report that larval gag prefer higher salinities upon settlement, and the approximate 

10-point lower salinity found during settlement in 2009 could be responsible for only one 

juvenile gag being captured.  However, data from the Saint George Sound region in 2009 shows 

the same decrease in salinity from 2008 to 2009, while the early juvenile gag abundance actually 

increased significantly in 2009.  This observation proves either that salinity is not a determining 

factor in the settlement of early juvenile or that the interaction of salinity with the other factors 

affecting early juvenile gag is more complicated than expected.   

 Finally, offshore fishing pressures could have disrupted spawning.  For example, males 

could have been fished out of the cohort supplying the Saint Andrew Bay region in 2009 (see, 

e.g., Coleman et al. 1998).  Alternatively, the spawning aggregations supplying the Saint Andrew 

Bay region could have been dispersed because of fishing pressure during that year (see, e.g., 

Randall and Heemstra 1991).  Such factors will need to be incorporated into fisheries models in 

order to predict year-class strengths. 

 

 

4.2 Timing 

 

 

4.2.1 How many age cohorts occurred? 

 

 
In all but two site-(or region)-sampling-season combinations, I found a single peak on the 

graph of number versus Julian day of fertilization, which I interpreted as an age cohort.  The 

analysis of covariance showed that the average day of fertilization in the 2008 sampling season 

differed significantly from that in the 2009 sampling season for each site or region (Table 3.4).  

In all cases, the early juvenile gag I caught in the 2009 sampling season had been fertilized 

earlier in the year than those from the 2008 sampling season.  These results suggest that 

interannual differences that affect the timing of spawning occur at the 100-km scale.  I also 

determined the number of days between the earliest and latest day of fertilization for the Turkey 

Point Shoal and Lanark Reef sites (Table 3.3).  If I assume that each age cohort arose from a 

single spawning event, then the duration of adult spawning aggregations can last from 18 d to 42 

d (Table 3.3). 

 In contrast, during the 2007 sampling season at the Turkey Point Shoal site, the estimated 

fertilization dates of individual early juvenile gag ranged from Julian days 17 to 111, which was 

more than twice as large as the next largest fertilization range.  The lack of a single distinct peak 

and the large range in fertilization dates suggest that the factors controlling the supply of larvae 

to the Turkey Point Shoal site in the 2007 sampling season differed from those of the others I 

studied. 

   The single-age cohorts I observed could occur if the population of adult gag that supplied 

the larvae to a given site spawned over tens of days, and the resulting offspring were transported 

onshore as they were fertilized.  Alternatively if the transport process was episodic and only 

brought larvae that were spawned within a few tens of days of each other to a site, a single cohort 

would be produced.  If the processes described in the previous sentence happened at different 

times during a spawning season, multiple cohorts could be found at a site.  If the adults spawned 
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through the season and the larvae were transported on shore continuously for months, the pattern 

I observed at the Turkey Point Shoal site during the 2007 sampling season could have developed.  

I have no information with which to distinguish among such ideas, but age cohorts appear to be 

an under-appreciated aspect of juvenile gag life history and merit further study. 

 

 

4.2.2 When did fertilization occur? 

 

 
I found that for each site-(or region)-and-sampling-season combination, early juvenile 

gag were fertilized tens of days earlier in the 2009 than the 2008 sampling season (Table 3.4).  In 

both 2008 and 2009, fertilization dates fell within the previously reported spawning range of 

January to April (Hood and Schlieder 1992, Koenig et al. 1996, Koenig and Coleman 1998).  My 

environmental measurements began weeks after fertilization occurred.  When fertilization was 

occurring (~Julian days 63 to 87 in 2008 and 18 to 61 in 2009, Table 3.3), the average 

atmospheric temperature was the same (17.2°C) in both years (Apalachicola, FL; Weather 

Underground historical data), so I have no reason to think that a difference in temperature 

between years could have caused the difference in day of fertilization.  Because day of 

fertilization is a critical feature of gag life history, the cause(s) of its variability will be the 

subject of continued research.  Some factors that have been proposed include the timing of 

seasonal environmental changes and astronomical events that signal spawning (Ross and Moser 

1995).  Determining the reason(s) for yearly variability in day of fertilization will be difficult, 

and I expect that it will require decade-long studies of gag spawning and of parameters that 

might be involved. 
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APPENDIX A 

 

 
 All juvenile gag are given in this appendix in table form.  

