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(ABSTRACT) 
 

Red porgy Pagrus pagrus is a reef fish important to both recreational and commercial 

fisheries off the coast of the southeastern United States.  Stock assessments performed on this 

species since 1985 have shown a population in decline.  As a result, a number of management 

actions were put in place, including a harvest moratorium in 1999.  Stock assessments for many 

marine species, including red porgy, rely on a combination of fishery-dependent and fishery-

independent data.  When a moratorium is in place, the flow of fishery-dependent data is 

interrupted, making assessments more reliant on fishery-independent information.   

To investigate how loss of fishery-dependent data, as during a moratorium, would affect 

stock assessment results for red porgy, I conducted model simulations to represent moratoria of 

various durations.  The most recent red porgy stock assessment model developed during a 2002 

workshop was used as a tool in these simulations.  I found that biological reference points, such 

as biomass and fishing mortality, and population projections were more variable for longer 

simulated moratoria.  When fishery-dependent data were removed, minor fluctuations in length 

and age frequencies resulted in larger fluctuations in estimates of biological reference points.  

The simulated moratoria also resulted in a slight bias toward over-estimating stock productivity.  

 Similar simulations and analyses were conducted to determine the effects of reducing 

fishery-independent data from the Marine Resources Monitoring, Assessment, and Prediction 
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(MARMAP) program.  Length and age data of reduced MARMAP sample sizes were 

bootstrapped from original data, and used as input for the stock assessment model.  Biological 

reference points and population projections were more variable for small MARMAP sample 

sizes, due to the incomplete representation of the length and age frequencies of the population.  

Reduced sample sizes also showed a slight bias toward predicting a more productive population.  

These types of simulations emphasize the benefits of investigating potential effects of data 

reduction on assessment results prior to implementing management strategies, such as a 

moratorium or sampling change, that cause data loss.  

Although decreasing red porgy data resulted in slight changes in assessment results, there 

are more data available for this species than other species in the snapper-grouper complex.  For 

these lesser-studied species, reducing data could dramatically affect assessment capabilities.  To 

investigate this, I compiled available data for these species and identified the stock assessment 

method used.  I then predicted assessment capabilities for each species under a moratorium and if 

the MARMAP survey was eliminated.  A moratorium could reduce assessment capabilities for 

37 of the 73 species, and 63 species would require management based on key species.  Removing 

MARMAP data would reduce assessment capabilities of eight species, many of which are 

economically important.  There was an overwhelming need for a reliable catch-per-effort index, 

information that could improve assessment capabilities of 67 species.  This index could be 

obtained by expanding the MARMAP survey, from a fishery observer program, or from 

commercial logbooks.  By linking the red porgy stock assessment, an evaluation of sampling 

regimes and data loss during a moratorium, and the expansion of this stock assessment strategy 

to multiple species, managers will ultimately benefit from increased ability to manage stocks 

experiencing varying regulations and data availability.   
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CHAPTER 1—STOCK ASSESSMENT OF RED PORGY 
 

Introduction 

For a fish species that is the target of commercial or recreational harvest, a large portion 

of the information available on its population status is a direct result of harvest.  When harvest 

restrictions are in place, fishery-dependent data are altered or reduced, and new methods may be 

required to assess the status of the stock.  Under a moratorium, harvest ceases completely and 

assessments become heavily reliant on fishery-independent data.  A number of fisheries have 

already had to deal with these circumstances.  In 1994, Virginia imposed a moratorium on 

harvesting American shad Alosa sapidissima in coastal rivers (Olney and Hoenig 2001), 

drastically decreasing the data available for use in population estimation.  In a similar case, 

striped bass Morone saxatilis harvest was eliminated during a six-year moratorium in Maryland 

(Jensen 1993).  In both instances, the lack of fishery-dependent data led to alterations of 

sampling methods and stock assessment strategies (Jensen 1993; Olney and Hoenig 2001). 

Harvest moratoria, both total and partial (i.e., closed seasons or prohibited gear types), 

are increasingly prevalent in marine fisheries when other management actions are unsuccessful.  

A large number of fisheries have closed seasons, especially during spawning.  The 

implementation of a total moratorium, though less frequent due to the economic consequences of 

completely closing a fishery (Thunberg et al. 1993), may sometimes be the only remaining 

option for population rebuilding.  For example, after other management actions had failed to 

improve the population status, moratoria were instituted for Atlantic cod Gadus morhua (Myers 

et al. 1997; Woodrow 1998), and red porgy Pagrus pagrus (Vaughan and Prager 2002).  
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Red Porgy Biology 

One species of management concern off the coast of the southeastern United States from 

North Carolina to Florida (the South Atlantic Bight; Figure 1.1) is the red porgy Pagrus pagrus.  

This reef-associated fish in the family Sparidae is an important resource for commercial and 

recreational fisheries (Huntsman et al. 1978; Manooch et al. 1981; Low et al. 1985).  Red porgy 

have an extensive native range and inhabit coastal waters on both sides of the Atlantic Ocean in 

the northern and southern hemispheres (Grimes et al. 1982; Pajeulo and Lorenzo 1996; 

Labropoulou et al. 1999; Hood and Johnson 2000).  Red porgy have a patchy distribution off the 

southeastern United States due to their association with live bottom sponge or coral reef habitats 

on rocky outcroppings (Grimes et al. 1982).  This habitat type accounts for approximately 1.7% 

of the total bottom area of the region (Figure 1.2; Parker et al. 1983).  The distribution of red 

porgy off the southeastern United States, while patchy, appears to represent a single population 

with little long-range migration or extensive movement occurring, confirmed by tagging studies 

(Grimes et al. 1982; Parker 1990). 

Adult red porgy are found most often at depths of 20 to 200 m (Manooch and Huntsman 

1977) and are crepuscular feeders on fish, mollusks, and crustaceans (Grimes et al. 1982; 

Labropoulou et al. 1999).  Juvenile red porgy tend to inhabit shallow, near-shore areas between 

20 and 50 m in depth.  These juveniles utilize a different prey source than the adults, feeding 

primarily on decapods (Labropoulou et al. 1999), suggesting an ontogenetic shift in both prey 

type and habitat use between juvenile and adult stages (Werner 1979). 

Red porgy are protogynous hermaphrodites, with females dominating the smaller size 

classes, although males occur at all ages (Manooch 1976).  Females generally reach maturity 

from age-1 to age-2 at approximately 300 mm total length (Hood and Johnson 2000).  Egg 
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production ranges from approximately 49,000 eggs for a 304 mm female to 490,000 eggs for a 

516 mm female (Manooch 1976).  After a few years as a mature female, ovarian tissue begins to 

regress and testicular tissue forms in the fish.  The majority of red porgy age-5 and older are 

mature males (Hood and Johnson 2000), and the oldest recorded red porgy was 18 years old 

(SAFMC 2002).  Peak spawning occurs from March to April (Manooch 1976), and maximum 

growth of adults occurs from mid-March to November (Manooch and Huntsman 1977).  Red 

porgy eggs and larvae are pelagic and can survive extended periods of transport by ocean 

currents (Manooch 1976).  Some mixing with other red porgy populations, particularly the Gulf 

of Mexico population, may occur during egg and larval drift stages.  However, the populations in 

the Gulf of Mexico and the south Atlantic are considered to be separate stocks and are therefore 

managed separately (SAFMC 2002). 

As a hermaphroditic species, red porgy may be more susceptible to overharvest than a 

gonochoristic species, since a size-specific harvest would selectively remove one sex (Bannerot 

et al. 1987; Shapiro 1987).  Such was the case for graysby Cephalopholis cruentata, a 

protogynous grouper for which harvest had selectively removed males from the population 

(Huntsman and Schaaf 1994).  A simulation of fishing mortality on this graysby population 

showed that the stock was more susceptible to overharvest after males were removed due to the 

decreased overall fecundity of the population (Huntsman and Schaaf 1994).  Similarly, it has 

been suggested that red porgy populations could potentially become sperm-limited if a large 

number of males were removed (Hood and Johnson 2000).  
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Red Porgy Harvest 

Red porgy have been harvested extensively in three major fisheries:  commercial, 

recreational, and a fishery comprised of large-scale charter boats called headboats (Harris and 

McGovern 1997).  Currently, all three fisheries use mainly hook-and-line gear.  Traps are also 

used to a lesser extent (less than 5% of the annual harvest; Vaughan and Prager 2002).  

Historically, red porgy also were harvested using trawls.  No one of these gear types is capable 

of targeting a particular species, and none of the fisheries targets specifically red porgy.  

Therefore, the catch in this multispecies fishery contains a wide variety of temperate reef fishes 

(Chester et al. 1984).   

In the early 1970’s, red porgy harvest was primarily from headboats (Figure 1.3), with 

mean annual harvest of 240 metric tons (mt) of red porgy accounting for 50% to 80% of the 

annual harvest (Huntsman et al. 1978; Manooch et al. 1981).  During the late 1970’s, there was a 

dramatic increase in commercial harvest of red porgy, from 90 mt in 1975 to a peak harvest in 

1982 of 730 mt (1.13 million fish), which accounted for 80% of that year’s harvest (Vaughan and 

Prager 2002).  During this time, recreational and headboat fishing pressure decreased slightly, 

together accounting for less than 180 mt of annual harvest (Vaughan et al. 1992).  In the early 

1980’s, the stock began showing signs of a decline, including a decrease in landings (Figure 1.4), 

a 15% decrease in mean weight of individual fish, and a drastic drop in catch-per-effort 

(Vaughan et al. 1992; Harris and McGovern 1997; Parker and Dixon 1998).  As the initial stock 

decline became evident, the commercial fishery voluntarily changed gear from trawl to hook-

and-line and trap.  Trawling for red porgy was officially prohibited in 1989 (Table 1.1) by the 

South Atlantic Fisheries Management Council (SAFMC), the agency tasked with managing red 
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porgy and other commercially or recreationally important marine fish in the Atlantic Ocean off 

the coast of North Carolina, South Carolina, Georgia, and eastern Florida.   

During the 1990’s, landings began to decline at a faster rate (Figure 1.4; Vaughan and 

Prager 2002).  Since overall fishing effort remained relatively constant during this time period 

(Parker and Dixon 1998), this decrease in landings indicated a decreasing red porgy population 

size.  In an attempt to prevent further population decline, a 305 mm minimum size limit was 

instituted for the commercial, recreational, and headboat fisheries in 1992 (Table 1.1; SAFMC 

1991).  Landings continued to decline, and other red porgy population characteristics also 

suggested an overharvested population.  Stock assessments indicated that size-at-age had 

decreased significantly over the past 25 years (Harris and McGovern 1997).  The mean size of 

red porgy harvested commercially had also decreased, from 1.3 kg mean weight in 1972 to 0.7 

kg mean weight in 1998 (Vaughan and Prager 2002).  This reduction in mean size is a common 

occurrence in overfished populations (Ricker 1981; Parma and Deriso 1990).  Other changes in 

the red porgy population were a decrease in size-at-maturity (caused by selection for earlier 

maturing fish) and a decrease in size-at-protogynous-transition (caused by the removal of a large 

number of males from the population), both indicative of overharvest (Harris and McGovern 

1997). 

In 1999, the minimum size limit was raised to 356 mm in an effort to further reduce the 

fishing mortality on this population (Table 1.1).  However, stock assessments showed a 

continued decline in the red porgy stock (Vaughan and Prager 2002), such that an emergency 

moratorium was put into place in September 1999, prohibiting the possession or sale of red 

porgy.  Due to debate on the actual severity of the red porgy population decline and uncertainty 

surrounding the stock assessment, the moratorium was relaxed in August 2000 with Amendment 
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12 (SAFMC 2000).  This regulation included a spawning season closure for the commercial 

fishery from January to April, a bag limit of 1-fish per person for recreational and headboat 

fisheries, and a commercial bycatch allowance of 22.7 kg per trip (Table 1.1; SAFMC 2000).  

 

A Multispecies Fishery 

 The commercial and recreational fisheries do not target or catch only red porgy, and 

therefore the other species in this community must also be considered when assessing the red 

porgy population.  Also inhabiting the mid-shelf region (depths of 30-m to 100-m) with red 

porgy, and caught by the same fishery, are vermilion snapper Rhomboplites aurorubens, red 

snapper Lutjanus campechanus, and gray triggerfish Balistes capriscus (Zhao et al. 1997; Potts 

et al. 1998).  Off the coast of South Carolina, the mid-shelf community also includes red hind 

Epinephelus adscensionis, rock hind E. guttatus, speckled hind E. drummondhayi, scamp 

Mycteroperca phenax, and knobbed porgy Calamus nodosus (Chester et al. 1984).  The fishing 

pressure in the species complex has remained relatively constant over time (Parker and Dixon 

1998), so fishing mortality for each species is a function of the abundance of that species and the 

abundance of other species in the complex.  For example, as the population of red porgy 

declined, catch-per-effort of vermilion snapper increased, possibly resulting from vermilion 

snapper benefiting from an open ecological niche (Collins and Sedberry 1991).   

As in any multispecies fishery, bycatch and release mortality are important issues. 

Release mortality was estimated for red porgy captured and returned to depth in cages for a 

period of 24 hr (Collins 1996).  At a capture depth of 36 m release mortality was 8%, and at 46  

54 m, release mortality was 35%.  Other observations suggest that release mortality approaches 

100% in deeper water (Jennifer Potts, NMFS-Beaufort, personal communication).  For red 
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porgy, a release mortality of 35% was estimated for the commercial fishery, and a release 

mortality of 8% was estimated for the recreational fishery in shallower water.  However, it is 

important to note that the commercial fishery often catches fish in water deeper than 54 m, so 

release mortality in these areas will be much greater.  For this reason, many fishermen are 

expressing concern over the current regulations for red porgy (Table 1.1), particularly with 

respect to the 22.7 kg bycatch allowance.  They argue that any red porgy caught after the trip 

limit has been reached will die anyway due to the high release mortality of fish caught in deep 

water.  Many fishermen therefore advocate an increased bycatch allowance for red porgy 

(SAFMC 2002).   

During periods of strict regulations, like the red porgy moratorium, release mortality in a 

multispecies fishery makes it difficult to estimate what proportion of the population is actually 

being protected by the regulation.  With no red porgy being landed and no fisheries observer 

program in the south Atlantic to estimate red porgy bycatch, there was no estimate of catch for 

this species.  Also, there was no estimate of mortality from bycatch, since there were no 

observers, and boats are not required to report fishing depth.  Commercial fishermen are able to 

avoid specific reef sites with known high proportions of red porgy, but at other reef sites 

fishermen are unable to select or avoid specific fish.  At these sites, all red porgy were to be 

released during the moratorium, but the high release mortality in deep-water areas means that a 

large number of the fish “protected” by the moratorium did not survive. 

These issues have led to the idea of ecosystem-based fisheries management, where a 

multispecies fishery is managed as a unit, rather than by individual species (Collie and Gislason 

2001).  This management approach attempts to consider the ecological interactions among 

species (i.e., predation and competition).  However, this more realistic approach requires a more 
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complex model and additional data, often from fishery-independent surveys (Latour et al. 2003).  

Developing a multispecies assessment model is a difficult task, since adequate data are often 

only available for the most abundant species in a fishery. 

 

Red Porgy Catch Statistics 

 Red porgy is a relatively well-studied species, with three decades of information 

available.  The majority of these data are a direct result of harvest.  Landings from the 

commercial fishery are available since 1972 and include the number and/or weight of fish 

harvested.  Fish are sampled from commercial creels for measurement of length and age (Table 

1.2; Low et al. 1985).  In addition to the commercial fishery, recreational and headboat fisheries 

also contribute useful information to stock assessments.  The National Marine Fisheries Service 

(NMFS) has conducted an annual survey of recreational fishing in charter boats and private boats 

since 1979 to provide estimates of the number of fish harvested, fish lengths and weights, and 

recreational fishing effort (MRFSS 2003).  This survey, known as the Marine Recreational 

Fishing Statistics Survey (MRFSS), allows for the determination of changes in fishing pressure 

due to management regulations such as bag limits and size limits, although this determination is 

often limited by very small sample sizes.  Data from separate surveys of the headboat fishery 

include estimates of number of fish harvested, length, weight, and age (Table 1.2; Huntsman et 

al. 1978).  Headboat fishery statistics are available for North Carolina and South Carolina since 

1972, Georgia and northeast Florida since 1976, and southeast Florida since 1981 (Vaughan and 

Prager 2002).  Logbooks from headboats also provide information on fishing location and effort, 

used for determining a headboat catch-per-effort index (Manooch et al. 1981).   
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Although red porgy harvest data contain large sample sizes and a relatively long time 

series, there are a number of problems associated with this information source.  Harvest statistics 

have been affected by frequent changes in regulations, economics, technology, and gear 

improvement (Collins 1990) that may cause difficulties in comparing landings, catch-per-effort, 

or fish size among years (Goodyear 1995).  Also, harvest data have inherent biases due to the 

nature of the fishery, which attempts to maximize catch, selects fishing areas non-randomly, and 

targets larger size classes of fish.  

In an attempt to compensate for some of the biases inherent in harvest data, NMFS 

instituted the Marine Resources Monitoring, Assessment, and Prediction (MARMAP) program 

in 1979.  This annual survey, conducted by the South Carolina Department of Natural Resources, 

collects fishery-independent data on a variety of reef fishes in waters from North Carolina to 

Florida (Harris and McGovern 1997).  The MARMAP program uses standardized gear types and 

known amounts of effort to allow for more precise comparisons among years (Collins 1990).  

From a database of 2,500 known live-bottom reef sites in the region, 300 to 400 sites are 

annually selected at random for sampling, yielding data with more homogeneous bias than 

harvest data (Harris and McGovern 1997).  Sampling of randomly selected sites occurs between 

May and August using a variety of gear types.  Florida snapper traps, blackfish traps, and hook-

and-line gear were used consistently for red porgy and other temperate reef fishes from 1981 to 

1987 (Collins 1990).  Chevron traps have been used since 1990, as they were shown to increase 

species diversity, size range, and quantity of the catch, as compared to previously used gears 

(Collins 1990).   

The MARMAP survey collects a large amount of data, including fish length, weight, and 

age (Table 1.2).  Gonads are removed to determine sex, fecundity, and level of maturation.  A 
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catch-per-effort index is also calculated for each gear type.  The MARMAP program is 

extremely useful in stock assessment because standardized gears are used with known efforts in 

documented locations, a statistically valid experimental design that facilitates comparisons 

among years, areas, and gear types (Collins and Sedberry 1991).  However, the MARMAP 

survey does not provide information on harvest, and the survey’s sampling methods are 

inherently different from fishery-dependent sources.  Therefore, MARMAP data cannot serve as 

an absolute substitute for fishery-dependent information in existing stock assessment strategies.  

Also, MARMAP sample sizes are much smaller than those from fishery-dependent sources, 

particularly with regard to length frequency data (Table 1.2). 

In a highly restricted or closed fishery where fishery-dependent data are lacking, 

information from the MARMAP survey (or other fishery-independent sources) may be the only 

data available to managers.  This decreased amount of data, compared to data available during a 

harvest, could affect results of the stock assessment, including estimation of the benchmarks 

used in management.  Also, it is unknown what effect MARMAP sample size has on stock 

assessment results and how altering this data source would affect assessment capabilities and 

results.  It is important to understand how to best utilize this source of fishery-independent data 

in assessments of red porgy and other species, both in unrestricted and heavily restricted 

fisheries. 

 

The Snapper-Grouper Complex 

For other species caught in the multispecies fishery, data availability varies.  The 

SAFMC assigns species to assessment levels based on the amount of information available to 

derive maximum sustainable yield (MSY) estimates (Table 1.3).  Level I is based on the greatest 
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amount of information (landings, catch-per-effort index, age structure for each gear, discard 

mortality, and life history information) and Level V is based on the least amount of information 

(only landings).  Species in the snapper-grouper complex managed by the SAFMC range in data 

availability from Level I to Level V (Table 1.4).  Out of 73 total species in the complex, red 

porgy is one of only three species in Level I.  Fifty-three of the species are in Level V, where 

assessments and management decisions are based entirely on trends in landings data, and 

quantitative estimates of biomass and fishing mortality are not possible to calculate (Table 1.3; 

SAFMC 2001).   

Of the other species that inhabit the mid-shelf region with red porgy (vermilion snapper, 

red snapper, gray triggerfish, red hind, rock hind, speckled hind, scamp, and knobbed porgy), 

data availability ranges from Level II to Level V (Table 1.4).  To determine when current fishing 

mortality exceeds a maximum fishing mortality threshold (MFMT), the SAFMC refers to a stock 

as “undergoing overfishing”.  All of these species except scamp and knobbed porgy have an 

estimated current fishing mortality that exceeds MSY levels and are therefore undergoing 

overfishing.  The SAFMC uses the designation “overfished” to represent stocks for which the 

biomass is reduced below a minimum stock size threshold (MSST).  Red snapper and speckled 

hind are also designated as overfished, with biomass depleted below the biomass needed to 

produce MSY.  In the entire complex, 19 species (26%) are overfished (Table 1.4; SAFMC 

2001).  Thirty-eight species (52%) in the complex are undergoing overfishing (SAFMC 2001), 

and fourteen species (19%) are both overfished and undergoing overfishing.  An additional 21 

species are estimated to be at the target fishing mortality, with fishing pressure exactly at MSY-

level.  All of these 21 species are in the Level V assessment category, where no quantitative 

estimates of biomass or fishing mortality can be calculated and management is based only on 
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trends in landings data, so it is unknown whether or not these species are also undergoing 

overfishing.  Overall, data are very limited for the vast majority of species in the south Atlantic 

snapper-grouper complex.  Many of these species are depleted and/or undergoing overfishing, 

and managers are essentially unable to determine the status of 53 of the 73 species (the species in 

Level V). 

In the reef community, a regulation enacted for one species can clearly have potential 

implications for other species in the complex.  Regulations affect both community composition 

(as relative population sizes of different species change) and fishing pressure (as fishing 

mortality shifts from a highly-regulated species to a less-restricted species).  Adding to the 

complexity of managing these species, the same fishery often catches species with widely 

different levels of population status and data availability.  For example, red porgy (a well-studied 

but heavily overfished species) is caught in the same fishery as scamp (a relatively abundant 

species that could sustain a greater harvest) and rock hind (a poorly-studied species believed to 

be overfished).  This complexity greatly increases the difficulty in managing these species, 

especially with regard to determining single-species regulations in a multispecies fishery.   

Although the red porgy moratorium led to decreases in data availability, there are more 

data available for red porgy than for the vast majority of other species in the south Atlantic 

snapper-grouper complex.  If one of the lesser-studied species were protected by a moratorium 

and fishery-dependent data were lost, the results of the stock assessment would become 

increasingly uncertain, and biomass or fishing mortality estimates may not be possible to 

calculate.  For Level V species that rely on trends in catch data for management, a moratorium 

would eliminate the only source of information for assessing future population recovery. 
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Red Porgy Stock Assessment 

 To determine the current population status of red porgy, appropriate sources of data (both 

fishery-dependent and fishery-independent) are incorporated into a stock assessment model.  

Stock assessment models have been used in various forms for decades.  Previous models to 

assess this red porgy population have included Virtual Population Analysis (VPA), which uses 

an age-length key to calculate age-specific estimates of population size and fishing mortality 

(Vaughan et al. 1992).  Surplus production models also have been applied to red porgy (Vaughan 

and Prager 2002).  Production models are one of the simpler types of models of fish population 

dynamics since they only use landings data and catch-per-effort indices and do not incorporate 

an age structure (Polacheck et al. 1993). 

The most recent red porgy stock assessment model, used in this study, was developed by 

participants of the Southeast Data, Assessment, and Review (SEDAR) stock assessment 

workshop conducted in 2002 by SAFMC and NMFS (SAFMC 2002).  This model is a forward-

projecting age-structured model that works by simulating a population through time, and then 

applies annual fishing mortality, natural mortality, recruitment, and growth to this simulated 

population.  The model then attempts to statistically match the simulated population to the 

observed data from the red porgy population being assessed.  Forward-projecting age-structured 

models are more flexible in formulation than the age-structured modeling technique of VPA, 

used in previous red porgy assessments.  Forward-projecting models use length-composition data 

directly without relying on an external age-length key for conversion.  Another advantage of 

forward-projecting models over VPAs is that they do not result in retrospective patterns common 

in VPAs.  This means that forward-projecting models are more accurate in estimating population 
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parameters in recent years, whereas those years are the most variable in VPA estimates (SAFMC 

2002).    

Forward-projecting age-structured models allow for the incorporation of more kinds of 

data than either VPAs or production models.  For red porgy, these data included annual values of 

total catch by fishery, length and age frequencies by gear, and indices of abundance.  Additional 

factors incorporated in the model included natural mortality rate (assumed to be constant over 

time), gear selectivity (for both MARMAP and fishery data), growth (based on the von 

Bertalanffy growth equation), recruitment (based on a Beverton-Holt recruitment model), and 

fishing mortality (SAFMC 2002).  The age-structured model for the red porgy stock assessment 

was an adaptation of Methot’s stock-synthesis model (Quinn and Deriso 1999) and was similar 

in structure to the model used in a recent assessment of cobia Rachycentron canadum (Williams 

2001).  This model was programmed by SEDAR participants using AD Model Builder Software 

(Otter Research 2000).   

This red porgy stock assessment model was developed during the 2002 SEDAR stock 

assessment workshop (SAFMC 2002).  The SEDAR consisted of a three-stage process where 

stock assessment and life history biologists, fishermen, managers, and academics jointly 

conducted a stock assessment of red porgy.  First, this group agreed on data appropriate to 

include and what type of model would best utilize these data.  Next, the model was developed 

and the output of the model was interpreted by the assessment workshop participants.  Lastly, the 

entire assessment was reviewed by a group of independent scientists not involved in the 

assessment, who deemed it adequate and appropriate for management (SAFMC 2002).  This 

same model was used as a tool in the following research.  The input data for the model were 

modified, and the model itself was not altered. 
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 Although stock assessment models are clearly vital to determining population status, the 

inner workings of these complex, highly parameterized models are often poorly understood.  In 

general, the greater the number of parameters, the less confidence one has in model results, 

especially when some parameter values are uncertain (Latour et al. 2003).  The red porgy model 

has 303 parameters (Table 1.5), and incorporates landings data from commercial, headboat, and 

recreational fisheries, as well as length and age data from each (Table 1.2).  The model attempts 

to balance these data sources with catch-per-effort indices from the headboat fishery and 

MARMAP, while also incorporating natural mortality, growth, fecundity, and recruitment 

estimates (SAFMC 2002).   

The numerous data sources included in the model can be weighted by sample size or 

coefficient of variation, or by a more subjective weighting parameter determined by the stock 

assessment biologist.  Some of the parameters, like recruitment estimates in the red porgy model 

(SAFMC 2002), may need to be constrained to fall within reasonable values.  It is not 

uncommon for sensitivity analyses (slightly changing one or more parameter values) to yield 

conflicting results (Williams 2001).  While this new generation of forward-projecting age-

structured models is quite powerful and allows for data-inclusive stock assessments, these 

models also tend to be difficult to manipulate and may be somewhat unstable during sensitivity 

analyses.  This unpredictability increases when data are “noisy” or highly variable, or when 

adequate data are unavailable.   

The role that each of the data sources plays in the stock assessment model is not well 

understood, and the potential effects of altering a data source (such as a change in sample size or 

sampling regime) on assessment results is unknown.  In a recent assessment on cobia using a 

forward-projecting age-structured model, insufficient aging data led to high levels of uncertainty 
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surrounding population estimates, such that it was unclear whether or not the population was 

being overfished (Williams 2001).  A change in the data for red porgy, as in an extended 

moratorium or a change in the MARMAP sampling regime, could potentially have the same 

effect on assessment capabilities, making the determination of management benchmarks 

unfeasible. 

 

Biological Reference Points 

Biological reference points (BRPs) are the benchmarks against which the actual status of 

a fishery resource can be measured, and are therefore integral to fishery management.  The first 

step in identifying an appropriate BRP is clearly defining a management goal and then 

attempting to represent the management objective with a reference point.  This reference point is 

calculated based on the biological (or socio-economic) characteristics of the fishery (Caddy and 

Mahon 1995).  There are two general types of BRP.  Target BRPs represent a desired fishing rate 

or biomass goal, and limit BRPs represent a boundary point that should not be exceeded 

(Overholtz 1999).  If the management objective for the population is maximizing yield, some 

form of maximum sustainable yield (MSY) will likely be used as a target BRP.  However, 

previous management approaches based on target reference points proved vulnerable to 

overfishing because of uncertainty in identifying the current position of the fishery in relation to 

the target (Caddy 1998), often allowing harvest to exceed sustainable levels.  For this reason, it is 

increasingly common for managers to use limit reference points instead of target reference 

points.  This allows for early identification of potentially problematic fishing mortality or 

population size, thereby better defining the limits of stock exploitation (Caddy and Mahon 1995).  

To effectively manage a fishery, it is necessary that each management goal be represented by at 
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least one BRP (Caddy and Mahon 1995).  Preferably, managers should examine a suite of BRPs, 

particularly when uncertainties exist or when precautionary management is desired (Caddy 

1998). 

During recent years, the goal of fisheries management (including the management of red 

porgy) has shifted from maximizing yield toward preventing overfishing and conserving or 

rebuilding stocks (Collie and Gislason 2001).  The Sustainable Fisheries Act (1996) states this 

new requirement of fisheries managers explicitly:  “Conservation and management measures 

shall prevent overfishing while achieving, on a continuing basis, the optimum yield from each 

fishery for the United States fishing industry.”  This management change has led to the 

adaptation of more conservative BRPs that often include limit reference points for fishing 

mortality and biomass.  Limit reference points for red porgy include minimum stock size 

threshold (MSST) and maximum fishing mortality threshold (MFMT).  BRPs used for gauging 

stock status are relatively well-defined (and well-estimated) for data-rich species, particularly in 

many north Atlantic fisheries, but knowing which of these reference points to use when data are 

scarce becomes much less certain (Caddy 1998).  Herein, I will identify what effects changes in 

data sources have on the ability to reliably estimate these BRPs in order to effectively manage a 

population, even during a moratorium. 

After gaining a better understanding of the impacts of a moratorium on the red porgy 

stock assessment model, data sources, and reference points, I will use this information to predict 

the potential impact of a moratorium on the assessment of the other lesser-studied species in the 

south Atlantic snapper-grouper complex.  By linking the red porgy stock assessment, an 

evaluation of sampling regimes, and the expansion of this stock assessment strategy to multiple 
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species, managers will ultimately benefit from increased ability to manage stocks experiencing 

varying regulations and data availability. 
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Table 1.1.  Regulatory history of red porgy, including regulation period, management action, and 
the details of that regulation (SAFMC 2002). 
 
 
 

Period         Regulation  Details 
 

To 1992        Original Fishery No size, bag, or trip limits or closures  
      Management Plan       
 

Jan. 1989 to present       Amendment 1 Trawl gear banned 
 

1992 to Jan 1999       Amendment 4 305 mm minimum size limit 
 
Feb. to Aug. 1999       Amendment 9 356 mm minimum size limit; 
      5 fish recreational bag limit; 
      Mar.-Apr. commercial closure 
 
Sept. 1999 to Aug. 2000   Moratorium No landings permitted 
 
Aug. 2000 to present       Amendment 12 356 mm minimum size limit; 
      1 fish recreational bag limit; 
      Jan.-Apr. commercial closure; 
      22.7 kg commercial trip limit 
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Table 1.2.   Sample sizes of length and age data used in the stock assessment of red porgy, 
grouped by fishery or MARMAP sampling gear.  N is the total number of fish sampled for length 
or age in each category. 
 
 
 
 
  Data Source    N Lengths N Ages 
 
  Commercial Hook-and-Line   77,704 1,250 
 
  Commercial Trap      1,411        0 
 
  Commercial Trawl      2,510        0 
 
  Headboat     49,012 2,645 
 
  MARMAP Florida Snapper Trap    2,574 2,381 
 
  MARMAP Chevron Trap     9,075 2,893  
 
  Total     142,286 9,169 
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Table 1.3.  Categories are based on amount of available data on fish stocks and are used by the 
SAFMC in stock assessments, where Level I is the most data available and Level V is the least 
data available (SAFMC 2001).  
 
 
 
Level I:   
• Data available:  landings, catch-per-effort index, age structure for each gear, discard 

mortality, life history information 
• Assessment models:  Forward-projecting age-structured model, VPA, production model 
• Estimates calculated:  F/FMSY, B/BMSY, MSST, and MFMT 
 
Level II: 
• Data available:  landings, catch-per-effort index, some age structure for each gear, life history 

information 
• Assessment models:  Forward-projecting age-structured model, VPA, production model 
• Estimates calculated from CPUE trends:  F/FMSY, B/BMSY, MSST, and MFMT 
 
Level III: 
• Data available:  landings, catch-per-effort index for part of population’s distribution, limited 

age structure for each gear, some life history information 
• Assessment models:  Forward-projecting length-structured model, VPA, production model 
• Estimates calculated from CPUE trends:  F/FMSY and MFMT (B classified as being above 

BMSY, between BMSY and MSST, or below MSST) 
 
Level IV: 
• Data available:  landings, catch-per-effort index for part of population’s distribution, length 

data 
• Assessment model:  Production model 
• Estimates calculated:  F/FMSY and MFMT (B cannot be classified even qualitatively) 
 
Level V: 
• Data available:  landings, length data 
• Assessment model:  No model 
• Estimates calculated:  No estimates (classify catch into stable and unstable periods) 
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Table 1.4.  Species of the south Atlantic snapper-grouper complex, listed by SAFMC stock 
assessment data level (SAFMC 2001).  A “B” identifies species that are currently designated as 
overfished (depleted biomass; 19 species), and a “F” represents species where overfishing is 
occurring (fishing mortality is too high; 38 species). 
 
 
 
Level I 
Black sea bass B, F Red porgy B Wreckfish
 
Level II 
Gray triggerfish F 
Greater amberjack 

Snowy grouper B, F 
Speckled hind B, F 

Vermilion snapper F 
White grunt F

 
Level III
Gag grouper F Mutton snapper Scamp 
 
Level IV 
Black grouper B, F 
Cubera snapper 
Gray snapper 

Red grouper B, F 
Red snapper B, F 
Tilefish F 

Warsaw grouper B, F 
Yellowtail snapper B, F

 
Level V 
Almaco jack 
Banded rudderfish 
Bank sea bass B, F 
Bar jack 
Black margate B 
Black snapper F 
Blackfin snapper F 
Blueline tilefish F 
Blue runner 
Blue stripe grunt F 
Coney F 
Cottonwick F 
Crevalle jack 
Dog snapper 
French grunt F 
Goliath grouper B 
Grass porgy 
Graysby F 

Hogfish 
Jolthead porgy 
Knobbed porgy 
Lane snapper 
Lesser amberjack 
Longspine porgy 
Mahogany snapper 
Margate F 
Misty grouper B, F 
Nassau grouper B 
Ocean triggerfish 
Porkfish F 
Puddingwife 
Queen snapper F 
Queen triggerfish 
Red hind F 
Rock hind F 
Rock sea bass B, F 

Sailors choice F 
Sand tilefish F 
Saucereye porgy 
Schoolmaster 
Scup 
Sheepshead 
Silk snapper F 
Smallmouth grunt F 
Spadefish 
Spanish grunt F 
Tiger grouper B, F 
Tomtate F 
Whitebone porgy 
Yellowedge grouper B, F 
Yellowfin grouper B, F 

Yellowmouth grouper B, F 
Yellow jack
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Table 1.5.  Parameters estimated by the red porgy stock assessment model developed during the 
SEDAR stock assessment workshop. 
 
 
 

Description No. of Parameters 
Growth Model (von Bertalanffy) 3 
Standard Deviations of Length at Age 15 
Recruitments 44 
Stock-Recruit Function 2 
Fishing Mortality (sum) (173) 
 Commercial Hook-and-Line 31 
 Commercial Trawl 18 
 Commercial Trap 31 
 Recreational Headboat 31 
 Recreational Charter 31 
 Recreational Private 31 
Selectivity (sum) (62) 
 Commercial Hook-and-Line 22 
 Commercial Trawl 2 
 Commercial Trap 4 
 Recreational 26 
 MARMAP Florida Trap 4 
 MARMAP Chevron Trap 4 
Index Catchabilities 4 
Sum  303 
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Figure 1.1.  Distribution of red porgy in the South Atlantic Bight (SAB).  Source:  NOAA 
Biogeography Program, Essential Fish Habitat Mapping Project. 
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Figure 1.2.  Distribution of live-bottom reef sites (designated by triangles) in the SAB.  Source:  
NOAA Ocean Explorer Islands in the Stream 2002 Expedition. 
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Figure 1.3.  Landings (mt) of red porgy in the south Atlantic by major fishery. 
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Figure 1.4.  Total landings (mt) of red porgy in the south Atlantic for all fisheries combined.  
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CHAPTER 2—RED PORGY STOCK ASSESSMENT DURING A 
SIMULATED MORATORIUM 

 
 

Abstract 

 When red porgy, a reef fish in the south Atlantic, was placed under moratorium in 1999, 

managers became concerned about how this data reduction would impact stock assessment 

capabilities and results.  In order to investigate this issue, I modified the fishery-dependent length 

and age data for red porgy to represent moratoria of various durations.  Length and age data 

sampled by a fishery-independent survey were bootstrapped to incorporate stochasticity.  These 

(and other) data were used as input into the most recent red porgy stock assessment model, 

developed during a 2002 stock assessment workshop.  Model output, including biological 

reference points, was compared among simulated moratoria of different lengths to determine the 

impact of data loss during a moratorium on assessment results.  Changes in population 

projections and management decisions also were investigated. 

 I found that biological reference points and population projections were more variable for 

the longer simulated moratoria.  When fishery-dependent data were removed, minor fluctuations 

in fishery-independent length and age frequencies resulted in larger fluctuations in estimates of 

population biomass and fishing mortality.  The simulated moratorium also resulted in a slight 

bias toward predicting a more productive population.  This type of simulation study identifies the 

necessity of investigating the potential effects of data loss on assessment results prior to the 

implementation of management strategies (like a moratorium) that result in data loss.
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Introduction 

For a fish species harvested by a commercial or recreational fishery, most information 

used to determine population status is a direct result of harvest statistics.  Fishery-dependent data 

usually include relatively large sample sizes of lengths and ages, estimates of landings, and, in 

some cases, catch-per-effort indices.  When harvest restrictions are in place, these data are 

altered or reduced.  During a moratorium when harvest is prohibited, this important data source 

is eliminated, making population assessment more heavily reliant on fishery-independent data 

sources.  The implementation of a moratorium often results in changes in data collection and 

stock assessment methods (Jensen 1993; Olney and Hoenig 2001).   

Harvest moratoria are increasingly prevalent in marine fisheries when other management 

actions are unsuccessful (Myers et al. 1997; Woodrow 1998).  A large number of fisheries have 

closed seasons (a partial moratorium), especially during spawning (SAFMC 2001).  The 

implementation of a total moratorium, though less frequent due to the economic consequences of 

completely closing a fishery (Thunberg et al. 1993), may sometimes be the only remaining 

option for population rebuilding.  This was the case for red porgy Pagrus pagrus off the coast of 

the southeastern United States, when a 1997 stock assessment showed a severely depleted 

population (Vaughan and Prager 2002).  An emergency moratorium was put in place in 

September 1999, prohibiting the possession or sale of red porgy (SAFMC 2002).  Due to debate 

on the actual severity of the red porgy population decline and uncertainty surrounding the stock 

assessment, the moratorium was lifted in August 2000 (SAFMC 2000), although the fishery is 

still heavily restricted (Table 2.1; SAFMC 2002). 

This moratorium led red porgy managers to consider the potential problems that a 

moratorium would cause in stock assessments.  Red porgy is a relatively well-studied species, 
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with a long time series of data from both fishery-dependent and fishery-independent sources.  

Even with this extensive information, the effects on stock assessment capabilities of a loss of 

data due to a moratorium were unknown.  A moratorium could potentially affect estimation or 

variance of biological reference points used in management.   

 

Biological Reference Points: 

Biological reference points (BRPs) are the benchmarks against which the actual status of 

a fishery resource can be measured, and are therefore integral to fishery management.  The first 

step in identifying an appropriate BRP is clearly defining a management goal and then 

attempting to represent the management objective with a reference point.  This reference point is 

calculated based on the biological (or socio-economic) characteristics of the fishery (Caddy and 

Mahon 1995).  There are two general types of BRPs.  Target BRPs represent a desired fishing 

rate or biomass goal, and limit BRPs represent a boundary point that should not be exceeded 

(Overholtz 1999).  However, previous management approaches based on target reference points 

(primarily maximum sustainable yield, MSY) proved vulnerable to overfishing due to the 

uncertainty in identifying the current position of the fishery in relation to this target (Caddy 

1998), often allowing harvest to exceed sustainable levels.  For this reason, it is increasingly 

common for managers to use limit BRPs instead of target BRPs.  This allows for earlier 

identification of potentially problematic fishing mortality or population size, thereby better 

defining the limits of stock exploitation (Caddy and Mahon 1995).   