 

Serial 

number Site Year 

Day 

collected 

Sampling 

method 

Gag 

weight 

(g) 

Gag 

length 

(cm) Age 

Fertilization 

date 

1 TPS 2007 142 Scrape 2.01 4.69 74 72 

2 TPS 2007 159 Scrape 0.57 3.18 51 111 

3 TPS 2007 163 Scrape 13.69 8.55 131 35 

4 TPS 2007 163 Scrape 1.16 3.77 59 107 

5 TPS 2007 163 Scrape 0.80 3.52 56 110 

6 TPS 2007 180 Scrape 9.21 7.79 120 63 

7 TPS 2007 180 Scrape 29.27 10.89 166 17 

8 TPS 2007 180 Scrape 2.50 4.94 77 106 

9 TPS 2007 191 Scrape 5.76 6.79 105 89 

10 TPS 2007 193 Otter trawl 5.72 6.28 97 99 

11 TPS 2007 193 Otter trawl 14.54 8.80 135 61 

12 TPS 2007 193 Otter trawl 24.12 10.39 159 37 

13 TPS 2007 193 Otter trawl 6.07 6.53 101 95 

14 TPS 2007 193 Otter trawl 6.56 6.95 107 89 

15 TPS 2007 193 Otter trawl 15.91 9.55 146 50 

16 TPS 2007 214 Otter trawl 16.55 9.38 144 73 

17 TPS 2007 214 Otter trawl 11.23 7.88 121 96 

18 TPS 2007 214 Otter trawl 7.89 7.46 115 102 

19 TPS 2007 214 Otter trawl 14.60 8.96 137 80 

20 TPS 2007 214 Otter trawl 20.97 10.14 155 62 

21 TPS 2008 126 Scrape 0.12 1.70 50 79 

22 TPS 2008 128 Scrape 0.14 2.26 45 86 

23 TPS 2008 128 Scrape 0.12 2.25 47 84 

24 TPS 2008 128 Scrape 0.17 2.37 53 78 

25 TPS 2008 133 Scrape 1.45 4.64 56 80 

26 TPS 2008 142 Scrape 1.81 4.25 70 75 

27 TPS 2008 142 Scrape 0.61 2.91 72 73 

28 TPS 2008 148 Scrape 1.41 4.18 64 87 

29 TPS 2008 148 Scrape 1.73 4.37 76 75 

30 TPS 2008 149 Scrape 1.71 4.50 79 73 

31 TPS 2008 152 Scrape 0.93 3.71 71 84 

32 TPS 2008 152 Scrape 2.56 5.01 78 77 

33 TPS 2008 154 Scrape 9.89 7.62 81 76 

34 TPS 2008 156 Scrape 4.61 6.23 77 82 
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35 TPS 2008 159 Scrape 4.81 6.01 93 69 