Biological reference points are calculated in stock assessment models that may 

incorporate a variety of data sources, including landings, catch-per-effort indices, lengths, ages, 

and life history information.  By attempting to statistically match a simulated population with 
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observed data, stock assessment models essentially summarize available data to produce a 

number of BRPs, the majority of which are either related to stock biomass or fishing mortality.  

Calculating BRPs is data-intensive, with the majority of stock assessment models and BRPs 

currently in use requiring age-structured data and a long time series of information on stock size 

and recruitment (Caddy 1998).   

BRPs used for gauging stock status are relatively well defined and well estimated for 

data-rich species, particularly in many north Atlantic fisheries (Caddy 1998).  Knowing which of 

these reference points to use when data are scarce becomes much less certain, and calculating 

BRPs is not possible in some instances (Caddy 1998).  If age-structured data or stock-recruit data 

are unavailable, a less rigorous approach is used, often resulting in a less precise or empirical 

reference point called a proxy.  A proxy is an indirect measure of population status or fishing 

mortality and is therefore less informative than typical BRPs.  Proxies are used when it is not 

possible to calculate fishing mortality or biomass, often due to limited data availability.  An 

example of a frequently used proxy for MSY is spawning biomass per recruit (SPR), where a 

low SPR value identifies an overfished population.  Heavy fishing pressure decreases the 

likelihood of a recruit maturing and spawning, thereby reducing SPR.  As a proxy, SPR does not 

estimate either fishing mortality or biomass, and is therefore less informative than BRPs.     

 

BRPs in Fishery Management: 

When the red porgy stock assessment conducted in 1997 showed a severely depleted 

population (Vaughan and Prager 2002), the goal of red porgy management off the coast of the 

southeastern United States shifted from maximizing yield to preventing overfishing and allowing 

the stock to rebuild (SAFMC 2002).  This change in management objectives is representative of 
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many United States fisheries (Collie and Gislason 2001).  The Sustainable Fisheries Act (1996) 

explicitly states this new requirement of fisheries managers:  “Conservation and management 

measures shall prevent overfishing while achieving, on a continuing basis, the optimum yield 

from each fishery for the United States fishing industry.”  This management change has led to 

the adoption of more conservative BRPs that often include limit reference points for fishing 

mortality and biomass.   

While there are many potential BRPs, the majority of which are permutations of biomass 

or fishing mortality, the Sustainable Fisheries Act (1996) is clear in its requirements.  This 

document states that two measures be used to determine a stock’s management status:  the 

current fishing mortality relative to the fishing mortality that would produce MSY (denoted 

F/FMSY), and the current spawning biomass relative to the spawning biomass that would produce 

MSY (denoted B/BMSY).  Other BRPs are supplementary to these main reference points.  The 

Sustainable Fisheries Act also requires that there be maximum standards of fishing mortality 

rates which should not be exceeded, called the maximum fishing mortality threshold (MFMT), as 

well as a minimum stock size threshold (MSST) under which a stock’s spawning biomass would 

be considered depleted.  The stock’s position in relation to these four BRPs determines future 

management actions. 

These BRPs (F/FMSY, B/BMSY, MFMT, and MSST) are used in the management of red 

porgy.  For red porgy, MSST is the minimum population size that must be maintained to produce 

MSY, and is defined as 

MSST = (1-M) * BMSY,  

where M (the natural mortality) is 0.225 and BMSY is the biomass that would produce MSY 

(SAFMC 2001).  MFMT is equal to FMSY, the fishing mortality rate that would produce MSY.  
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These BRPs are used to define when a population is overfished (the population biomass is less 

than MSST) and when overfishing occurs (fishing mortality is greater than MFMT).  Both of 

these are limit reference points, with the Sustainable Fisheries Act (1996) requiring that 

management regimes be re-evaluated if the population drops below MSST or if fishing mortality 

exceeds MFMT levels.   

 

Red Porgy Stock Assessment: 

In 2002, a stock assessment was conducted for the south Atlantic stock of red porgy by 

the Southeast Data, Assessment, and Review (SEDAR) stock assessment workshop (SAFMC 

2002).  The SEDAR consisted of a three-stage process where stock assessment and life history 

biologists, fishermen, managers, and academics jointly conducted a stock assessment of red 

porgy.  First, this group agreed on what data were appropriate to include and what type of model 

would best utilize these data.  Next, SEDAR participants developed the stock assessment model 

and interpreted model output.  Lastly, the entire assessment was reviewed by a group of 

independent scientists not involved in the assessment, who deemed it adequate and appropriate 

for the management of red porgy (SAFMC 2002).  This project is an extension of the work of the 

SEDAR group, so SEDAR methodology and results will be referenced often. 

With the 1999 moratorium for red porgy came a new management objective of rebuilding 

the stock.  A recovery plan was needed to bring the biomass above BMSY, the target BRP.  For a 

recovery plan to be acceptable according to the Sustainable Fisheries Act (1996) and the SAFMC 

(2002), there must be a 50% likelihood that the stock biomass be greater than BMSY by the 

rebuilding deadline, as determined by the generation time of the fish.  For red porgy, the deadline 

of the 18-year rebuilding plan is 2016 (SAFMC 2002).   
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In order to evaluate the likely effects of future management options for rebuilding the red 

porgy population, the SEDAR workshop conducted population projections.  Starting with the 

biomass estimate from the most recent year (as estimated by the stock assessment model), stock 

projections were run using four potential management scenarios:  F=0 (no fishing mortality or 

bycatch mortality, as if all fisheries in the region were closed), fishing mortality as during the red 

porgy moratorium with only bycatch mortality, and fishing mortalities representative of 

Amendments 9 and 12, as explained in Table 2.1 (SAFMC 2002).  The SEDAR projections 

included stochastic variation for annual recruitment and realized fishing mortality, and 

projections under each management regime were repeated 1000 times.  Projection results are 

shown in Figure 2.1 (SAFMC 2002).  Based on these projections, acceptable management 

options (at least 50% likelihood that the biomass will be greater than BMSY before 2016) include 

F=0 and a moratorium, with Amendments 9 and 12 not allowing sufficient population rebuilding 

by the deadline. 

 

Uncertainty in Stock Assessments: 

It is important to note that BRPs are not exact and that they do have error associated with 

them.  The estimate of BMSY (the target of population recovery) for red porgy was estimated by 

the SEDAR stock assessment model to be 3050 mt, with a standard deviation of 98 mt (SAFMC 

2002).  Biomass in 2001 was estimated to be 1326 mt, with a standard deviation of 38 mt.  Both 

estimates have a coefficient of variation (standard deviation divided by the mean) of about 3%.  

In addition to knowing the variance of BRP estimates, Overholtz (1999) recommended that the 

distributions of BRPs also be determined, using a bootstrap procedure.  Many of the commonly 

used BRPs have distributions that are somewhat skewed, so effective management strategies 
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should take this feature into account (Overholtz 1999).  Adding to the complexity, life history 

parameters used in determining BRPs may change over time (i.e., prey mortality depends on 

predator density, harvest may affect size-at-maturity or sex ratio, etc.), so BRPs become moving 

targets for management, particularly in complex ecosystems (Collie and Gislason 2001).  

Uncertainty surrounding stock projections is even greater than variation of BRP estimates 

(Figure 2.2; SAFMC 2002), reflecting future unpredictability in recruitment and fishing 

mortality.  Additionally, red porgy population projections conducted by the SEDAR stock 

assessment workshop failed to reflect the uncertainty in the model’s estimates of BMSY and 

current biomass, treating both parameters as known points with no variance.  Projections 

incorporating this uncertainty would undoubtedly have much wider confidence intervals. 

 

Potential Effects of a Moratorium: 

Since determining BRPs and performing stock projections are data-intensive, any 

reduction in data could potentially impact stock assessment results.  During a moratorium or 

other period of strict regulation, data from fishery-dependent sources are greatly reduced, if not 

eliminated entirely.  Assessments are then much more heavily reliant on fishery-independent 

data.  For red porgy, the primary source of fishery-independent data is the Marine Resources 

Monitoring, Assessment, and Prediction (MARMAP) program.  This annual survey collects 

fishery-independent data on a number of reef fishes from the waters of North Carolina through 

Florida using standardized gear types and effort (Harris and McGovern 1997).  The MARMAP 

survey collects a variety of data, including fish length, weight, age, sex, fecundity, and level of 

maturation, as well as a catch-per-effort index for each gear type.  MARMAP data are extremely 

useful in stock assessments because standardized gears are used with known efforts in 
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documented locations, facilitating comparisons among years, areas, and gear types (Collins and 

Sedberry 1991).   

Although data from the MARMAP survey are clearly very important to red porgy 

assessment efforts, the survey does not provide information on harvest, and the survey’s 

sampling methods are inherently different from fishery-dependent sources.  Therefore, fishery-

dependent and fishery-independent data sources are not interchangeable in stock assessment 

models, since there are fundamental differences in the goals of data collection and the methods 

used.  During a moratorium or other period of strict regulations, the reduction in fishery-

dependent data will likely increase variability of BRP estimates, and could also affect the values 

of those BRPs.  My objective is to investigate how data loss from a simulated moratorium affects 

stock assessment results, population projections, and management recommendations for red 

porgy.  
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Methods 

Overview: 

In order to investigate the effects of an extended moratorium on red porgy stock 

assessment results, a series of modeling steps were followed.  First, commercial and headboat 

length and age frequencies were removed from the stock assessment input data for recent years 

to simulate loss of fishery-dependent data during a moratorium.  To incorporate stochasticity, 

simulated MARMAP length and age data were generated from observed data using a 

bootstrapping program.  These length and age frequencies were then used as input for the 

forward-projecting age-structured stock assessment model developed during the 2002 SEDAR 

workshop (SAFMC 2002).  Finally, the output of the stock assessment model was used in stock 

projections to assess the effects of an extended moratorium on predicting population rebuilding 

under potential management options.  These modeling steps will be discussed in greater detail in 

the following sections. 

 

Data Modification and Generation: 

To simulate the loss of fishery-dependent length and age data resulting from an extended 

moratorium, length and age data from the commercial and headboat fisheries from the most 

recent years were removed (Table 2.2).  For example, a three-year simulated moratorium would 

exclude commercial and headboat lengths and ages from 1999, 2000, and 2001.  Simulated 

moratoria of 1, 2, 3, 4, 5, and 6 years were investigated, as well as the original model with no 

data omitted.  In order to incorporate stochasticity, the MARMAP length and age frequencies 

used as input for the stock assessment model were randomly sampled (with replacement) from 

observed MARMAP length and age frequencies for all years using a bootstrapping program 
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developed in Microsoft Visual Basic.  Sample sizes of MARMAP length and age frequencies 

were not altered (Table 2.2).  As an example, Figure 2.3 illustrates one year’s observed 

MARMAP length and age data, along with data that were sampled using the Visual Basic 

program.  The length and age frequencies follow the same distribution, but vary slightly to 

represent the stochastic error present when sampling from a population.  For each length of 

moratorium (0, 1, 2, 3, 4, 5, and 6 years), ten model runs were conducted.  

 

The Stock Assessment Model: 

The forward-projecting age-structured model (developed during the SEDAR workshop) 

simulates a population through time, applying annual fishing mortality, natural mortality, 

recruitment, growth, etc. to the simulated population (SAFMC 2002).  The model attempts to 

statistically match the simulated population with observed data sources from the red porgy 

population being assessed.  For red porgy, the information being matched include annual values 

of total catch by fishery, length and age frequencies by gear, and indices of abundance (see 

Chapter 1 for further explanation of data sources).  Additional factors incorporated in the model 

included natural mortality rate, gear selectivity, growth, recruitment, and fishing mortality 

(SAFMC 2002).  Parameters estimated by the model are listed in Table 2.3.  This model was 

programmed by SEDAR workshop participants using AD Model Builder Software (Otter 

Research 2000).  The MARMAP length and age frequencies input into these simulations were 

the generated data described above, and the commercial and headboat length and age frequencies 

were modified to represent the loss of information during an extended moratorium.  Nothing 

else, including stock assessment model code or other data, was altered for this study.   
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The new simulated and modified length and age frequencies were input into the stock 

assessment model.  Landings from the commercial and headboat fisheries were not removed for 

these simulations, since omitting landings would have changed estimates of both fishing 

mortality and biomass, making comparisons of results among models impossible.  Therefore, 

these simulations represent how the loss of fishery-dependent data (and the increased reliance on 

fishery-independent data) due to a moratorium affect stock assessment results, rather than the 

direct effects of reduced fishing mortality on the red porgy population.   

Output from the stock assessment model, including biological reference points, was 

compared among simulated moratoria of different lengths.  The proportions of model runs that 

showed an overfished population (biomass depleted below MSST) or that showed ongoing 

overfishing (fishing mortality exceeded MFMT) were compared among simulated moratoria of 

different lengths. 

 

Population Projections: 

Simulations were used to project the population forward in time in order to evaluate 

potential management scenarios.  Output from each of the stock assessment model runs was used 

as input for population projections, using the methodology developed during the SEDAR process 

(SAFMC 2002).  Starting with the biomass estimate from the most recent year (as estimated by 

the stock assessment model), stock projections were run using four potential management 

scenarios:  F=0 (no fishing mortality or bycatch mortality, as if all fisheries in the region were 

closed); fishing mortality as during the red porgy moratorium with only bycatch mortality; and 

fishing mortalities representative of Amendments 9 and 12 (Table 2.1) as determined during the 

SEDAR workshop (SAFMC 2002). 
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The 25-year projections used a simulated age-structured population with a stochastic 

stock-recruit relationship and stochastic realized fishing mortality.  Initial (2001) stock size at 

age, weight at age, biomass and recruitment data over time, BMSY, and steepness were estimated 

by the stock assessment model for each model run and were used as input for stock projections.  

Steepness is a parameter of the stock-recruit relationship that represents population productivity, 

with a high steepness value signifying a highly productive stock.  Projection input that remained 

constant among model runs included natural mortality, maturity at age, and selectivity.  

Projections for each model run were repeated 100 times for a total of 1000 stochastic projections 

per length of moratorium, using Microsoft Excel and Microsoft Visual Basic. 

The resulting projections allowed me to investigate how loss of fishery-dependent data 

from an extended moratorium would affect management decisions.  For each sample size, the 

proportion of stochastic runs in which the biomass reached or exceeded the rebuilt state (BMSY) 

prior to the rebuilding deadline (2016) was used to estimate the probability of rebuilding success 

for each of the four potential management actions.  For a management option to be 

recommended, the SAFMC requires at least a 50% likelihood of the population biomass 

exceeding BMSY before 2016.  Acceptable management options were compared among simulated 

moratoria of different lengths. 
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Results 

 Estimates of the biomass-based BRPs B/BMSY and B2001 increased slightly with simulated 

moratorium length (Figure 2.4 a, b), and variance around these estimates also increased as data 

were removed (Figure 2.5).  However, estimates of MSST and the variance surrounding MSST 

estimates were not affected by this removal of fishery-dependent data (Figure 2.4 c).  BRPs 

based on fishing mortality showed a different trend, with estimates of F2001 and MFMT 

increasing with longer moratoria and F/FMSY remaining relatively constant (Figure 2.6).  As 

moratorium length increased, these BRP estimates became increasing imprecise, leading to 

higher variance among the ten BRP estimates per treatment (Figure 2.7, solid line), especially 

during a six-year moratorium.  Variance estimates calculated within the stock assessment model 

also increased as data were removed (Figure 2.7, dotted line).  Estimates of MSY increased with 

longer moratoria (Figure 2.8).  All runs, regardless of moratorium length, showed an overfished 

population (Figure 2.4 a).  None of the runs showed a population currently experiencing 

overfishing (Figure 2.6 a). 

 Similar results were found for the population projections, with removal of fishery-

dependent data affecting both projected stock recovery and variance.  Figure 2.9 shows projected 

likelihood of stock recovery under the four potential management scenarios.  Projections differ 

somewhat among moratorium length treatments, and model results from the longer moratoria 

tend to predict a slightly faster recovery (Figure 2.9).  However, management decisions would 

only differ among moratoria for Amendment 12, where projections using data representative of 

0- and 2-year simulated moratoria showed insufficient rebuilding under Amendment 12, and 

projections for 4- and 6-year moratoria showed that Amendment 12 would be an acceptable 
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management option (Figure 2.9 c).  Projections under Amendment 12 were therefore investigated 

in further detail.   

Figure 2.10 shows median biomass projections for Amendment 12, including the 5th and 

95th percentiles, as well as the 95% confidence interval for the rebuilding target BMSY.  For both 

BMSY and projected biomass, variability increased with moratorium length (Figure 2.10).  Also, 

the likelihood of rebuilding increased with moratorium length (Figure 2.11).  Among the 10 

model runs per moratorium length, there was a wide range of projected outcomes, and this range 

increased with length of moratorium (Figure 2.11).  Figure 2.12 shows that the ten model runs 

for a 6-year simulated moratorium had a much wider distribution of rebuilding likelihood than 

either the 3-year simulated moratorium or with no data removed.  The longer simulated 

moratoria had much more variable results, and this variability would affect management 

decisions for red porgy, contradicting the full model with no data removed by identifying 

Amendment 12 as a suitable management option for rebuilding. 
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Discussion 

BRPs: 

 With the loss of fishery-dependent data representative of an extended moratorium, BRP 

estimates became more variable, and some of the BRPs used for management (particularly 

B/BMSY and MFMT) changed in value.  As fishery-dependent length and age data are removed 

from the stock assessment model, results rely more heavily on length and age data from the 

MARMAP survey.  Since fishery-dependent and fishery-independent data sources use different 

gear types and collect red porgy from different areas, the size and age distributions of these data 

sources also differ.  Also, commercial and headboat fisheries target larger fish and are often 

regulated by minimum size limits that truncate the length frequency distributions.  Therefore, 

MARMAP tends to collect smaller fish not represented in fishery-dependent data and does not 

catch as high a proportion of larger fish.  Figure 2.13 shows the differing length frequencies of 

MARMAP and the commercial hook-and-line fishery under three management regulations.  In 

simulating an extended moratorium, the MARMAP age and length data become more influential 

in the stock assessment model, which could potentially cause the change in BRP estimates.   

With a longer simulated moratorium, the BRP estimates that did change tended to show a 

more productive population with a higher biomass, that could tolerate a higher fishing mortality 

(Figures 2.4, 2.6, and 2.8).  Current (2001) biomass and fishing mortality estimates increased 

with longer moratoria (Figures 2.4 and 2.6), and estimates of MSY also increased (Figure 2.8).  

Since landings were not altered in the model, these changes in BRP estimates must result from 

the changes in length and age frequencies.  According to these results, an increased reliance on 

MARMAP length and age frequencies due to a decreased amount of fishery-dependent length 

and age data led to BRP estimates that may overestimate the productivity and potential yield of 
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this red porgy stock.  The potential for overharvest would increase in this situation.  In a similar 

study for an assessment of abalone Haliotic iris, the removal of fishery-dependent data in 

simulations also led to a bias toward predicting a more productive population (Chen et al. 2003). 

In addition to changes in values of the BRPs, variance around these estimates also 

increased with longer simulated moratoria.  Variances calculated by the stock assessment model 

increased, as expected with a decrease in the amount of data (Figures 2.5 and 2.7).  Variation of 

BRP estimates among the ten model runs per simulated moratorium treatment also increased 

with moratorium length.  As fishery-dependent length and age data were removed, minor 

stochastic fluctuations in the simulated MARMAP length and age data became more influential 

on results, causing BRP estimates to vary.  Similar increases in variance were found by Chen et 

al. (2003) when fishery-dependent data were removed.  In stock assessment models used for 

management, such as the red porgy model, stochastic variations in length and age frequencies are 

not investigated.  In length- or age-structured stock assessment models, investigating the effects 

of stochastic variation in observed length and age data may be important for management, 

particularly in instances where data are limited and length and age data are highly influential. 

 

Stock Projections and Management Decisions: 

 Projections were fairly consistent among simulated moratoria of different lengths.  

However, longer moratoria showed a slightly faster population increase (Figure 2.9).  As in the 

BRP estimation, this was a result of a greater reliance on MARMAP lengths and ages.  Variance 

of population projections also increased with simulated moratorium length.  The input for 

projections (which was output from the stock assessment model, including BRPs) was more 

variable for longer moratoria.  This variability was amplified through the stock projections, with 
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biomass estimates and rebuilding likelihood varying greatly for longer simulated moratoria 

(Figure 2.11).  Projections are by nature uncertain, but this uncertainty increased substantially 

when fishery-dependent data were removed for a relatively small number of years.  Small 

variations in the generated MARMAP length and age frequencies led to wide-ranging stock 

projections in these instances. 