36 TPS 2008 159 Scrape 3.83 5.74 82 80 

37 TPS 2008 159 Scrape 5.52 6.17 88 74 

38 TPS 2008 159 Scrape 5.35 6.30 79 83 

39 TPS 2008 162 Scrape 6.12 7.09 85 80 

40 TPS 2008 162 Scrape 4.27 5.86 87 78 

41 TPS 2008 169 Scrape 7.01 7.04 93 79 

42 TPS 2008 169 Scrape 8.04 7.46   

43 TPS 2008 177 Scrape 16.35 9.28 86 94 

44 LR 2008 154 Scrape 0.85 3.41 84 73 

45 LR 2008 159 Scrape 5.70 6.67 95 67 

46 LR 2008 159 Scrape 6.68 6.90 99 63 

47 LR 2008 162 Scrape 7.09 7.05 82 83 

48 LR 2008 184 Scrape 25.13 10.21 121 66 

49 SAB 2008 134 Scrape 0.11 2.05 46 91 

50 SAB 2008 134 Scrape 0.05 1.48 54 83 

51 SAB 2008 143 Scrape 0.15 2.39 54 92 

52 SAB 2008 149 Scrape 0.56 3.76 65 87 

53 SAB 2008 149 Scrape 0.52 3.65 67 85 

54 SAB 2008 149 Scrape 0.48 3.88 64 88 

55 SAB 2008 156 Scrape 0.90 4.45 72 87 

56 SAB 2008 156 Scrape 0.64 3.88 64 95 

57 SAB 2008 156 Scrape 0.10 2.05 80 79 

58 SAB 2008 169 Scrape 7.83 8.55 86 86 

59 SAB 2008 169 Scrape 4.23 7.30 88 84 

60 SAB 2008 169 Scrape 3.35 7.07 82 90 

61 SAB 2008 176 Scrape 2.47 6.04 95 84 

62 SAB 2008 193 Scrape 18.89 13.11 118 78 

63 TPS 2009 106 Scrape 0.21 1.70 58 51 

64 TPS 2009 106 Scrape 0.20 1.65 48 61 

65 TPS 2009 106 Scrape 0.17 1.50 53 56 

66 TPS 2009 106 Scrape 0.19 1.70 55 54 

67 TPS 2009 106 Scrape 0.12 1.40 54 55 

68 TPS 2009 106 Scrape 0.19 1.75 61 48 

69 TPS 2009 106 Scrape 0.18 1.70 63 46 

70 TPS 2009 106 Scrape 0.18 1.60 59 50 

71 TPS 2009 106 Scrape 0.16 1.50 59 50 

72 TPS 2009 106 Scrape 0.15 1.40 52 57 

73 TPS 2009 106 Scrape 0.08 1.20 61 48 

74 TPS 2009 106 Scrape 0.18 1.60 67 42 

75 TPS 2009 106 Scrape 0.25 1.90 58 51 

76 TPS 2009 107 Scrape 0.11 1.40 55 55 

77 TPS 2009 107 Scrape 0.16 1.90 55 55 



 

44 

 