 In spite of the wide ranges of biomass and rebuilding likelihood,  in most instances 

management decisions would have been consistent for moratoria of different lengths.  For all 

simulated moratoria, F=0 and a moratorium would provide sufficient rebuilding, and 

Amendment 9 would not be sufficient.  Differences in management decisions did exist for 

simulations conducted under Amendment 12 (Figure 2.11), with longer moratoria identifying 

this as an option for rebuilding, with greater than 50% of projections showing biomass greater 

than BMSY prior to 2016.  Increased variability in stock projections for longer moratoria could 

also potentially affect management decisions.  Small differences in generated MARMAP length 

and age frequencies led to different management decisions for Amendment 12 (Figure 2.11).  

Since stock assessment models rely on one MARMAP length and age frequency, making the 

appropriate management decision may depend on how accurately these lengths and ages 

represent the actual population.  

 

Implications for Other Assessments: 

 Stock assessments using forward-projecting models similar to the red porgy model were 

recently conducted for black sea bass (SAFMC 2003a) and vermilion snapper (SAFMC 2003b).  

These are both well-studied species, with available information comparable to red porgy, but 

results from both assessments showed much greater uncertainty.  For red porgy, all data sources 
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in the model showed a clear declining population size over time.  This was not necessarily the 

case in the black sea bass and vermilion snapper assessments, where data sources contradicted 

each other to some degree.  Also, the vermilion snapper population was predicted to be much 

closer to the overfishing and overfished limits than red porgy.  For both black sea bass and 

vermilion snapper, removing fishery-dependent data could have a greater effect on assessment 

results, since different data sources may be showing different trends.  For vermilion snapper, 

management decisions are more likely to be affected by a moratorium, as increased variance 

resulting from data loss would decrease the ability to determine whether this borderline species is 

overfished or undergoing overfishing.  Simulations like I conducted for red porgy would be 

beneficial for improving management of these, and other, species, in order to predict the 

potential implications of a moratorium on stock assessment results. 

 

Conclusions: 

 In general, the simulated moratorium had only minor effects on BRPs, projections, or 

management decisions.  The signal of a declining red porgy population was so strong and 

relatively consistent among data sources that removing a few years of fishery-dependent lengths 

and ages did not greatly affect results.  All model runs showed an overfished population not 

currently undergoing overfishing, and management decisions were also relatively consistent.  For 

a fish population closer to the overfished or overfishing limits or where data sources contradicted 

each other, a simulated moratorium might affect results to a greater extent.  

Since red porgy is a well-studied species with 30 years of information, removing a few 

recent years of data in a simulated moratorium minimally affected the stock assessment model 

results.  There was still a long time series of fishery-dependent lengths and ages, as well as fairly 
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extensive fishery-independent data.  A simulated moratorium on a lesser-studied species would 

most likely result in larger changes in BRPs, projections, and management decisions, since a 

larger proportion of information would be removed.  For the vast majority of other species in the 

south Atlantic snapper-grouper complex, data used in stock assessments are very limited.  For 60 

of these 73 species, fishery-dependent data are the only reliable records available (SAFMC 2001; 

Pat Harris, SC-DNR, personal communication).  The population status of these species is 

determined by looking for trends in catch, by separating harvest into stable periods and unstable 

periods.  A simulated moratorium for red porgy changed BRP estimates and increased 

variability, but a moratorium for any of these lesser-studied species would make population 

assessment and the determination of population rebuilding more difficult and, in many cases, not 

possible (Caddy 1998). 
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Table 2.1.  Regulatory history of red porgy, including regulation period, management action, and 
the details of that regulation (SAFMC 2002). 
 
 
 

Period         Regulation  Details 
 

To 1992        Original Fishery No size, bag, or trip limits or closures  
      Management Plan       
 

Jan. 1989 to present       Amendment 1 Trawl gear banned 
 

1992 to Jan 1999       Amendment 4 305 mm minimum size limit 
 
Feb. to Aug. 1999       Amendment 9 356 mm minimum size limit; 
      5 fish recreational bag limit; 
      Mar.-Apr. commercial closure 
 
Sept. 1999 to Aug. 2000   Moratorium No landings permitted 
 
Aug. 2000 to present       Amendment 12 356 mm minimum size limit; 
      1 fish recreational bag limit; 
      Jan.-Apr. commercial closure; 
      22.7 kg commercial trip limit 
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Table 2.2.  Sample sizes of lengths and ages sampled in recent years by the commercial fishery, 
headboat fishery, and the MARMAP survey. 
 
 
 

Lengths: 
Year Commercial Headboat MARMAP
1995 5,208 848 1,109 
1996 4,090 885 872 
1997 3,788 552 1,003 
1998 2,401 828 612 
1999 2,137 266 697 
2000 661 74 459 
2001 882 240 512 
Mean 2,738 528 752 

 
 

Ages: 
Year Commercial Headboat MARMAP
1995 0 0 0 
1996 0 0 0 
1997 369 0 331 
1998 196 142 0 
1999 0 0 0 
2000 411 0 196 
2001 274 0 231 
Mean 179 20 108 
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Table 2.3.  Parameters estimated by the red porgy stock assessment model developed during the 
SEDAR stock assessment workshop. 
 
 
 

Description No. of Parameters 
Growth Model (von Bertalanffy) 3 
Standard Deviations of Length at Age 15 
Recruitments 44 
Stock-Recruit Function 2 
Fishing Mortality (sum) (173) 
 Commercial Hook-and-Line 31 
 Commercial Trawl 18 
 Commercial Trap 31 
 Recreational Headboat 31 
 Recreational Charter 31 
 Recreational Private 31 
Selectivity (sum) (62) 
 Commercial Hook-and-Line 22 
 Commercial Trawl 2 
 Commercial Trap 4 
 Recreational 26 
 MARMAP Florida Trap 4 
 MARMAP Chevron Trap 4 
Index Catchabilities 4 
Sum  303 
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Figure 2.1.  SEDAR population projections for red porgy under four potential management 
scenarios, as described in Table 2.1.  For a management option to be acceptable, there must be at 
least a 50% likelihood of the population size being above BMSY before 2016 (the vertical dotted 
line).  
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Figure 2.2.  SEDAR population projections for red porgy under four scenarios.  Median 
spawning stock biomass (SSB, in mt) is shown, as well as 5th and 95th percentiles.  The 
horizontal dotted line represents the rebuilding target, a biomass of 3050 mt.  The vertical line is 
the rebuilding deadline, 2016. 
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Figure 2.3.  Example of observed and simulated length (a.) and age (b.) frequencies for 2001 
MARMAP Chevron Trap.  Three simulated frequencies are shown for both length and age. 
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Figure 2.4.  Biomass-based BRPs calculated for simulated moratoria of different lengths.  
B/BMSY (a.) shows 2001 biomass relative to the biomass that would produce MSY.  B2001 (b.) is 
the current biomass estimate, and MSST (c.) is the minimum stock size threshold, used in 
determining when a population is overfished.  All graphs show the mean of 10 runs for each 
moratorium length, +/- 1 standard deviation. 
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Figure 2.5.  Estimates of standard deviation calculated by the model (dotted line) and precision 
of BRP estimates (solid line shows standard deviation of the 10 BRP estimates) for simulated 
moratoria of different lengths for B/BMSY (a.) and B2001 (b.). 
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Figure 2.6.  Fishing mortality-based BRPs calculated for simulated moratoria of different 
lengths.  F/FMSY (a.) shows 2001 fishing mortality relative to the fishing mortality that would 
produce MSY.  F2001 (b.) is the current fishing mortality estimate, and MFMT (c.) is the 
maximum fishing mortality threshold, used in determining when overfishing is occurring.  All 
graphs show the mean of 10 runs for each moratorium length, +/- 1 standard deviation. 
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Figure 2.7.  Estimates of standard deviation calculated by the model (dotted line) and precision 
of BRP estimates (solid line shows standard deviation of the 10 BRP estimates) for simulated 
moratoria of different lengths for F/FMSY (a.) and F2001 (b.). 
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Figure 2.8.   Mean maximum sustainable yield (MSY) estimates for simulated moratoria of 
different lengths (10 model runs each), +/- 1 standard deviation.   
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Figure 2.9.  Stock projections (10 runs per simulated moratorium length) under four potential 
management scenarios:  F=0 (a.), a moratorium (b.), Amendment 12 (c.), and Amendment 9 (d.).  
For a management option to be acceptable, there must be a 50% likelihood (the horizontal line) 
of biomass exceeding BMSY prior to the rebuilding deadline, 2016 (the vertical line).  
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Figure 2.10.  Biomass projections under Amendment 12 for no moratorium (a.), a 3-year 
moratorium (b.), and a 6-year moratorium (c.).  1000 stochastic projections were conducted for 
each moratorium length.  The 5th and 95th percentiles are shown in gray, and the median biomass 
estimates are shown in black.  The horizontal lines show the 95% confidence intervals of BMSY, 
the rebuilding target. 
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Figure 2.11.  Proportion of projected 2016 biomass estimates under Amendment 12 for which the 
population is greater than BMSY.  The mean likelihood for ten model runs for each simulated 
moratorium is shown, +/- 1 standard deviation.  The range of the 10 model runs is shown in gray.  
For a management option to be acceptable, there must be at least a 50% likelihood (the 
horizontal line) of the biomass being above BMSY.  
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Figure 2.12.  Histogram of model runs (10 per simulated moratorium length) categorized by 
likelihood of rebuilding under Amendment 12 for simulated moratoria of 0, 3, or 6 years.  The 
longer moratoria have a wider distribution of potential likelihood of rebuilding. 
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Figure 2.13.  Length frequencies for the MARMAP survey and the commercial hook-and-line 
fishery for 1986 (a.), 1995 (b.), and 2001 (c.).  Minimum size limits impacting the commercial 
fishery are show by vertical lines. 
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CHAPTER 3—THE ROLE OF FISHERY-INDEPENDENT  
DATA IN THE RED PORGY ASSESSMENT 

 
Abstract 

When red porgy was placed under a harvest moratorium in 1999 and fishery-dependent 

information was reduced, fishery-independent data from the Marine Resources Monitoring, 

Assessment, and Prediction (MARMAP) program became more influential in stock assessments.  

However, the effects that altering this data source would have on stock assessment results was 

not fully understood.  In order to investigate this issue, we modified the fishery-independent 

length and age data for red porgy to represent reductions in MARMAP sample size.  Length and 

age data of new sample sizes were bootstrapped from original data to incorporate stochasticity.  

These (and other) data were used as input into the most recent red porgy stock assessment model, 

developed during the 2002 SEDAR workshop.  Model output, including biological reference 

points, was compared among simulated moratoria of different lengths to determine the impact of 

reductions in MARMAP sampling on assessment results.  Changes in population projections and 

management decisions also were investigated. 

 We found that biological reference points and population projections were more variable 

for small MARMAP sample sizes.  When sample sizes were small, length and age frequencies 

did not fully represent the population, resulting in larger fluctuations in estimates of population 

biomass and fishing mortality.  The reduction of MARMAP data also resulted in a slight bias 

toward predicting a more productive population.  This type of simulation study identifies the 

necessity of investigating the potential effects of data reduction on assessment results prior to 

altering the fishery-independent sampling regime and potentially causing data loss.
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Introduction 

Fishery-Independent Surveys: 

 Much of the demographic information collected for commercially or recreationally 

important fish species is a direct result of harvest.  Fishery-dependent data include estimates of 

landings, and may also include fish lengths and ages.  These data alone are insufficient for 

quantitatively estimating stock biomass or fishing mortality.  When only landings, lengths, and 

ages are available, managers are limited to reviewing trends in landings to develop fishery 

management plans (Table 3.1, Level V).  In some cases, fishery-dependent data also include a 

catch-per-effort (CPUE) index.  A reliable CPUE is often difficult to obtain from a fishery due to 

changes in gear technology and harvest regulations (Kesteven 1997).  Also, a fishery-dependent 

CPUE index may not cover the entire range of the stock, since fisheries target primarily larger 

fish (SAFMC 2002).  If a reliable fishery-dependent CPUE index is available, stock assessments 

can utilize a production model (Table 3.1, Levels III and IV).  However, this type of model is 

relatively simple and does not incorporate age structure (Polacheck et al. 1993).  Even with 

fishery-dependent landings, lengths, and a catch-per-effort index, no quantitative estimates of 

population biomass by age can be calculated using a production model (Table 3.1, Levels III and 

IV). 

 To effectively assess and manage a population, fishery-independent data are vital.  These 

data often provide information on life history, including age, maturity, fecundity, and growth.  

Extensive catch-per-effort indices allow for the use of forward-projecting age-structured models 

or Virtual Population Analysis (VPA) in stock assessments, making the calculation of biomass 

by age or length class possible (Table 3.1, Levels I and II).  Since information from fishery-

independent sources is so important to stock assessment efforts, there are a number of large-scale 
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fishery-independent surveys in place in the United States.  The research vessel trawl surveys of 

the Northeast Fisheries Science Center constitute one of the world’s longest fishery-independent 

monitoring programs with 40 years of data (Murawski et al. 2003).  The fall groundfish survey of 

the Southeast Fisheries Science Center has been conducted since 1988 (Ingram and Gledhill 

2003).  A number of fishery-independent surveys have been initiated more recently.  Maine and 

New Hampshire began an inshore groundfish trawl survey in 2000 (Sherman et. al 2003), and the 

Chesapeake Bay Multispecies Monitoring and Assessment Program is a simultaneous trawling 

and acoustic survey that was initiated in 2002 (Bonzek et al. 2003). 

 For red porgy and other temperate reef fishes in the south Atlantic, the main source of 

fishery-independent data is the Marine Resources Monitoring, Assessment, and Prediction 

(MARMAP) program.  This survey has been conducted annually since 1979 by the South 

Carolina Department of Natural Resources (Harris and McGovern 1997).  In the waters of North 

Carolina through Florida, 300 to 400 reef sites are randomly selected for sampling each year 

from a database of 2,500 known live-bottom reef sites in the region.  Sites are sampled between 

May and August using a variety of gear types.  Florida snapper traps, blackfish traps, and hook-

and-line gear were used consistently for red porgy and other temperate reef fishes from 1981 to 

1987 (Collins 1990).  Chevron traps have been used since 1990, as they were shown to increase 

species diversity, size range, and quantity of the sample (Collins 1990).  The MARMAP survey 

collects a large amount of data, including fish length, weight, and age (Table 3.2).  Gonads are 

removed to determine sex, fecundity, and level of maturation.  A catch-per-effort index is also 

calculated for each gear type.  Data from the MARMAP program are extremely useful in stock 

assessments because standardized gears are used with known efforts in documented locations, 
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facilitating comparisons among years, areas, and gear types (Collins 1990; Collins and Sedberry 

1991). 

 

Stock Assessment: 

To determine the current population status of red porgy, all appropriate sources of data 

(both fishery-dependent and fishery-independent) were incorporated into a stock assessment 

model.  This stock assessment model was developed during the 2002 Southeast Data, 

Assessment, and Review (SEDAR) workshop (SAFMC 2002).  The SEDAR consisted of a 

three-stage process in which a group of stock assessment and life history biologists, fishermen, 

managers, and academics first agreed on what data were appropriate to include and what type of 

model would best utilize these data, then developed the stock assessment model and interpreted 

model output, and finally submitted the entire assessment for review by a group of independent 

scientists not involved in the assessment.    

The stock assessment model developed by the SEDAR group was a forward-projecting 

age-structured model.  This type of model simulates a population through time, applying annual 

fishing mortality, natural mortality, recruitment, and growth to the simulated population 

(SAFMC 2002).  The model attempts to statistically match the simulated population with 

available data.  The red porgy model incorporates data from both fishery-dependent and fishery-

independent sources and is highly parameterized with 303 parameters (Table 3.3).  The model 

attempts to balance these data sources, weighting them based on both sample size and with a 

more subjective weighting parameter based on the SEDAR group’s relative confidence in data 

sources.  While forward-projecting age-structured models are quite powerful and allow for data-

inclusive stock assessments, these models also tend to be difficult to manipulate and may be 
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somewhat unstable during sensitivity analyses (Williams 2001).  Although the stock assessment 

model is clearly vital to determining population status, the inner workings of these complex, 

highly parameterized models are often poorly understood.    

The stock assessment model calculates a number of biological reference points (BRPs), 

which are benchmarks against which the actual status of a fishery resource can be measured.  

These BRPs show the current status of the population in terms of population biomass and current 

fishing mortality.  The Sustainable Fisheries Act (SFA; 1996) states that two of these BRPs be 

used to determine a stock’s management status:  the current fishing mortality relative to the 

fishing mortality that would produce MSY (denoted F/FMSY), and the current spawning biomass 

relative to the spawning biomass that would produce MSY (denoted B/BMSY).  The SFA also 

recommends determining maximum standards of fishing mortality rates that should not be 

exceeded, called the maximum fishing mortality threshold (MFMT), as well as a minimum stock 

size threshold (MSST) under which a stock’s spawning biomass would be considered depleted.  

The stock’s position in relation to these four BRPs determines future management actions.  

BRPs calculated by the stock assessment model are also used in stock projections, where 

the population is projected into the future under varying levels of fishing mortality.  Projections 

are used to identify suitable management options for rebuilding the depleted population to the 

target biomass (BMSY).  In order for a management action to be acceptable according to the South 

Atlantic Fisheries Management Council (SAFMC), there must be a 50% likelihood that the stock 

biomass be greater than BMSY prior to the rebuilding deadline. 
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Effects of Changes in Fishery-Independent Data: 

The process of translating observed data into management recommendations is clearly a 

complicated procedure, involving multiple complex models.  The role that each data source (both 

fishery-dependent and fishery-independent) plays in each step of the stock assessment process is 

not well understood.  In Chapter 2, results showed that when a few years of commercial and 

headboat length and age data were removed to simulate loss of fishery-dependent data due to a 

moratorium, stock assessment results were more heavily influenced by minor fluctuations in 

MARMAP length and age frequencies.  During a real moratorium, stock assessments would 

undoubtedly become more reliant on fishery-independent data as the amount of fishery-

dependent data decreases.  However, the potential effects of altering MARMAP data (such as a 

change in sample size or sampling regime) on assessment results are unknown.  MARMAP 

length and age sample sizes are already substantially lower than commercial or headboat sample 

sizes (Table 3.4).  Reducing MARMAP sample sizes further would most likely increase variance 

surrounding biological reference points (BRPs), the benchmarks against which population status 

is measured.  Values of BRPs could also change if MARMAP sample sizes were altered (see 

also Appendix 1), which could affect red porgy management decisions.  My objective was to 

investigate and quantify the effects of reducing MARMAP length and age sample sizes on stock 

assessment results and management recommendations for red porgy.  An improved 

understanding of the role that MARMAP sample size plays in the stock assessment model will 

allow managers to better utilize this important source of fishery-independent data. 
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Methods 

Overview: 

In order to investigate the effects of changing MARMAP sample size on stock 

assessment results, a number of modeling steps were followed.  First, simulated MARMAP 

length and age data were generated for a range of sample sizes from observed MARMAP data 

using a bootstrapping program.  These age and length frequencies were then used as input for a 

forward-projecting age-structured stock assessment model developed during the 2002 SEDAR 

workshop.  Finally, the output of the stock assessment model was used in stock projections to 

assess the effects of reducing MARMAP sample size on determining suitable management 

options.  These steps will be discussed in greater detail in the following sections. 

 

Data Generation: 

The MARMAP age and length frequencies used as input for the stock assessment model 

were modified to simulate a decrease in MARMAP sample size using a bootstrapping program 

developed in Microsoft Visual Basic.  This program randomly sampled (with replacement) from 

observed MARMAP length and age compositions for all years.  The Visual Basic program 

sampled a proportion of each year’s recorded sample size, as designated by the model user.  A 

range of MARMAP sample sizes were investigated including the original sample size (N; Table 

3.2),  90% of N, 70% of N, 50% of N, 30% of N, and 10% of N.  As an example, Figure 3.1 

illustrates one year’s observed MARMAP length and age data, along with data that were 

sampled using the Visual Basic program for 100%, 50%, and 10% of N.  Although the length 

and age frequencies follow roughly the same distribution for all sample sizes, the proportional 
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length and age compositions for small sample sizes are much more uneven, as expected (Figure 

3.1).  For each sample size, ten simulated MARMAP length and age frequencies were generated.   

 

The Stock Assessment Model: 

The generated length frequency data and other red porgy data were used as input for the 

stock assessment model, a forward-projecting age-structured model developed during the 

SEDAR workshop (SAFMC 2002).  It simulates a population through time, applying annual 

fishing mortality, natural mortality, recruitment, growth, etc. to the simulated population 

(SAFMC 2002).  The model attempts to statistically match the simulated population with 

observed data sources from the population being assessed.  For red porgy, the data being 

matched include annual values of total catch by fishery, length and age frequencies by gear, and 

indices of abundance (see Chapter 1 for further explanation of data sources).  Additional factors 

incorporated in the model included natural mortality rate, gear selectivity, growth, recruitment, 

and fishing mortality (SAFMC 2002).  Parameters estimated by the model are listed in Table 3.3.  

This model was programmed by SEDAR workshop participants using AD Model Builder 

Software (Otter Research 2000).  The MARMAP length and age data input into these 

simulations were the generated data representing reduced sample size described above.  Nothing 

else, including model code or other data, was altered for this study.   

The new simulated length and age frequencies were input into the stock assessment 

model.  To allow for comparisons among model runs, the sample sizes of the length and age 

frequencies, another model input, were not changed.  The frequencies reflected the changes, but 

the sample sizes did not.  This was required due to the model structure, where any change in 

sample size would change the weighting of the model fit algorithm, by definition (Erik Williams, 
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NMFS-Beaufort, personal communication; see also Appendix 1).  Changing model weightings is 

a complex, highly subjective process.  Any differences in biological reference points among 

model runs would be due to both changes in sample size and in weighting schemes, making 

comparisons difficult.  We would no longer be estimating the effects of changes in length and 

age frequency sample sizes alone.  This subtle but important point has serious implications for 

managers and scientists working with this new generation of stock assessment models (see 

Appendix 1). 

Our goal was to estimate the effects of changes in length and age frequency sample sizes, 

without changing the weightings used in the model-fitting process.  The best way to accomplish 

this was to use the simulated length and age frequencies that reflected the reduced sample sizes, 

without changing the sample size input parameter used for the weightings.  As a result, these 

simulations represent how incomplete length and age compositions due to decreased sample 

sizes affect stock assessment results, rather than the effects of changing the length and age 

sample sizes in the model.  Output data from the stock assessment model, including the 

biological reference points B/BMSY and F/FMSY, were compared among sample size treatments.  

The minimum stock size threshold (MSST) and maximum fishing mortality threshold (MFMT) 

also were compared among simulated moratoria.  These reference points are used to designate 

overfished stocks (biomass depleted below MSST) and stocks undergoing overfishing (fishing 

mortality exceeds MFMT).   The proportion of model runs that showed an overfished population 

or that showed overfishing occurring were compared among MARMAP sample size treatments. 
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Population Projections: 

Simulations were used to project the population forward in time in order to evaluate 

potential management options.  Output from each of the stock assessment model runs was used 

as input for population projections, using the methodology developed during the SEDAR process 

(SAFMC 2002).  Starting with the biomass estimate from the most recent year (as estimated by 

the stock assessment model), stock projections were run using four potential management 

scenarios:  F=0 (no fishing mortality or bycatch mortality, as if all fisheries in the region were 

closed), fishing mortality as during the red porgy moratorium with only bycatch mortality, and 

fishing mortalities representative of Amendments 9 and 12 (Table 3.5).  Fishing mortality rate 

(F) was determined for each of these options during the SEDAR process (SAFMC 2002). 

The 25-year projections used a simulated age-structured population with a stochastic 

stock-recruit relationship and stochastic realized fishing mortality.  Initial (2001) stock size at 

age, weight at age, stock size and recruitment data over time, BMSY, and steepness were 

estimated by the stock assessment model for each model run.  Steepness is a parameter of the 

stock-recruit relationship that represents population productivity, with a high steepness value 

signifying a highly productive stock.  Other projection input that remained constant among 

model runs included natural mortality, maturity at age, and selectivity.  Projections for each 

model run were repeated 100 times for a total of 1000 stochastic projections per simulated 

MARMAP sample size.  Projections were conducted using Microsoft Excel and Visual Basic. 

The resulting projections allowed me to investigate how a reduction in MARMAP length 

and age sample sizes would affect management decisions.  For each sample size, the proportion 

of stochastic runs in which the biomass reached or exceeded the rebuilt state (BMSY) prior to the 

rebuilding deadline (2016) was used to estimate the probability of success of each of the four 
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potential management actions.  For a management option to be recommended, the SAFMC 

requires at least a 50% likelihood of the population biomass exceeding BMSY before 2016.  

Acceptable management options were investigated for all MARMAP sample sizes. 
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Results 

 Estimates of the biological reference points F/FMSY and B/BMSY were not significantly 

different among simulated MARMAP sample sizes (Figure 3.2).  During the stock assessment 

model iterations, BRP estimates vary slight, and the model calculates a standard deviation for 

each BRP.  The BRP standard deviations calculated by the stock assessment model were 

consistent among sample size treatments (Figure 3.2).  However, as sample size decreased, BRP 

estimates became increasing imprecise, leading to higher standard deviation among the ten BRP 

estimates per sample size (Figure 3.3, solid line).  All runs, regardless of MARMAP sample size, 

showed an overfished population (biomass depleted below MSST).  None of the runs showed a 

population currently undergoing overfishing.   

Similar results were found for the population projections.  Estimates of the probability of 

stock recovery increased slightly with reduced MARMAP sample sizes (Figure 3.4).  A more 

detailed picture of projection results is given by looking at the 5th, 50th (median), and 95th 

percentiles of biomass by year for the different MARMAP sample sizes (Figure 3.5).  The 95% 

confidence intervals for the rebuilding target (BMSY) are also shown.  As MARMAP sample size 

decreases, projections and estimates of the rebuilding target become increasingly variable 

(Figure 3.5).  Although the median estimates of rebuilding likelihood (the probability that 

biomass will exceed BMSY) increased only slightly with smaller sample sizes (Figure 3.5), the 

smaller simulated MARMAP sample sizes had a much wider distribution among the ten model 

runs (Figure 3.6).  Range of likelihood of rebuilding increases dramatically with smaller sample 

sizes.  For projections under Amendment 12, the original sample size (N) had a rebuilding 

likelihood range (among the ten model runs) of 13 to 45%, while a sample size of 10% of N had 

a range of 21 to 94% (Figure 3.7).   



 82

Acceptable management options were relatively consistent among MARMAP sample 

sizes.  F=0 and a moratorium allowed sufficient rebuilding by 2016 for all runs of all sample 

sizes, and Amendment 9 was unacceptable for all runs.  Slight differences were present for 

projections under Amendment 12 fishing mortality.  Although the mean likelihood of rebuilding 

under Amendment 12 for each sample size was less than 50% (predicting Amendment 12 to be 

insufficient for rebuilding), some individual model runs showed sufficient population recovery 

under this management option (Figure 3.7).  The larger range resulting from smaller sample sizes 

would have identified Amendment 12 as an acceptable management strategy for a proportion of 

runs for all reduced sample sizes (Figure 3.7).  
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Discussion 

 Estimates of the biological reference points used in management changed very little with 

changes in MARMAP sample size.  However, variance among model runs increased when 

sample size was reduced, as would be expected.  This same trend was evident in stock 

projections, where biomass estimates were relatively consistent, but variance surrounding 

biomass projections and the rebuilding target increased with small MARMAP sample sizes.  This 

identifies the importance of MARMAP length and age data in the red porgy stock assessment 

model.  When simulated sample sizes from this data source are small, the length and age 

compositions are uneven and may therefore not accurately represent the size or age structure of 

the recorded data (or the population).  Small fluctuations in MARMAP data led to large 

variations in model results.  In order to ensure that the MARMAP age and length frequencies 

used in stock assessments fully represent the age and size structure of the population being 

assessed, relatively large sample sizes from an unbiased sampling regime must be consistently 

maintained over time.   

Errors or biases in aging could also impact results when samples are limited.  Chen 

(1996) found that small errors in aging were amplified by an age-structured stock assessment 

model, causing larger errors in BRPs.  However, this was only true when sample sizes of ages 

were small (less than 1000).  When sample sizes were greater than 1000, the error differences in 

estimating stock parameters were insignificant (Chen 1996).  Decreasing sample size or having 

an incomplete size or age structure could result in imprecise estimates of biological reference 

points and projections, potentially affecting management decisions.   

 A recent study by Chen et al. (2003) demonstrated the importance of data quantity in a 

stock assessment of the New Zealand abalone Haliotic iris.  When fishery-independent length 
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data were removed from the assessment, standard deviation of parameter estimates increased 

33%.  In our red porgy case study, standard deviation among model runs increased 

approximately 85% between simulations with original sample size (N) and simulations with 10% 

of N (Figure 3.3).  When fishery-independent catch-per-effort indices also were removed from 

the abalone assessment (something not investigated in this study), standard deviation of 

parameter estimates was 178% greater than the model with no data removed (Chen et al. 2003).  

In the abalone case study, both scenarios with data removed also tended to lead to a more 

optimistic estimation of the current fishery status and stock productivity (Chen et al. 2003).  In 

our red porgy simulations, we saw only slight increases in estimates of stock productivity with 

smaller sample sizes.  This bias was particularly evident in population projections (Figures 3.4 

and 3.5; see also Appendix 1).  

  

Management Implications: 

The results of this study are specific to the south Atlantic red porgy stock, and may not be 

applicable to other stocks or species.  Biological reference points and stock productivity 

estimates are affected by life history parameters, population size, historical and current fishing 

pressure, and data availability, so these will differ among species.  However, the results of this 

red porgy case study identify the importance of investigating the potential effects of reducing 

fishery-independent sampling on stock assessment capabilities.  If used prior to management 

decisions, this kind of data simulation study could estimate the potential impact of data loss 

before sampling regime changes are put in place that result in data loss. 

   Collecting fishery-independent data is both expensive and time-consuming.  A recent 

National Oceanic and Atmospheric Administration (NOAA) budget included $91,000,000 to 
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collect fisheries resource information, including bycatch research, MARMAP and other large-

scale surveys, and research related to pollution (NOAA 1997).  The MARMAP survey alone has 

an annual budget of approximately $850,000 (Department of Commerce 2001).  This high price 

tag has caused critics of fishery-independent sampling to speak out.  In a recent article, Kesteven 

(1997) writes, “The expense of such surveys cannot be justified and I doubt the claim made for 

them, that being scientific they are therefore more complete, more accurate, and more useful, can 

ever be justified.”  The results of Chen et al.’s (2003) abalone case study contradict this 

statement and show that fishery-independent data are vital to stock assessment efforts, and are 

not interchangeable with fishery-dependent data.  Chen et al. (2003) found that abalone stock 

assessment results were affected more by the removal of fishery-independent data than by the 

removal of fishery-dependent data, even though the commercial fishery data had a longer time 

series and a greater number of samples.   

 Data quantity for a fishery tends to be related to the economic and social value of the 

fishery, with economically important species being well-sampled by both fishery-dependent and 

fishery-independent sources (Chen et al. 2003).  There are more data available for red porgy than 

for 71 of the 72 other species in the south Atlantic snapper-grouper complex (black sea bass 

Centropristis striata has slightly more data; SAFMC 2003).  Even with 30 years of commercial 

and headboat landings, 130,000 fishery-dependent length samples, and a catch-per-effort index 

from the headboat fishery, the red porgy stock assessment could be limited to a production model 

without MARMAP data, and the model would be unable to calculate biomass by age class (Table 

3.1).   

Fishery-independent data are available for very few other species in the snapper-grouper 

complex.  MARMAP has reliable catch-per-effort indices for only eleven species (Pat Harris, 
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SC-DNR, personal communication).  Chen et al. (2003) identified a fishery-independent catch-

per-effort (CPUE) index as the single most influential data type in the abalone stock assessment, 

so we would expect the numerous snapper and grouper species lacking a reliable CPUE index to 

have high variance surrounding biological reference point estimates.  Based on the results of my 

case study on red porgy, reducing sample size for the limited number of species for which 

fishery-independent data are available could also increase variance of estimates and potentially 

introduce a bias toward overestimating stock productivity.  These types of simulation studies aid 

in understanding the impacts of fishery-independent data quantity on stock assessments, 

particularly with respect to uncertainty and variance.  By incorporating uncertainty due to data 

loss into management decisions, managers will be better able to assess and manage these 

populations and improve survey design to better fulfill future research needs.   
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Table 3.1.  Categories are based on amount of available data on fish stocks and are used by the 
SAFMC in stock assessments, where Level I is the most data available and Level V is the least 
data available (SAFMC 2001).  
 
 
 
Level I:   
• Data available:  landings, catch-per-effort index, age structure for each gear, discard 

mortality, life history information 
• Assessment models:  Forward-projecting age-structured model, VPA, production model 
• Estimates calculated:  F/FMSY, B/BMSY, MSST, and MFMT 
 
Level II: 
• Data available:  landings, catch-per-effort index, some age structure for each gear, life history 

information 
• Assessment models:  Forward-projecting age-structured model, VPA, production model 
• Estimates calculated from CPUE trends:  F/FMSY, B/BMSY, MSST, and MFMT 
 
Level III: 
• Data available:  landings, catch-per-effort index for part of population’s distribution, limited 

age structure for each gear, some life history information 
• Assessment models:  Forward-projecting length-structured model, VPA, production model 
• Estimates calculated from CPUE trends:  F/FMSY and MFMT (B classified as being above 

BMSY, between BMSY and MSST, or below MSST) 
 
Level IV: 
• Data available:  landings, catch-per-effort index for part of population’s distribution, length 

data 
• Assessment model:  Production model 
• Estimates calculated:  F/FMSY and MFMT (B cannot be classified even qualitatively) 
 
Level V: 
• Data available:  landings, length data 
• Assessment model:  No model 
• Estimates calculated:  No estimates (classify catch into stable and unstable periods) 
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Table 3.2.  Observed MARMAP sample sizes by year for length and age frequencies for Florida 
snapper trap and Chevron trap gears. 
 
 
 
 
  Florida Snapper Trap: 
 

Year Lengths Ages 
1983 782 512 
1984 393 365 
1985 369 517 
1986 410 387 
1987 620 600 
Mean 515 476 

 
 
  Chevron Trap: 
 
 
 
 

Year Lengths Ages 
1990 205 530 
1991 955 408 
1992 822 417 
1993 1,107 347 
1994 722 433 
1995 1,109 0 
1996 872 0 
1997 1,003 331 
1998 612 0 
1999 697 0 
2000 459 196 
2001 512 231 
Mean 756 241 
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Table 3.3.  Parameters estimated by the red porgy stock assessment model developed during the 
SEDAR stock assessment workshop. 
 
 
 

Description No. of Parameters 
Growth Model (von Bertalanffy) 3 
Standard Deviations of Length at Age 15 
Recruitments 44 
Stock-Recruit Function 2 
Fishing Mortality (sum) (173) 
 Commercial Hook-and-Line 31 
 Commercial Trawl 18 
 Commercial Trap 31 
 Recreational Headboat 31 
 Recreational Charter 31 
 Recreational Private 31 
Selectivity (sum) (62) 
 Commercial Hook-and-Line 22 
 Commercial Trawl 2 
 Commercial Trap 4 
 Recreational 26 
 MARMAP Florida Trap 4 
 MARMAP Chevron Trap 4 
Index Catchabilities 4 
Sum  303 
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Table 3.4.  Sample sizes of length and age data used in the stock assessment of red porgy, 
grouped by fishery or MARMAP sampling gear.  N is the total number of fish sampled for length 
or age in each category. 
 
 
 
 
  Data Source    N Lengths N Ages 
 
  Commercial Hook-and-Line   77,704 1,250 
 
  Commercial Trap      1,411        0 
 
  Commercial Trawl      2,510        0 
 
  Headboat     49,012 2,645 
 
  MARMAP Florida Snapper Trap    2,574 2,381 
 
  MARMAP Chevron Trap     9,075 2,893  
 
  Total     142,286 9,169 
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Table 3.5.  Regulatory history of red porgy, including regulation period, management action, and 
the details of that regulation (SAFMC 2002). 
 
 
 

Period         Regulation  Details 
 

To 1992        Original Fishery No size, bag, or trip limits or closures  
      Management Plan       
 

Jan. 1989 to present       Amendment 1 Trawl gear banned 
 

1992 to Jan 1999       Amendment 4 305 mm minimum size limit 
 
Feb. to Aug. 1999       Amendment 9 356 mm minimum size limit; 
      5 fish recreational bag limit; 
      Mar.-Apr. commercial closure 
 
Sept. 1999 to Aug. 2000   Moratorium No landings permitted 
 
Aug. 2000 to present       Amendment 12 356 mm minimum size limit; 
      1 fish recreational bag limit; 
      Jan.-Apr. commercial closure; 
      22.7 kg commercial trip limit 
 
 



 94

Figure 3.1.  Example of observed and simulated length (a.) and age (b.) frequency data for 2001 
MARMAP Chevron Trap.  Simulated sample sizes shown are 100% of N, 50% of N, and 10% of 
N, where N is the observed sample size. 
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Figure 3.2.  Mean estimates +/- 1 standard deviation (as calculated by the stock assessment 
model) based on 10 model runs per MARMAP sample size treatment of F/FMSY (a.) and B/BMSY 
(b.).  These BRPs relate current (2001) population estimates to MSY conditions.  Fishing 
mortality and biomass are both currently below MSY conditions, for all MARMAP sample sizes 
investigated.   
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Figure 3.3.  Although standard deviation calculated by the model (dotted line) was not affected 
by a change in MARMAP sample size, estimates of F/FMSY (a.) and B/BMSY (b.) were less 
precise when sample size was reduced (solid line shows standard deviation of the 10 BRP 
estimates). 
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Figure 3.4.  Stock projections (10 runs per MARMAP sample size treatment) show little 
difference among sample size treatments for the four potential management scenarios, F=0 (a.), a 
moratorium (b.), Amendment 12 (c.), and Amendment 9 (d.).  
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Figure 3.5.  Biomass projections under Amendment 12 for original MARMAP sample size 
(100% of N; a.) and 10% of N (b.).  1000 stochastic projections were conducted for each sample 
size.  The 5th and 95th percentiles are shown in gray, and the median biomass estimates (in metric 
tons) are shown in black.  The horizontal dotted lines show the 95% confidence intervals of 
BMSY, the rebuilding target. 
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Figure 3.6.  Histogram of model runs (10 per MARMAP sample size) categorized by likelihood 
of rebuilding under Amendment 12 projections.  The smaller sample sizes have a much wider 
distribution of potential likelihood of rebuilding. 
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Figure 3.7.  Proportion of projected 2016 biomass estimates under Amendment 12 for which the 
biomass is greater than BMSY.  The mean likelihood for 10 model runs per sample size is shown, 
+/- 1 standard deviation.  The range of the 10 model runs is shown in gray.  For a management 
option to be acceptable, there must be at least a 50% likelihood (the horizontal line) of the 
biomass being above BMSY. 
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CHAPTER 4—EFFECTS OF DATA REDUCTION ON  
ASSESSMENT OF THE SNAPPER-GROUPER COMPLEX 

 
Abstract 

The majority of the 73 species in the south Atlantic snapper-grouper complex are lacking 

much of the data needed for stock assessments, and many of these species are managed from 

trends in landings or based on data from a surrogate species.  Reductions in data availability 

resulting from stricter harvest regulations or the elimination of fishery-independent surveys 

could further reduce stock assessment capabilities, making the determination of stock status 

(population biomass and fishing mortality) impossible in many instances.  To investigate the 

effects of data reduction on assessment capabilities for species in the snapper-grouper complex, I 

compiled available data for these species from commercial, headboat, recreational, and fishery-

independent sources, as well as the most recent stock assessment model or method used for each 

species.  Based on this information, I predicted what assessment capabilities would be for each 

species under a single-species moratorium (loss of fishery-dependent data) and elimination of the 

Marine Resources Monitoring, Assessment, and Prediction (MARMAP) survey (loss of fishery-

independent data).  Also, a high priority data need was identified for each species, and the 

improved assessment capabilities with these data were determined. 

Elimination of fishery-dependent data, as during a moratorium, would likely affect 

assessment capabilities for 37 of the 73 species in the complex, with an additional 21 species 

being affected indirectly by the reduction in data for the key species used in their management.  