78 TPS 2009 107 Scrape 0.17 1.70 59 51 

79 TPS 2009 107 Scrape 0.12 1.40 60 50 

80 TPS 2009 107 Scrape 0.24 1.85 58 52 

81 TPS 2009 107 Scrape 0.16 1.70 65 45 

82 TPS 2009 107 Scrape 0.23 1.90 60 50 

83 TPS 2009 107 Scrape 0.19 1.80 61 49 

84 TPS 2009 111 Scrape 0.27 1.95 70 44 

85 TPS 2009 111 Scrape 0.35 2.15 74 40 

86 TPS 2009 111 Scrape 0.26 1.80 65 49 

87 TPS 2009 111 Scrape 0.41 2.30 79 35 

88 TPS 2009 111 Scrape 0.20 1.65 64 50 

89 TPS 2009 113 Scrape 0.23 1.85 76 40 

90 TPS 2009 113 Scrape 0.28 2.00 65 51 

91 TPS 2009 113 Scrape 0.31 2.00 67 49 

92 TPS 2009 113 Scrape 0.58 2.80 78 38 

93 TPS 2009 113 Scrape 0.35 2.30 72 44 

94 TPS 2009 113 Scrape 0.31 2.15 73 43 

95 TPS 2009 114 Scrape 0.61 2.70 74 43 

96 TPS 2009 114 Scrape 0.56 2.60 77 40 

97 TPS 2009 114 Scrape 0.40 2.20 81 36 

98 TPS 2009 114 Scrape 0.36 1.95 81 36 

99 TPS 2009 117 Scrape 0.84 2.95 79 41 

100 TPS 2009 117 Scrape 0.47 2.60 81 39 

101 TPS 2009 117 Scrape 0.39 2.40 79 41 

102 TPS 2009 117 Scrape 0.27 1.80 84 36 

103 TPS 2009 117 Scrape 0.57 2.60 74 46 

104 TPS 2009 117 Scrape 0.56 2.70 80 40 

105 TPS 2009 117 Scrape 0.43 2.50 70 50 

106 TPS 2009 122 Scrape 0.88 3.15 93 32 

107 TPS 2009 122 Scrape 1.18 3.40 80 45 

108 TPS 2009 122 Scrape 1.12 3.35 91 34 

109 TPS 2009 122 Scrape 1.80 4.15 97 28 

110 TPS 2009 122 Scrape     

111 TPS 2009 122 Scrape 0.96 3.30 87 38 

112 TPS 2009 122 Scrape 0.67 2.85 81 44 

113 TPS 2009 122 Scrape 0.57 2.70 88 37 

114 TPS 2009 122 Scrape 1.14 3.60 92 33 

115 TPS 2009 122 Scrape 1.00 3.35 96 29 

116 TPS 2009 122 Scrape 1.10 3.55 88 37 

117 TPS 2009 122 Scrape 1.19 3.75 98 27 

118 TPS 2009 122 Scrape 1.22 3.70 90 35 

119 TPS 2009 122 Scrape 1.00 3.35 101 24 

120 TPS 2009 122 Scrape 0.61 2.80 79 46 
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121 TPS 2009 122 Scrape 1.35 3.80 89 36 

122 TPS 2009 122 Scrape 1.14 3.60 78 47 

123 TPS 2009 124 Scrape 2.10 4.60 86 41 

124 TPS 2009 124 Scrape 1.76 4.25 88 39 

125 TPS 2009 124 Scrape 1.71 4.10 84 43 

126 TPS 2009 124 Scrape 1.24 3.60 89 38 

127 TPS 2009 124 Scrape 1.21 3.70 91 36 

128 TPS 2009 124 Scrape 0.61 2.80 75 52 

129 TPS 2009 124 Scrape 0.80 3.20 91 36 

130 TPS 2009 124 Scrape 0.93 3.30 88 39 

131 TPS 2009 124 Scrape 1.07 3.50 82 45 

132 TPS 2009 124 Scrape 0.71 3.05 92 35 

133 TPS 2009 126 Scrape 1.44 3.80 90 39 

134 TPS 2009 126 Scrape 0.97 3.40 95 34 

135 TPS 2009 126 Scrape 1.79 4.25 92 37 

136 TPS 2009 126 Scrape 0.31 2.10 83 46 

137 TPS 2009 126 Scrape 1.59 4.00 96 33 

138 TPS 2009 126 Scrape 1.20 3.60 88 41 

139 TPS 2009 126 Scrape 0.87 3.25 93 36 

140 TPS 2009 127 Scrape 1.09 3.30 93 37 

141 TPS 2009 127 Scrape 1.52 4.25 98 32 

142 TPS 2009 127 Scrape 1.75 3.95 107 23 

143 TPS 2009 127 Scrape 1.29 3.75 91 39 

144 TPS 2009 127 Scrape 0.47 2.40 77 53 

145 TPS 2009 127 Scrape 0.28 2.15 82 48 

146 TPS 2009 127 Scrape 1.36 3.65 91 39 

147 TPS 2009 133 Scrape 2.77 5.00 96 40 

148 TPS 2009 133 Scrape 3.76 5.45 100 36 

149 TPS 2009 133 Scrape 3.68 5.25 102 34 

150 TPS 2009 133 Scrape 2.76 4.85 105 31 

151 TPS 2009 133 Scrape 3.82 5.70 113 23 

152 TPS 2009 137 Scrape 5.65 6.00 117 23 

153 TPS 2009 137 Scrape 1.25 3.50 121 19 

154 TPS 2009 137 Scrape 3.90 5.40 107 33 

155 TPS 2009 137 Scrape 4.53 5.70 109 31 

156 TPS 2009 137 Scrape 4.72 5.90 115 25 

157 TPS 2009 137 Scrape 3.75 5.60 103 37 

158 TPS 2009 137 Scrape 4.33 5.60 101 39 

159 TPS 2009 137 Scrape 4.39 5.50 116 24 

160 TPS 2009 148 Scrape 10.77 8.00 123 28 

161 TPS 2009 148 Scrape 5.31 6.40 108 43 

162 TPS 2009 152 Scrape 8.87 7.40 125 30 

163 TPS 2009 152 Scrape 12.27 8.15 122 33 
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164 TPS 2009 154 Scrape 13.80 8.35 134 23 