Without fishery-dependent data, 63 species would require management based on key species, if 

suitable surrogate species were available.  Removing MARMAP data would affect assessment 

capabilities for eight species, many of which are economically important.  There was an 

overwhelming need for a reliable catch-per-effort index that could improve the assessment 
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capabilities of 67 species in the complex.  This index could be obtained by expanding MARMAP 

range, depth, or gear type, or from a fishery-dependent source like commercial logbooks or a 

fishery observer program.  Given the limited data available for the vast majority of species in the 

snapper-grouper complex, the current approach to data collection is inadequate for most accepted 

stock assessment methods and models.  By identifying the potential effects of both data loss and 

high priority data needs for the entire snapper-grouper complex, managers will be better able to 

anticipate future research needs, thereby improving management of these species.
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Introduction 

 Compared to many other fish species in the south Atlantic, red porgy Pagrus pagrus is a 

well-studied, data-rich species.  Red porgy fishery-dependent data include landings from the 

commercial and headboat fishery since 1972 and the recreational fishery since 1981, more than 

130,000 length measurements, and nearly 4,000 ages, in addition to a headboat catch-per-effort 

index collected since 1976 (SAFMC 2002a).  A relatively large amount of fishery-independent 

data is also available for this species from the Marine Resources Monitoring, Assessment, and 

Prediction (MARMAP) survey.  These data include a catch-per-effort index collected since 1983, 

more than 11,000 length measurements, and about 5,300 ages (SAFMC 2002a).  MARMAP has 

also studied red porgy release mortality, maturity schedule, hermaphroditic transition at age, and 

fecundity (Collins and Sedberry 1991; SAFMC 2002a).  

 Even for this relatively data-rich species, small reductions in data used in the red porgy 

stock assessment model affect assessment results (see Chapters 2 and 3).  When fishery-

dependent lengths and ages were removed from recent years to simulate the loss of data during a 

moratorium, estimates of biomass, fishing mortality, and other biological reference points 

(BRPs) became more variable and were slightly biased toward predicting a more productive 

population (see Chapter 2).  For longer simulated moratoria, assessment results became more 

heavily reliant on small fluctuations in MARMAP length and age frequencies.  Reducing sample 

sizes of fishery-independent lengths and ages had similar effects on assessment results (see 

Chapter 3).  When MARMAP sample sizes were small, model results were more variable.  

Overall, simulations showed that these reductions in red porgy data increased variance of BRP 

estimates and led to a slight bias toward predicting a more productive population.  Altering data 
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sources and sampling in the future could potentially affect red porgy assessment and 

management, in spite of the large amount of data available for this species. 

 

The Snapper-Grouper Complex: 

 Data are much less abundant for other reef fish in the south Atlantic snapper-grouper 

complex.  This group contains 73 species, many of which are harvested together in multispecies 

fisheries.  Although these species are caught by the same fishery, species are assessed and 

managed individually.  The agency tasked with managing these species is the South Atlantic 

Fisheries Management Council (SAFMC).   

For stock assessment purposes, the SAFMC assigns species to assessment levels based on 

the amount of data available (Table 4.1; SAFMC 2001).  There are five assessment levels, with 

Level I representing the greatest amount of data available and Level V representing the least 

data.  For Level I, which contains red porgy, data usually include landings, a reliable catch-per-

effort index, an age structure for each gear, an estimate of release mortality, and life history 

information.  In lower levels, many of these data types are not available.  Level V contains 

species for which only landings data are available (Table 4.1).   

Stock assessments conducted on Level I species use complex models capable of 

incorporating many different data sources.  A forward-projecting age-structured model, like the 

one developed for red porgy (SAFMC 2002a), works by simulating a population through time, 

and then applying annual fishing mortality, natural mortality, recruitment, and growth to this 

simulated population.  The model then attempts to statistically match the simulated population to 

the observed data from the red porgy population being assessed by estimating key parameters 

that provide the best fit.  Forward-projecting models allow for the incorporation of many kinds of 
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data.  Another modeling technique used when adequate age data are available is Virtual 

Population Analysis (VPA).  VPA models use an age-length key to calculate age-specific 

estimates of population size and fishing mortality, but are not able to include as many data types 

as a forward-projecting model (Murphy 1965; Pope 1977).  Both modeling techniques 

incorporate an age structure into the assessment, yielding age-based biomass and fishing 

mortality estimates.   

As age data become unavailable for species in lower assessment levels, the assessment 

model options are usually limited to production models.  Production models are one of the 

simpler types of population dynamics models since they only use landings data and catch-per-

effort indices and do not incorporate an age structure (Fox 1970; Polacheck et al. 1993).  They 

are therefore often less informative than VPAs or forward-projecting models, depending on the 

quality of the data.  For Level V species, the lack of a reliable catch-per-effort index makes the 

use of any of these models not possible, and no measures of stock status (population biomass or 

fishing mortality) can be calculated.  Instead, trends in landings data are used to qualitatively 

estimate stock status. 

The vast majority (73%) of the species in the south Atlantic snapper-grouper complex are 

in Level V (Figure 4.1; SAFMC 2001), with data consisting only of landings.  Only three species 

are in Level I.  To complicate management even further, many of the species in all assessment 

levels are estimated to have a depleted population or high fishing mortality rate, based on data 

available in 2001 (Table 4.2; SAFMC 2001).  The SAFMC uses the designation “overfished” to 

represent stocks for which the biomass is reduced below a minimum stock size threshold 

(MSST).  In the entire complex, 19 species (26%) are overfished (SAFMC 2001).  To identify 

when current fishing mortality exceeds a maximum fishing mortality threshold (MFMT), the 



 106

SAFMC refers to a stock as “undergoing overfishing”.  Thirty-eight species (52%) in the 

complex are undergoing overfishing (SAFMC 2001).  Fourteen species (19%) are both 

overfished and undergoing overfishing. 

Some stocks of south Atlantic snappers and groupers are so depleted or have such low 

reproductive potential that they are at risk of extinction.  Speckled hind, Goliath grouper, 

Warsaw grouper, and Nassau grouper are on the candidate list for protection under the 

Endangered Species Act, with speckled hind also identified as vulnerable to global extinction 

(Musick et al. 2000).  Yellowedge grouper, yellowmouth grouper, snowy grouper, black grouper, 

gag, and scamp have also been identified as potentially at risk of extinction (Musick et al. 2000).  

Many of these species are slow-growing and mature slowly, therefore making them more 

vulnerable to overfishing and making population recovery of an overfished stock a much longer 

process (Coleman et al. 1999).   

 

Data Reduction: 

Since many of the south Atlantic snapper-grouper species are overfished and/or 

undergoing overfishing, a number of regulations to reduce fishing mortality and facilitate stock 

recovery are currently in place.  For twenty-five species, commercial or recreational harvest is 

subject to a minimum size limit (SAFMC 2003c).  Thirty-nine species are managed by a species 

or group bag limit, and all other snapper-grouper species are subject to an aggregate 20-fish bag 

limit (SAFMC 2003c).  For two species, Goliath grouper and Nassau grouper, the commercial 

and recreational fisheries have been closed.  These regulations to reduce landings will also likely 

result in reductions in fishery-dependent data used in stock assessments of these species.  For red 

porgy, a Level I species, removing a relatively small amount of fishery-dependent length and age 
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data increased the variability of estimates of population biomass and fishing mortality (see 

Chapter 2).  For lesser-studied species, the absence of only a few years of data (as during a 

moratorium) could have a much greater impact on assessment results, since a greater proportion 

of the potentially available data would be eliminated.  For Level V species, harvest is the sole 

data source.  Eliminating harvest with a moratorium would make the direct assessment of 

population recovery of many Level V species impossible if no additional sampling occurred 

from other data sources (i.e., MARMAP). 

 Management of many Level V species is based on data for another, better-studied species 

that is used as an indicator (SAFMC 2001).  Key species are chosen to represent one or more 

species with similar life history characteristics, ecology, and harvest, until such time that 

sufficient data are available for more accurate assessment of the lesser-studied species.  In the 

snapper-grouper complex, there are nine species for which data are used to manage an additional 

31 species (Table 4.3; SAFMC 2001).  For each key species, any reduction in data availability 

could result in a decreased ability to manage not only itself, but also the other related species. 

 Fishery-independent data are also important to stock assessments.  However, collecting 

fishery-independent data is often quite expensive, with the MARMAP survey alone costing 

roughly $850,000 annually (Department of Commerce 2001).  With this high price tag, future 

reductions in this data source are possible, potentially impacting stock assessments for a number 

of species.  Reducing sample sizes of fishery-independent lengths and ages used in the red porgy 

assessment increased variability of BRP estimates, making management decisions for this 

species less certain (see Chapter 3).  Chen et al. (2003) showed that variability increased when 

fishery-independent data were omitted from an abalone Haliotic iris stock assessment, and that 

excluding this data source also led to a bias toward predicting a more productive stock.   
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Although MARMAP collects data on every fish caught by the survey, these data are often 

inadequate for assessments of the less common species.  For 61 species in the snapper-grouper 

complex, the MARMAP survey gear and depth are not appropriate or the species is too rare to be 

caught regularly, creating an unreliable catch-per-effort (CPUE) index (Pat Harris, SC-DNR, 

personal communication).  A reliable CPUE index from the MARMAP survey is available for 

only ten species in the snapper-grouper complex, with these species being caught regularly and 

in sufficient quantity for a number of years.  Two additional species have a moderately reliable 

MARMAP CPUE index, but catches of these species are much lower  (Pat Harris, SC-DNR, 

personal communication).  Chen et al. (2003) identified the most influential data type in the 

abalone assessment as a fishery-independent catch-per-effort index, data which are lacking for 

the majority of snapper-grouper species.  For species for which MARMAP data are available, 

any decrease in MARMAP sample size would likely increase variability in BRP estimates, and 

elimination of the MARMAP catch-per-effort index would also decrease assessment capabilities.   

My goal was to better understand how a future reduction in fishery-dependent or fishery-

independent data could impact assessment capabilities for the species of the snapper-grouper 

complex.  To accomplish this, I evaluated the effects of a single-species moratorium (and the 

resulting loss of fishery-dependent data) on the ability to assess each species in the south Atlantic 

snapper-grouper complex.  I also investigated how the loss of fishery-independent data from the 

MARMAP survey would affect assessment capabilities.  Since needed data are lacking for many 

of these snapper-grouper species, I identified a high priority data need for each species and 

predicted the potential impact of these data on assessments.  By evaluating potential data loss 

prior to management decisions or sampling changes, managers will be better able to identify 

future data needs, improving their ability to assess and manage these species. 
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Methods 

Fishery-Dependent Data: 

Data available from fishery-dependent sources were compiled for each of the 73 species 

in the south Atlantic snapper-grouper complex.  Commercial landings data (Table 4.4) were 

obtained from the National Marine Fisheries Service commercial data website for all species 

(NMFS 2003).  The year that landings began being identified to species is listed (NMFS 2003).  

Mean landings in metric tons (mt) was calculated for 1992-2001 by species.  Sample sizes of 

lengths and ages sampled from the commercial fishery by the Trip Interview Program (TIP) from 

1984-2002 were available from the Southeast Fisheries Science Center (Josh Bennett, NOAA-

SEFSC, Miami, FL, personal communication).  Information on additional length and age 

samples from the commercial fishery were obtained from published literature (Parker and Mays 

1998; Potts 2000; Burton 2001; Potts and Brennan 2001; Potts and Manooch 2001; Vaughan et 

al. 2001; Burton 2002; SAFMC 2002a, b, 2003a, b).  Use of commercial logbook data for CPUE 

indexes in recent assessments was also noted (Cummings and McClellan 1997; Potts 2000; 

Vaughan et al. 2001).   

Data from the headboat fishery are listed in Table 4.5.  Headboats catch nearly all species 

in the snapper-grouper complex (Jennifer Potts, NMFS, Beaufort, NC, personal communication).  

For species for which landings were published, the mean landings were calculated for 1992-2001 

(Parker and Mays 1998; Potts and Manooch 1999; Potts and Brennan 2001; SAFMC 2002a, 

2003a, b).  Length and age sample sizes were recorded, when available (Parker and Mays 1998; 

Potts and Manooch 1999; Burton 2001; Potts and Brennan 2001; Potts and Manooch 2001; 

Burton 2002; SAFMC 2002a, b, 2003a, b).  While a headboat CPUE is available for most of 

these species, species for which the CPUE had been deemed appropriate for assessment purposes 
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are listed (Cummings and McClellan 1997; Potts 2000; Potts and Brennan 2001; Vaughan et al. 

2001; SAFMC 2002a, b, 2003a, b). 

Data from the recreational fishery (Table 4.6) were obtained from the Marine 

Recreational Fishing Statistics Survey (MRFSS) website (MRFSS 2003).  For species listed on 

the website, mean recreational landings (in mt) were calculated for 1992-2001.  Landings for 

additional species were obtained from publications (Parker and Mays 1998; Potts 2000; Potts and 

Brennan 2001), as well as sample sizes of lengths sampled from the recreational fishery (Potts 

and Brennan 2001; SAFMC 2003a, b).  MRFSS data include CPUE estimates for most species, 

but as some species have highly variable MRFSS landings or are not targeted species, these 

CPUE indices are not appropriate for all species (Cummings and McClellan 1997; Potts 2000; 

Potts and Brennan 2001; SAFMC 2002a, 2003a, b). 

 

Fishery-Independent Data: 

 Fishery-independent data from the MARMAP survey are summarized in Table 4.7.  

MARMAP collects lengths for all fish in the survey, but not all are listed in the table.  Age 

studies are conducted periodically, and sample sizes of fish aged are listed (Potts 2000; Potts and 

Manooch 2001; Burton 2002; SAFMC 2002a, b, 2003a, b).  A number of species have been 

designated an aging priority (indicated by “yes” in the “# ages” column), and MARMAP will 

likely age these species within five years (Pat Harris, SC-DNR, Charleston, SC, personal 

communication).  Due to the relatively shallow depth of the trap gear to collect fish, the CPUE 

index is unreliable for the majority of species (Pat Harris, SC-DNR, Charleston, SC, personal 

communication).  Index catches were very low for a number of species, particularly the 

deepwater species and the majority of groupers, so the MARMAP CPUE index would not be 
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suitable for use in assessments of these species (Pat Harris, SC-DNR, Charleston, SC, personal 

communication).  Information on maturity (including protogynous transition for some species), 

fecundity, and release mortality is also available for a limited number of species (Vaughan et al. 

2001; SAFMC 2002a, b, 2003a, b). 

 

Stock Assessment Methods: 

The most recent model or method used in stock assessment was listed for each species in 

Table 4.8 (Potts 2000; Potts and Brennan 2001; SAFMC 2001; Vaughan et al. 2001; SAFMC 

2002a, b, 2003a, b).  If multiple models were investigated, the model deemed to be most 

appropriate by the assessment team or the SAMFC is listed (SAFMC 2002a).  The list of 

methods and models includes (from most complex/most data to least complex/least data):  

forward-projecting age-based model, forward-projecting length-based model, virtual population 

analysis (VPA), production model, catch curve analysis, trends in landings, and same status as 

key species. 

 

Changes in Data Availability: 

 Once the data were compiled for each species and the current assessment method or 

model was determined, I theorized what the potential effects of future changes in sampling 

would be on assessment capabilities (Table 4.8).  I determined what the new assessment options 

would be if the fishery for each species was under an extended moratorium and fishery-

dependent data were no longer being collected.   I also predicted what effects the future 

elimination of fishery-independent data from the MARMAP survey would have on assessment 

capabilities for species in the snapper-grouper complex.  If changes in assessment capabilities 
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resulted from reductions in fishery-dependent or fishery-independent data availability, the new 

assessment method is indicated by bold font in Table 4.8.  Species that serve as key indicator 

species for the management of other snappers and groupers are identified by an asterisk (*) in 

Table 4.8, in order to emphasize where data loss would impact the management of multiple 

species.  

 

Data Needs: 

In addition to knowing what effect the elimination of data sources has on assessment 

capabilities, it is also important to identify key data that are lacking.  Table 4.9 lists the current 

stock assessment method, as well as a high priority data need for each species (Potts 2000; Potts 

and Brennan 2001; SAFMC 2001; Vaughan et al. 2001; SAFMC 2002a, b, 2003a, b).  In most 

instances, the general data need is emphasized (i.e., CPUE index) rather than the specific source 

or method (i.e., CPUE from MARMAP, logbook, headboat, etc.).  The predicted improvements 

to stock assessments resulting from the collection of these important data are listed.  Also, 

species that serve as key species are indicated by an asterisk (*), in order to highlight where data 

collection would impact the management of multiple species.   
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Results 

Data availability ranged widely among species in the south Atlantic snapper-grouper 

complex, and the vast majority of species lacked the data needed for stock assessment models 

(Tables 4.4, 4.5, 4.6, and 4.7).  Eliminating fishery-dependent data, as during a single-species 

moratorium, would directly reduce assessment capabilities of 37 species and indirectly affect 21 

other species that rely on data from these key species (Table 4.8).  For the 36 species in which 

assessment capabilities did not change with a moratorium, 30 species were already being 

managed based on data for a key species, so a moratorium for these poorly-studied species would 

not affect data used in assessments.  Without fishery-dependent data, an estimated 63 of the 73 

species would require management by a key species (assuming one was available).  If a key 

species was not available, management decisions would not be based on current data and would 

therefore be theoretical and experimental. 

     The loss of fishery-independent MARMAP data affected fewer species, since 

MARMAP data used in assessments were available for a relatively small number of species 

(Table 4.8).  The assessment of eight species would have been affected by the elimination of 

MARMAP data.  These species all have a reliable MARMAP CPUE index (Pat Harris, SC-DNR, 

Charleston, SC, personal communication), and the loss of this index would decrease assessment 

capabilities. 

 A reliable catch-per-effort index was the piece of information that had the greatest 

potential to dramatically improve the assessment capabilities of 67 of the 73 species (Table 4.9).  

Another important data need was the collection of a sufficient time series of aging data  These 

age data have the potential to dramatically improve assessments for five species, for which 

reliable CPUE indices are already available.   
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Discussion 

Changes in Data Availability: 

 The elimination of fishery-dependent data would greatly inhibit the ability to assess the 

majority of the species in the south Atlantic snapper-grouper complex.  This is the dominant, and 

often only, data source for most of these species.  For nine of the 12 species in Levels I, II, and 

III, the class of assessment method or model would change with an extended moratorium (Table 

4.8).  Even for these “well-studied” species, the lack of fishery-dependent data could result in six 

species in Levels I, II, and III being managed based on data from a key species, and three of 

these species currently are key species.   

For the three species in Levels I, II, and III for which the assessment method or model 

did not change, the lack of fishery-dependent data would likely result in more variability in stock 

assessment results and population projections, as I saw in my simulations for red porgy (see 

Chapter 2).  In my work with red porgy and the work of Chen et al. (2003) with abalone, the 

elimination of fishery-dependent data resulted in forward-projecting models being slightly biased 

toward estimating more productive stocks.  If this bias exists for other species, it would lead 

managers to accept management actions that appear appropriate, but are in fact not restrictive 

enough. 

For species in Levels IV and V, very little fishery-independent data are available, so the 

loss of fishery-dependent data during a moratorium would make assessments impossible in many 

instances.  In these levels, an extended moratorium would result in changes in assessment 

method for 28 of the 61 species (Table 4.8).  Thirty additional species are currently being 

managed based on key species, so a moratorium on these species would have no effect on 

assessment.  However, a reduction in fishery-dependent data for the nine key species would 
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likely affect the assessment capabilities of an additional 21 species (Table 4.8).  An extended 

moratorium would likely result in 57 of the 61 species in Levels IV and V being managed based 

on key species.  However, many of these species do not have surrogate species that could be 

appropriately used as a key species.  If data for a key species were not available (or there was no 

surrogate species), stock recovery during a moratorium would be impossible to determine.   

To effectively manage these species and assess population recovery during a moratorium, 

additional data would be needed.  Since many of these species are caught in the same fisheries, 

analysis of bycatch through a fisheries observer program would yield valuable data for a number 

of species.  Another option for data collection would be to initiate a “test fishery” after an 

extended moratorium in order to collect fishery-dependent data in a relatively short time and then 

use these data to estimate the status of the stock.  A third option for additional sampling during a 

moratorium is from fishery-independent sources.  Although MARMAP data are currently not 

sufficient for assessments of many snappers and groupers, an expanded survey (i.e., into deeper 

water, more gear types, etc.) could prove invaluable for assessing these species in the future.  

Assessments of a number of species would likely benefit from data from a fisheries observer 

program or an expanded fishery-independent survey, even without a moratorium in place.  Data 

collected from these sources prior to a moratorium would improve the capability to detect trends, 

since the longer time series would make population recovery during a moratorium more 

apparent. 

 The elimination of fishery-independent data from the MARMAP survey would affect the 

assessment capabilities of fewer species than the elimination of fishery-dependent data.  Only 

eight species would be likely to have lower assessment capabilities without MARMAP data 

(Table 4.8), since only eight species have reliable MARMAP CPUE indices used in assessments 
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(Table 4.7).  However, the majority of these eight species are very important to the economy of 

the south Atlantic region (Table 4.10).  Five of the ten most economically important fish for the 

commercial fishery (based on 2001 landings; NMFS 2003) and four of the ten species caught 

most frequently by the recreational fishery (based on 2001 survey data; MRFSS 2003) would 

have reduced assessment capabilities without MARMAP data.  The MARMAP CPUE is 

undoubtedly important in the assessment of these eight species, and Chen et al. (2003) identified 

a fishery-independent CPUE index as the most influential data source in the abalone stock 

assessment simulations.  For the other species, MARMAP may contribute valuable information 

on length, age, and life history, but the CPUE indices are not used in stock assessments.  Without 

a CPUE index, stock assessment models cannot be used and these other data types cannot be 

quantitatively incorporated into assessments.  If MARMAP data were reduced or eliminated, 

increased variance of BRP estimates and projections would be likely (Chapter 3), as well as a 

potential bias toward estimating a more productive stock (Chen et al. 2003).   

 If this bias that results from data omission occurs for all stock assessments, it would be a 

definite cause for concern.  In the simulations for red porgy (Chapters 2 and 3) and abalone 

(Chen et al. 2003), removing a data source increased variability and resulted in a bias that 

slightly overestimated stock productivity.  If some of the lesser-studied species in the south 

Atlantic snapper-grouper complex were viewed in the context of these simulations (as a well-

studied species with a data source eliminated), assessments could potentially be overestimating 

the productivity of these species as well.  Without knowing the true status of these populations, it 

is impossible to determine if this bias exists, but it does suggest the necessity of precautionary 

management when data are limited. 
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Data Needs: 

 Collecting enough data so that the 73 species in the snapper-grouper complex would be in 

Level I is clearly not feasible.  However, there are a number of data types that, if collected for a 

sufficient period of time, would dramatically improve assessment capabilities for a number of 

species.  There is an overwhelming need for a reliable CPUE index for 67 of the species in the 

complex (Table 4.9).  This index could be obtained in a number of ways.  MARMAP or another 

fishery-independent survey could expand range (especially into deeper water) or gear type in 

order to collect a wider range of species.  While fishery-independent data are usually less biased 

and allow for more statically valid comparisons than harvest data, expanded MARMAP survey 

data would need to be collected for multiple years in order to see any trends in CPUE data and be 

useful in stock assessments. 

A reliable fishery-dependent CPUE index could also be developed.  Commercial logbook 

data have been used in stock assessments (Cummings and McClellan 1997; Potts 2000; Vaughan 

et al. 2001), but it is often difficult to identify the best measure of effort (i.e., days, hours, boats, 

etc.), and this is further complicated by identifying which species are being targeted.  Logbook 

data have been collected for the NMFS-Southeast Fisheries Science Center (SEFSC) from all 

snapper-grouper fishermen since 1993 (John Poffenberger, NFMS-SEFSC, Miami, FL, personal 

communication).  Vessels are required to report all trips where species in the snapper-grouper 

complex are caught.  Problems do exists with the reliability of reporting and the quality of the 

data, however, so intensive study must be done on developing an acceptable methodology to 

convert logbook data to a commercial CPUE suitable for use in assessments.  If the commercial 

logbook data do yield a reliable CPUE index, this index could prove useful in stock assessments 

for a number of species, since ten years of data have already been collected.  However, there are 
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often problems associated with using data collected from commercial fisheries as the sole data 

source for stock assessments (Hilborn and Walters 1992; Chen et al. 2003).  Also, a moratorium 

would eliminate this data source, so using data from multiple sources is preferable.  Using 

logbook data to develop a commercial CPUE needs to be investigated, since its current value is 

still unknown.  But for the many species in the snapper-grouper complex currently being 

managed by landings or based on key species, a logbook CPUE could potentially provide data to 

improve assessment capabilities.   

Even though a reliable catch-per-effort index could theoretically improve assessment 

capabilities for 67 of the 73 species in the complex, some species are so rare in the south Atlantic 

that obtaining this CPUE is not feasible.  The south Atlantic Bight may be towards the edge of 

the range of some species, which may therefore appear to be rare.  For example, black margate, 

blue stripe grunt, cottonwick, and porkfish are rarely caught by south Atlantic fisheries (Table 

4.4).  South Florida is the northern extent of their ranges, and these species occur in much greater 

numbers in the Gulf of Mexico and off the coasts of Venezuela and Brazil (Froese and Pauly 

2003).  For these species, increased sampling in the south Atlantic would yield only a minor 

improvement to stock assessments, since the majority of the population inhabits other regions.   

A number of other species, particularly some of the deepwater grouper species, occur in 

such low numbers that regularly collecting fish would require very large effort, possibly making 

CPUE values so low that trends could not be detected anyway.  For the species potentially at risk 

of extinction (Goliath grouper, Nassau grouper, Warsaw grouper, and speckled hind; Musick et 

al. 2000), increased sampling may actually prove detrimental to population recovery, since fish 

are usually removed from the population during sampling.  Although increased data collection 
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would improve assessment capabilities for the majority of species, it may not be feasible or 

beneficial for the rarer species of the complex. 

Given the low assessment level of the vast majority of species in the snapper-grouper 

complex, the current approach to data collection is inadequate for most accepted stock 

assessment methods and models.  Data availability would decrease even further under strict 

regulations, such as a moratorium, thereby further inhibiting assessment efforts.  Lack of fishery-

independent data from the MARMAP survey would also reduce assessment capabilities for a 

number of species.  However, there are several high priority data needs that could potentially 

improve assessments for many species in the complex.  By identifying the potential effects of 

both data loss and high priority data needs for the entire snapper-grouper complex, managers will 

be better able to anticipate future research needs, thereby improving management of these 

species. 
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Table 4.1.  Categories are based on amount of available data on fish stocks and are used by the 
SAFMC in stock assessments, where Level I is the most data available and Level V is the least 
data available (SAFMC 2001).  
 
 
 
Level I:   
• Data available:  landings, catch-per-effort index, age structure for each gear, discard 

mortality, life history information 
• Assessment models:  Forward-projecting age-structured model, VPA, production model 
• Estimates calculated:  F/FMSY, B/BMSY, MSST, and MFMT 
 
Level II: 
• Data available:  landings, catch-per-effort index, some age structure for each gear, life history 

information 
• Assessment models:  Forward-projecting age-structured model, VPA, production model 
• Estimates calculated from CPUE trends:  F/FMSY, B/BMSY, MSST, and MFMT 
 
Level III: 
• Data available:  landings, catch-per-effort index for part of population’s distribution, limited 

age structure for each gear, some life history information 
• Assessment models:  Forward-projecting length-structured model, VPA, production model 
• Estimates calculated from CPUE trends:  F/FMSY and MFMT (B classified as being above 

BMSY, between BMSY and MSST, or below MSST) 
 
Level IV: 
• Data available:  landings, catch-per-effort index for part of population’s distribution, length 

data 
• Assessment model:  Production model 
• Estimates calculated:  F/FMSY and MFMT (B cannot be classified even qualitatively) 
 
Level V: 
• Data available:  landings, length data 
• Assessment model:  No model 
• Estimates calculated:  No estimates (classify catch into stable and unstable periods) 
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Table 4.2.  Species of the south Atlantic snapper-grouper complex, listed by SAFMC stock 
assessment data level (SAFMC 2001).  A “B” identifies species that are currently designated as 
overfished (depleted biomass; 19 species), and a “F” represents species where overfishing is 
occurring (fishing mortality is too high; 38 species). 
 
 
 
Level I 
Black sea bass B, F Red porgy B Wreckfish
 
Level II 
Gray triggerfish F 
Greater amberjack 

Snowy grouper B, F 
Speckled hind B, F 

Vermilion snapper F 
White grunt F

 
Level III
Gag grouper F Mutton snapper Scamp 
 
Level IV 
Black grouper B, F 
Cubera snapper 
Gray snapper 

Red grouper B, F 
Red snapper B, F 
Tilefish F 

Warsaw grouper B, F 
Yellowtail snapper B, F

 
Level V 
Almaco jack 
Banded rudderfish 
Bank sea bass B, F 
Bar jack 
Black margate B 
Black snapper F 
Blackfin snapper F 
Blueline tilefish F 
Blue runner 
Blue stripe grunt F 
Coney F 
Cottonwick F 
Crevalle jack 
Dog snapper 
French grunt F 
Goliath grouper B 
Grass porgy 
Graysby F 

Hogfish 
Jolthead porgy 
Knobbed porgy 
Lane snapper 
Lesser amberjack 
Longspine porgy 
Mahogany snapper 
Margate F 
Misty grouper B, F 
Nassau grouper B 
Ocean triggerfish 
Porkfish F 
Puddingwife 
Queen snapper F 
Queen triggerfish 
Red hind F 
Rock hind F 
Rock sea bass B, F 

Sailors choice F 
Sand tilefish F 
Saucereye porgy 
Schoolmaster 
Scup 
Sheepshead 
Silk snapper F 
Smallmouth grunt F 
Spadefish 
Spanish grunt F 
Tiger grouper B, F 
Tomtate F 
Whitebone porgy 
Yellowedge grouper B, F 
Yellowfin grouper B, F 

Yellowmouth grouper B, F 
Yellow jack
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Table 4.3.  Indicator species in the snapper-grouper complex and the lesser-studied species they 
represent (SAFMC 2001). 
 
 
 

Key Species Species Represented by Key Species 
Mutton snapper Cubera snapper   
Vermilion snapper Black snapper   
 Blackfin snapper 
 Silk snapper   
Gray snapper Queen snapper   
 Dog snapper   
 Mahogany snapper 
Gag grouper Schoolmaster   
 Coney  
 Graysby  
 Red hind  
Black grouper Rock hind   
 Tiger grouper   
 Yellowfin grouper 
 Yellowmouth grouper  
Snowy grouper Misty grouper   
 Yellowedge grouper 
White grunt Black margate   
 Blue stripe grunt   
 Cottonwick   
 French grunt   
 Margate  
 Porkfish  
 Sailors Choice   
 Smallmouth grunt 
 Spanish grunt   
 Tomtate  
Golden tilefish Blueline tilefish   
 Sand tilefish   
Black sea bass Bank sea bass   
 Rock sea bass   
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Table 4.4.  Commercial fishery data for the south Atlantic snapper-grouper complex.  Year is 
when landings were first recorded to species.  Mean landings are the mean of 1992-2001 (in mt).   
 
    Commercial   
Species Level landings    Sources: 

    year mean (mt) # lengths # ages cpue   
black sea bass I 1973 313.7 43592 173  1, 5, 12 

red porgy I 1972 108.8 81625 1250  5, 10 

wreckfish I 1988 122.4 45495 841 yes 1, 5, 14 

gray triggerfish II --- 0.0 20288 36  1, 5 

greater amberjack II 1986 275.0 10616 1019 yes 1, 4, 5 

snowy grouper II 1980 165.5 61311 1808  1, 5, 8, 11 

speckled hind II 1980 2.4 9745 249  1, 5, 8, 11 

vermilion snapper II 1970 420.0 179029 1811  1, 5, 13 

white grunt II 1991 1.4 22032 812 yes 1, 5, 7, 9 

gag grouper III 1986 365.4 47430 1611  1, 5 

mutton snapper III 1972 33.1 12097 1894  1, 3, 5 

scamp III 1986 138.0 64059 425   1, 5 

black grouper IV 1981 20.4 3949 137  1, 5, 8 

cubera snapper IV 1982 2.2 279 11  1, 5 

golden tilefish IV 1975 292.4 108577 4892  1, 5, 8 

gray snapper IV 1972 33.3 28647 2782  1, 2, 5 

red grouper IV 1981 94.7 38609 2175  1, 5, 11 

red snapper IV 1972 61.9 24928 1033  1, 5, 11 

Warsaw grouper IV 1972 2.4 481 54  1, 5, 6 

yellowtail snapper IV 1977 62.1 26279 7046   1, 5 

almaco jack V 1991 10.7 7341 136  1, 5 

banded rudderfish V 1992 7.6 2302 23  1, 5 

bank sea bass V 1991 0.3 137 1  1, 5 

bar jack V 1993 0.5 184 0  1, 5 

black margate V --- 0.0 692 1  1, 5 

black snapper V 1984 0.0 50 0  1, 5 

blackfin snapper V 1982 0.0 1287 18  1, 5 

blue runner V 1972 48.1 7313 1  1, 5 

blue stripe grunt V --- 0.0 260 68  1, 5 

blueline tilefish V 1975 68.3 16152 114  1, 5, 6 

coney V 1996 1.2 1421 10  1, 5 

cottonwick V --- 0.0 70 0  1, 5 

crevalle jack V 1972 163.5 10279 7  1, 5 

dog snapper V 1991 0.2 94 17  1, 5 

French grunt V --- 0.0 27 12  1, 5 

Goliath grouper V 1972 0.0 0 0  1, 5 

grass porgy V --- 0.0 30 0  1, 5 

graysby V 1991 2.0 1049 16  1, 5 

hogfish V 1972 17.7 4674 7  1, 5 

jolthead porgy V 1993 0.3 949 11  1, 5 

knobbed porgy V 1985 19.1 6763 0   1, 5 
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Table 4.4. (cont.) 
 
    Commercial   
Species Level landings    Sources: 

    year mean (mt) # lengths # ages cpue   
lane snapper V 1972 3.4 5556 1514  1, 5 

lesser amberjack V 1991 2.0 746 2  1, 5 

longspine porgy V --- 0.0 81 0  1, 5 

mahogany snapper V 1996 0.0 34 6  1, 5 

margate V 1994 3.6 360 11  1, 5 

misty grouper V --- 0.0 68 2  1, 5 

Nassau grouper V 1986 0.2 302 0  1, 5 

ocean triggerfish V --- 0.0 554 0  1, 5 

porkfish V --- 0.0 507 0  1, 5 

puddingwife V --- 0.0 4 0  1, 5 

queen snapper V 2000 0.1 177 9  1, 5 

queen triggerfish V --- 0.0 924 1  1, 5 

red hind V 1984 9.5 4048 32  1, 5 

rock hind V 1984 6.6 7456 28  1, 5 

rock sea bass V 1992 0.1 77 0  1, 5 

sailors choice V --- 0.0 364 4  1, 5 

sand tilefish V 1994 0.2 245 0  1, 5 

saucereye porgy V --- 0.0 198 0  1, 5 

schoolmaster V 1992 0.0 130 15  1, 5 

scup V 1985 18.3 95 0  1, 5 

sheepshead V 1972 133.6 8382 9  1, 5 

silk snapper V 1980 2.5 11041 70  1, 5, 6 

smallmouth grunt V --- 0.0 0 0  1, 5 

spadefish V 1972 20.7 774 0  1, 5 

Spanish grunt V --- 0.0 9 1  1, 5 

tiger grouper V --- 0.0 2 0  1, 5 

tomtate V --- 0.0 1091 6  1, 5 

whitebone porgy V 1985 0.0 1330 3  1, 5 

yellow jack V --- 0.0 219 0  1, 5 

yellowedge grouper V 1986 9.8 5692 201  1, 5, 8 

yellowfin grouper V 1984 1.0 1244 5  1, 5 

yellowmouth grouper V --- 0.0 2176 13   1, 5 
        
  Sources:      
 1 Bennett 2003 8 Potts and Brennan 2001  
 2 Burton 2001  9 Potts and Manooch 2001  
 3 Burton 2002  10 SAFMC 2002a  
 4 Cummings and McClellan 1997 11 SAFMC 2002b  
 5 NMFS 2003  12 SAFMC 2003a  
 6 Parker and Mays 1998 13 SAFMC 2003b  
 7 Potts 2000  14 Vaughan et al. 2001  
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Table 4.5.  Headboat fishery data for the south Atlantic snapper-grouper complex.  Year is when 
landings were first recorded to species.  Mean landings are the mean of 1992-2001 (in mt). 
 
    Headboat   
Species Level landings     Sources: 

    year mean (mt) # lengths # ages cpue   

black sea bass I 1978 71.4 101943  yes 12 

red porgy I 1972 33.2 49012 2645 yes 10 

wreckfish I 1972         9, 14 

gray triggerfish II 1973 76.5 18055  yes 7 

greater amberjack II 1972 44.2 2719  yes 3, 7 

snowy grouper II 1972 0.6 1005  yes 7, 11 

speckled hind II 1972 0.4 1901    7, 11 

vermilion snapper II 1976 141.4 98314 628 yes 13 

white grunt II 1972 90.5 59708 824 yes 6, 7, 8 

gag grouper III 1972 40.2 10112  yes 7 

mutton snapper III 1972  306 306   2, 9 

scamp III 1972 31.9 10266   yes 7 

black grouper IV 1981 4.2 613  yes 7, 11 

cubera snapper IV 1972      9 

golden tilefish IV 1981 0.1 146    7 

gray snapper IV 1972  10705 1226   1, 9 

red grouper IV 1972 20.2 5973  yes 7, 11 

red snapper IV 1972 19.3 9896  yes 7, 11 

Warsaw grouper IV 1972 0.7 294    4 

yellowtail snapper IV 1981     1000s yes 11 

almaco jack V 1972      9 

banded rudderfish V 1972      9 

bank sea bass V 1972      9 

bar jack V 1972      9 

black margate V 1972      9 

black snapper V 1972      9 

blackfin snapper V 1972 0.5 258    4 

blue runner V 1972      9 

blue stripe grunt V 1972      9 

blueline tilefish V 1972 0.4 1018    4 

coney V 1972 0.3 52 52   5 

cottonwick V 1972      9 

crevalle jack V 1972      9 

dog snapper V 1972      9 

French grunt V 1972     9 

Goliath grouper V 1972      9 

grass porgy V 1972      9 

graysby V 1973 0.5 115 115   5 

hogfish V 1972      9 

jolthead porgy V 1972     9 

knobbed porgy V 1972         9 
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Table 4.5. (cont.) 
 
    Headboat   
Species Level landings     Sources: 

    year mean (mt) # lengths # ages cpue   

lane snapper V 1972      9 

lesser amberjack V 1972      9 

longspine porgy V 1972      9 

mahogany snapper V 1972      9 

margate V 1972      9 

misty grouper V 1972      9 

Nassau grouper V 1972      9 

ocean triggerfish V 1972      9 

porkfish V 1972      9 

puddingwife V 1972      9 

queen snapper V 1972      9 

queen triggerfish V 1972      9 

red hind V 1972      9 

rock hind V 1972      9 

rock sea bass V 1972      9 

sailors choice V 1972      9 

sand tilefish V 1972      9 

saucereye porgy V 1972      9 

schoolmaster V 1972      9 

scup V 1972      9 

sheepshead V 1972      9 

silk snapper V 1972 1.5 1349    4 

smallmouth grunt V ---      9 

spadefish V 1972      9 

Spanish grunt V 1972      9 

tiger grouper V 1972      9 

tomtate V 1972      9 

whitebone porgy V 1972     9 

yellow jack V 1972      9 

yellowedge grouper V 1981 0.1 97    7 

yellowfin grouper V 1972      9 

yellowmouth grouper V 1972         9 
        
 Sources:      

1 Burton 2001  8 Potts and Manooch 2001  

2 Burton 2002  9 Potts, personal communication 

3 Cummings and McClellan 1997 10 SAFMC 2002a  

4 Parker and Mays 1998 11 SAFMC 2002b  

5 Potts 1999  12 SAFMC 2003a  

6 Potts 2000  13 SAFMC 2003b  

7 Potts and Brennan 2001 14 Vaughan et al. 2001  
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Table 4.6.  Recreational fishery data for the south Atlantic snapper-grouper complex.  Year is 
when landings were first recorded to species.  Mean landings are the mean of 1992-2001 (in mt). 
 
    Recreational   
Species Level landings    Sources:

    year mean (mt) # lengths cpue   

black sea bass I 1981 292.6 8420 yes 2, 7 

red porgy I 1981 24.4 813   2, 5, 6 

wreckfish I           

gray triggerfish II 1981 145.5 1266 yes 2, 5 

greater amberjack II 1981 392.5 1276 yes 1, 2, 5 

snowy grouper II 1981 15.2 67   5 

speckled hind II 1981 0.7 12   5 

vermilion snapper II 1981 135.2 1781 yes 2, 8 

white grunt II 1981 144.6 1976 yes 4, 5 

gag grouper III 1981 201.0 920   2, 5 

mutton snapper III 1981 93.2  yes 2 

scamp III 1982 12.5 399 yes 5 

black grouper IV 1981 45.1 172   5 

cubera snapper IV        

golden tilefish IV 1981 2.2 28   5 

gray snapper IV 1981 169.3  yes 2 

red grouper IV 1981 44.6 310   2, 5 

red snapper IV 1981 107.0 974 yes 2, 5 

Warsaw grouper IV 1981 20.0    3 

yellowtail snapper IV 1981 55.8   yes 2 

almaco jack V        

banded rudderfish V        

bank sea bass V        

bar jack V        

black margate V        

black snapper V        

blackfin snapper V        

blue runner V        

blue stripe grunt V        

blueline tilefish V        

coney V        

cottonwick V        

crevalle jack V 1981 364.5  yes 2 

dog snapper V        

French grunt V        

Goliath grouper V        

grass porgy V        

graysby V        

hogfish V        

jolthead porgy V        

knobbed porgy V           



 131

Table 4.6. (cont.) 
 