165 TPS 2009 160 Scrape 7.08 6.85 132 31 

166 TPS 2009 162 Scrape 20.78 9.75 125 40 

167 TPS 2009 162 Scrape 18.76 9.20 127 38 

168 TPS 2009 162 Scrape 24.08 10.10 133 32 

169 TPS 2009 164 Scrape 24.79 10.20 127 40 

170 TPS 2009 166 Scrape 11.03 7.80 131 38 

171 TPS 2009 168 Otter trawl 37.72 11.60 131 40 

172 TPS 2009 168 Otter trawl 28.89 10.50 128 43 

173 TPS 2009 168 Otter trawl 23.50 10.25 139 32 

174 TPS 2009 168 Otter trawl 13.41 8.45 137 34 

175 TPS 2009 168 Otter trawl 23.63 10.10 135 36 

176 TPS 2009 170 Otter trawl 21.88 9.85 134 39 

177 TPS 2009 172 Otter trawl 40.25 11.55 143 32 

178 TPS 2009 178 Otter trawl 14.02 8.30 153 28 

179 TPS 2009 178 Otter trawl 18.23 9.00 131 50 

180 TPS 2009 196 Otter trawl 75.82 14.70 163 36 

181 LR 2009 111 Scrape 0.35 2.30 67 47 

182 LR 2009 111 Scrape 0.39 2.40 83 31 

183 LR 2009 113 Scrape 0.33 2.00 77 39 

184 LR 2009 113 Scrape 0.30 2.00 69 47 

185 LR 2009 113 Scrape 0.27 2.05 78 38 

186 LR 2009 117 Scrape 0.43 2.40 75 45 

187 LR 2009 117 Scrape 0.33 2.10 82 38 

188 LR 2009 122 Scrape 0.89 3.40 96 29 

189 LR 2009 124 Scrape 0.80 3.00 82 45 

190 LR 2009 126 Scrape 1.99 4.55 96 33 

191 LR 2009 126 Scrape 1.70 4.15 87 42 

192 LR 2009 126 Scrape 2.32 4.70 107 22 

193 LR 2009 127 Scrape 1.86 4.20 101 29 

194 LR 2009 127 Scrape 1.13 3.50 99 31 

195 LR 2009 133 Scrape 2.85 5.00 106 30 

196 LR 2009 137 Scrape 5.44 6.20 122 18 

197 LR 2009 137 Scrape 0.88 3.30 95 45 

198 LR 2009 137 Scrape 0.79 3.10 87 53 

199 LR 2009 137 Scrape 1.64 3.90 106 34 

200 LR 2009 137 Scrape 4.97 5.90 115 25 

201 LR 2009 148 Scrape 6.39 6.45 109 42 

202 LR 2009 152 Scrape 14.37 8.30 126 29 

203 LR 2009 152 Scrape 15.92 8.80 129 26 

204 LR 2009 154 Scrape 11.95 8.10 132 25 

205 LR 2009 154 Scrape 4.78 5.95 135 22 

206 LR 2009 164 Scrape 22.90 9.95 117 50 
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207 LR 2009 168 Otter trawl 23.81 10.05 130 41 

208 LR 2009 168 Otter trawl 31.57 10.80 153 18 

209 LR 2009 168 Otter trawl 18.89 9.15 134 37 

210 LR 2009 170 Otter trawl 37.73 11.55 139 34 

211 LR 2009 170 Otter trawl 36.80 11.50 141 32 

212 LR 2009 170 Otter trawl 20.15 9.70 144 29 

213 LR 2009 176 Otter trawl 60.03 13.35 135 44 

214 LR 2009 176 Otter trawl 46.73 12.20 148 31 

215 LR 2009 178 Otter trawl 37.64 11.60 143 38 

216 LR 2009 178 Otter trawl 59.09 13.40 155 26 

217 LR 2009 178 Otter trawl 53.52 13.35 159 22 

218 LR 2009 179 Otter trawl 34.61 11.55 152 30 

219 LR 2009 179 Otter trawl 30.99 11.30 146 36 

220 LR 2009 179 Otter trawl 46.21 12.15 161 21 

221 LR 2009 179 Otter trawl 73.20 14.25 152 30 

222 SAB 2009 119 Scrape 0.14 2.17 57 62 
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