    Recreational   
Species Level landings    Sources: 

    year mean (mt) # lengths cpue   

lane snapper V        

lesser amberjack V        

longspine porgy V        

mahogany snapper V        

margate V        

misty grouper V        

Nassau grouper V        

ocean triggerfish V        

porkfish V        

puddingwife V        

queen snapper V        

queen triggerfish V        

red hind V        

rock hind V        

rock sea bass V        

sailors choice V        

sand tilefish V        

saucereye porgy V        

schoolmaster V        

scup V 1981 1.8    2 

sheepshead V 1981 862.1    2 

silk snapper V        

smallmouth grunt V        

spadefish V 1981 119.9    2 

Spanish grunt V        

tiger grouper V        

tomtate V        

whitebone porgy V        

yellow jack V        

yellowedge grouper V 1981 0.0 2   5 

yellowfin grouper V        

yellowmouth grouper V           
       
 Sources:     

1 Cummings and McClellan 1997 5 Potts and Brennan 2001 

2 MRFSS 2003  6 SAFMC 2002a 

3 Parker and Mays 1998 7 SAFMC 2003a 

4 Potts 2000  8 SAFMC 2003b 
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Table 4.7.  Fishery-independent data from the MARMAP survey for the south Atlantic snapper-
grouper complex.  An entry of “yes” in the # ages column identifies species that MARMAP has 
designated as priorities for future aging. 
 
    MARMAP Data   
Species Level # lengths # ages cpue maturity fecundity release Sources:

black sea bass I 86297 9065 good (1981) yes  yes 7 

red porgy I 11649 5274 good (1983) yes yes yes 5 

wreckfish I   yes unreliable yes yes   2, 9 

gray triggerfish II  yes good (1981) yes    2 

greater amberjack II  yes unreliable     2 

snowy grouper II  129 good (1998) yes    2, 6 

speckled hind II  189 unreliable yes    2, 6 

vermilion snapper II 24216 1634 good (1983) yes yes yes 8 

white grunt II   116 good (1981)       3, 4 

gag grouper III  yes unreliable yes yes   2, 6 

mutton snapper III 209 209 unreliable     1, 2 

scamp III   yes good       2 

black grouper IV few yes unreliable    2, 6 

cubera snapper IV   unreliable    2 

golden tilefish IV  517 unreliable yes yes  2, 6 

gray snapper IV   unreliable    2 

red grouper IV  281 good (1990) yes   2, 6 

red snapper IV  472 moderate (1990) yes yes  2, 6 

Warsaw grouper IV  20 unreliable limited   2, 6 

yellowtail snapper IV     unreliable       2, 6 

almaco jack V   unreliable    2 

banded rudderfish V   unreliable    2 

bank sea bass V  yes good (1981)    2 

bar jack V   unreliable    2 

black margate V   unreliable    2 

black snapper V   unreliable    2 

blackfin snapper V   unreliable    2 

blue runner V   unreliable    2 

blue stripe grunt V   unreliable    2 

blueline tilefish V  yes unreliable    2 

coney V  yes unreliable    2 

cottonwick V   unreliable    2 

crevalle jack V   unreliable    2 

dog snapper V   unreliable    2 

French grunt V    unreliable    2 

Goliath grouper V   yes unreliable     2 

grass porgy V   unreliable     2 

graysby V  yes unreliable     2 

hogfish V   unreliable     2 

jolthead porgy V   unreliable     2 

knobbed porgy V   yes moderate (1981)       2 
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Table 4.7. (cont.) 
 
    MARMAP Data   
Species Level # lengths # ages cpue maturity fecundity release Sources:

lane snapper V   unreliable     2 

lesser amberjack V   unreliable     2 

longspine porgy V   unreliable     2 

mahogany snapper V   unreliable     2 

margate V   unreliable     2 

misty grouper V  yes unreliable     2 

Nassau grouper V  yes unreliable     2 

ocean triggerfish V   unreliable     2 

porkfish V   unreliable     2 

puddingwife V   unreliable     2 

queen snapper V   unreliable     2 

queen triggerfish V   unreliable     2 

red hind V  yes unreliable     2 

rock hind V  yes unreliable     2 

rock sea bass V   unreliable     2 

sailors choice V   unreliable     2 

sand tilefish V   unreliable     2 

saucereye porgy V   unreliable     2 

schoolmaster V   unreliable     2 

scup V   good (1981)     2 

sheepshead V   unreliable     2 

silk snapper V   unreliable     2 

smallmouth grunt V   unreliable     2 

spadefish V   unreliable     2 

Spanish grunt V   unreliable     2 

tiger grouper V  yes unreliable     2 

tomtate V  yes good (1981)     2 

whitebone porgy V    unreliable    2 

yellow jack V    unreliable    2 

yellowedge grouper V  yes unreliable     2 

yellowfin grouper V  yes unreliable     2 

yellowmouth grouper V   yes unreliable       2 
         
  Sources:       
 1 Burton 2002  6 SAFMC 2002b  
 2 Harris, SC-DNR, personal communication 7 SAFMC 2003a  
 3 Potts 2000   8 SAFMC 2003b  
 4 Potts and Manooch 2001 9 Vaughan et al. 2001  
 5 SAFMC 2002a      



 134

Table 4.8.  The most recent assessment method used for snapper-grouper species is listed, as well as the methods likely to be used if 
fishery-dependent data were eliminated (as during a moratorium) and if fishery-independent data from the MARMAP survey were 
eliminated.  Key species are indicated by an asterisk (*). 
 
Species Level Last Assessment Method Under Extended Moratorium No MARMAP Data Sources:

black sea bass * I forward-projecting age-based VPA  forward-projecting length-based 6 

red porgy I forward-projecting age-based VPA  forward-projecting length-based 4 

wreckfish  I VPA same status as key species ? VPA 8 

gray triggerfish II VPA VPA VPA based on Headboat CPUE 3 

greater amberjack II VPA same status as key species ? VPA 2 

snowy grouper * II catch curve same status as key species ? catch curve 2, 5 

speckled hind II catch curve same status as key species ? catch curve 2, 5 

vermilion snapper * II forward-projecting length-based VPA VPA based on Headboat CPUE 7 

white grunt * II VPA VPA VPA based on Fishery CPUEs 1, 2 

gag grouper * III VPA same status as key species ? VPA 2, 5 

mutton snapper * III VPA same status as key species ? VPA 3 

scamp   III VPA VPA VPA based on Fishery CPUEs 2 

black grouper * IV catch curve same status as key species ? catch curve 2, 5 

cubera snapper IV same status as key species same status as key species same status as key species 3 

golden tilefish * IV landings, catch curve same status as key species ? landings, catch curve 2, 5 

gray snapper * IV catch curve same status as key species ? catch curve 3 

red grouper IV VPA VPA VPA based on Headboat CPUE 2, 5 

red snapper IV VPA VPA (only moderately reliable) VPA based on Fishery CPUEs 2, 5 

Warsaw grouper IV landings  same status as key species ? landings  5 

yellowtail snapper IV catch curve same status as key species ? catch curve 5 

almaco jack V landings  same status as key species ? landings  3 

banded rudderfish V landings  same status as key species ? landings  3 

bank sea bass V same status as key species same status as key species same status as key species 3 

bar jack V landings  same status as key species ? landings  3 

black margate V landings  same status as key species ? landings  3 

black snapper V same status as key species same status as key species same status as key species 3 

blackfin snapper V same status as key species same status as key species same status as key species 3 
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Table 4.8 (cont.) 
 
 
Species Level Last Assessment Method Under Moratorium No MARMAP Data Sources:

blue runner V landings  same status as key species ? landings  3 

blue stripe grunt V same status as key species same status as key species same status as key species 3 

blueline tilefish V same status as key species same status as key species same status as key species 3 

coney V same status as key species same status as key species same status as key species 3 

cottonwick V same status as key species same status as key species same status as key species 3 

crevalle jack V landings  same status as key species ? landings  3 

dog snapper V same status as key species same status as key species same status as key species 3 

French grunt V same status as key species same status as key species same status as key species 3 

Goliath grouper V historical landings  historical landings  historical landings  3 

grass porgy V landings  same status as key species ? landings  3 

graysby V same status as key species same status as key species same status as key species 3 

hogfish   V landings same status as key species ? landings  3 

jolthead porgy V landings  same status as key species ? landings  3 

knobbed porgy V landings  same status as key species ? landings  3 

lane snapper V landings  same status as key species ? landings  3 

lesser amberjack V landings  same status as key species ? landings  3 

longspine porgy V landings  same status as key species ? landings  3 

mahogany snapper V same status as key species same status as key species same status as key species 3 

margate V same status as key species same status as key species same status as key species 3 

misty grouper V same status as key species same status as key species same status as key species 3 

Nassau grouper V historical landings  historical landings historical landings  3 

ocean triggerfish V landings  same status as key species ? landings  3 

porkfish V same status as key species same status as key species same status as key species 3 

puddingwife   V landings same status as key species ? landings  3 

queen snapper V same status as key species same status as key species same status as key species 3 

queen triggerfish V landings  same status as key species ? landings  3 

red hind V same status as key species same status as key species same status as key species 3 
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Table 4.8 (cont.) 
 
 
Species Level Last Assessment Method Under Moratorium No MARMAP Data Sources:

rock hind V same status as key species same status as key species same status as key species 3 

rock sea bass V same status as key species same status as key species same status as key species 3 

sailors choice V same status as key species same status as key species same status as key species 3 

sand tilefish V same status as key species same status as key species same status as key species 3 

saucereye porgy V landings  same status as key species ? landings  3 

schoolmaster V same status as key species same status as key species same status as key species 3 

scup V landings  same status as key species ? landings  3 

sheepshead   V landings same status as key species ? landings  3 

silk snapper V same status as key species same status as key species same status as key species 3 

smallmouth grunt V same status as key species same status as key species same status as key species 3 

spadefish V landings  same status as key species ? landings  3 

Spanish grunt V same status as key species same status as key species same status as key species 3 

tiger grouper V same status as key species same status as key species same status as key species 3 

tomtate V same status as key species same status as key species same status as key species 3 

whitebone porgy V landings  same status as key species ? landings  3 

yellow jack V landings  same status as key species ? landings  3 

yellowedge grouper V same status as key species same status as key species same status as key species 3 

yellowfin grouper V same status as key species same status as key species same status as key species 3 

yellowmouth grouper V same status as key species same status as key species same status as key species 3 

      
  Sources:    

  
  
  
  

 1 Potts 2000 5 SAFMC 2002b 

 2 Potts and Brennan 2001 6 SAFMC 2003a 

 3 SAFMC 2001 7 SAFMC 2003b 

 4 SAFMC 2002a 8 Vaughan et al. 2001 
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Table 4.9.  The most recent assessment method for species in the south Atlantic snapper-grouper complex is listed, as well as an 
important data need for each species and what the new assessment capabilities would be were that data obtained.  Species that serve as 
key species for management of other species are marked with an asterisk (*). 
 
 
Species Level Last Assessment Method Data Needed Improvements to Assessment Sources:

black sea bass * I forward-projecting age-based fecundity forward-projecting age-based with eggs 7 

red porgy I forward-projecting age-based deepwater MARMAP survey forward-projecting age-based for entire population 5 

wreckfish I VPA reliable MARMAP CPUE VPA with fishery-dependent and MARMAP indices 9 

gray triggerfish II VPA time series of aging data forward-projecting age-based 4 

greater amberjack II VPA deepwater MARMAP survey VPA with fishery-dependent and MARMAP indices 1, 3 

snowy grouper * II catch curve deepwater MARMAP survey production model (VPA with sufficient age samples) 1, 3, 6 

speckled hind II catch curve deepwater MARMAP survey VPA 1, 3, 6 

vermilion snapper * II forward-projecting length-based time series of aging data forward-projecting age-based 8 

white grunt * II VPA time series of aging data forward-projecting age-based 2, 3 

gag grouper * III VPA reliable MARMAP CPUE VPA with fishery-dependent and MARMAP indices 3, 6 

mutton snapper * III VPA reliable MARMAP CPUE VPA with fishery-dependent and MARMAP indices 4 

scamp   III VPA time series of aging data forward-projecting age-based 3 

black grouper * IV catch curve reliable MARMAP CPUE VPA with fishery-dependent and MARMAP indices 3, 6 

cubera snapper IV same status as key species reliable index of abundance production model 4 

golden tilefish * IV landings, catch curve deepwater MARMAP survey VPA 1, 3, 6 

gray snapper * IV production model reliable MARMAP CPUE VPA 4 

red grouper IV VPA time series of aging data forward-projecting age-based 3, 6 

red snapper IV VPA deepwater MARMAP survey  forward-projecting age-based 1, 3, 6 

Warsaw grouper IV landings  deepwater MARMAP survey production model 1, 6 

yellowtail snapper IV catch curve reliable MARMAP CPUE production model 6 

almaco jack V landings  reliable index of abundance production model 4 

banded rudderfish V landings  reliable index of abundance production model 4 

bank sea bass V same status as key species fishery-dependent CPUE VPA when MARMAP aging is completed 4 

bar jack V landings  reliable index of abundance production model 4 

black margate V landings  reliable index of abundance production model 4 

black snapper V 4 same status as key species reliable index of abundance production model 
blackfin snapper deepwater MARMAP survey V same status as key species production model 1, 4 
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Table 4.9 (cont.) 

New Assessment Method 

 
 
Species Level Last Assessment Method Data Needed Sources:

blue runner V landings  reliable index of abundance production model 4 

blue stripe grunt V same status as key species reliable index of abundance production model 4 

blueline tilefish V same status as key species deepwater MARMAP survey VPA when MARMAP aging is completed 1, 4 

coney V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 

cottonwick V same status as key species reliable index of abundance production model 4 

crevalle jack V landings  reliable MARMAP CPUE production model 4 

dog snapper V same status as key species reliable index of abundance production model 4 

French grunt V same status as key species reliable index of abundance production model 4 

Goliath grouper V historical landings reliable index of abundance 4 VPA when MARMAP aging is completed 
grass porgy V 4 landings  reliable index of abundance production model 
graysby V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 

hogfish V landings  reliable index of abundance production model 4 

jolthead porgy V landings  reliable index of abundance production model 4 

knobbed porgy V landings  reliable index of abundance VPA when MARMAP aging is completed 4 

lane snapper V landings  reliable index of abundance production model 4 

lesser amberjack V landings  reliable index of abundance production model 4 

longspine porgy V landings  reliable index of abundance production model 4 

mahogany snapper V same status as key species reliable index of abundance production model 4 

margate V same status as key species reliable index of abundance production model 4 

misty grouper V same status as key species deepwater MARMAP survey VPA when MARMAP aging is completed 1, 4 

Nassau grouper 4 V historical landings  reliable index of abundance VPA when MARMAP aging is completed 
ocean triggerfish V landings  reliable index of abundance production model 4 

porkfish V same status as key species reliable index of abundance production model 4 

puddingwife V landings  reliable index of abundance production model 4 

queen snapper V same status as key species reliable index of abundance production model 4 

queen triggerfish V landings  reliable index of abundance production model 4 

red hind V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 
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Table 4.9 (cont.) 

Last Assessment Method 

 
 
Species Level Data Needed New Assessment Method Sources:

rock hind V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 

rock sea bass V same status as key species reliable index of abundance production model 4 

sailors choice V same status as key species reliable index of abundance production model 4 

sand tilefish V same status as key species reliable index of abundance production model 4 

saucereye porgy V landings  reliable index of abundance production model 4 

schoolmaster V same status as key species reliable index of abundance production model 4 

scup V landings  fishery-dependent CPUE production model 4 

sheepshead V landings  reliable index of abundance production model 4 

silk snapper V same status as key species deepwater MARMAP survey production model 1, 4 

smallmouth grunt V same status as key species reliable index of abundance production model 4 

spadefish V landings  reliable index of abundance production model 4 

Spanish grunt V same status as key species reliable index of abundance production model 4 

tiger grouper V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 

tomtate  V same status as key species fishery-dependent CPUE VPA when MARMAP aging is completed 4 

whitebone porgy V landings  reliable index of abundance production model 4 

yellow jack V landings  reliable index of abundance production model 4 

yellowedge grouper V same status as key species deepwater MARMAP survey VPA when MARMAP aging is completed 1, 4 

yellowfin grouper V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 

yellowmouth grouper V same status as key species reliable index of abundance VPA when MARMAP aging is completed 4 

      
  Sources:    

  
  
  
  
  

 1 Parker and Mays 1998 6 SAFMC 2002b 

 2 Potts 2000 7 SAFMC 2003a 

 
 

3 Potts and Brennan 2001 8 SAFMC 2003b 

4 SAFMC 2001 9 Vaughan et al. 2001 

  
 

5 SAFMC 2002a 
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Table 4.10.  The most economically important species in the south Atlantic snapper-grouper 
complex, based on 2001 data.  The ten species will the highest value of commercial landings are 
listed (a; NMFS 2003), and the ten most frequently landed species by the recreational fishery are 
also listed (b; MRFSS 2003).  For species marked with an asterisk (*), stock assessment 
capabilities would be reduced with the elimination of MARMAP data.  
 
 
 

a.  Commercial Value: 

Value of Landings
$ 3,727,952

 
Rank Species 

1 Vermilion snapper *
2 Gag grouper 1,576,833

1,199,225
816,797
713,155
572,430
531,326
456,961
259,555
204,186

 

Rank Species 
Black sea bass * 

3 Black sea bass * 
4 Golden tilefish 
5 Scamp * 
6 Snowy grouper 
7 Red grouper * 
8 Red snapper * 
9 Yellowtail snapper 
10 Greater amberjack 

 
 b.  Recreational Catch: 
 

Number of Fish
1 2,549,633
2 Blue runner 2,265,993
3 Crevalle jack 1,649,176
4 Gray snapper 1,605,230
5 Sheepshead 

White grunt * 

Yellowtail snapper 

 

1,391,851
6 Vermilion snapper * 341,542
7 277,369
8 Red snapper * 262,873
9 222,695
10 Lane snapper 205,034
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Figure 4.1.  Proportion of the 73 species in the south Atlantic snapper-grouper complex in each 
of the five assessment levels, with Level I representing the most data available and Level V 
representing the least data (SAFMC 2001). 
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APPENDIX.   
 

The Issue:  

 In order to effectively manage fish populations, managers often need to ask a number of 

“what if” types of questions about the stock, management options, and sampling regimes.  Stock 

assessment models are often used to answer these questions.  For example, managers often use 

population projections in order to estimate the effects of alternative management actions in the 

process of identifying an optimal policy.  One traditional approach to the process works as 

follows:  1) stock assessment biologists, having strong quantitative backgrounds and skills, 

develop the models, 2) stock assessment biologists provide the completed model to managers, 

and 3) managers, who customarily do not have as strong quantitative skills as the stock 

assessment biologists, then use the developed model to test various straight-forward scenarios.    

However, the new generation of stock assessment model is very complex, making even the most 

straight-forward scenarios difficult to test.  The inner workings of these complex, powerful 

models are often poorly understood, and conducting analyses to answer these “what if” questions 

may be complicated or potentially misleading to anyone other than the stock assessment 

biologists who developed the model.   

 The forward-projecting age-structured stock assessment model for red porgy used in this 

study was developed during the Southeast Data, Assessment, and Review (SEDAR) workshop 

(SAFMC 2002).  As a part of my research project, I wanted to test the effects of reducing 

available data, a realistic and meaningful question managers would often be able to test using a 

stock assessment model.  During a moratorium, fishery-dependent data would be eliminated, 

making stock assessments more heavily reliant on fishery-independent data, namely from the 

Marine Resources Monitoring, Assessment, and Prediction (MARMAP) program.  I was 
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therefore interested in better understanding how changes in this data source, particularly with 

respect to sample size, could potentially impact stock assessment results.   

 

The Case: 

 Since I was interested in how altering MARMAP sample size affected red porgy stock 

assessment results, I simulated MARMAP length and age frequencies for a range of sample sizes 

from observed MARMAP data using a bootstrapping program developed in Visual Basic.  I used 

the stock assessment model developed by the SEDAR workshop (SAFMC 2002) as the tool to 

conduct this simulation.  Because I changed the actual MARMAP length and age frequency data 

input into the model, I also changed the model input value for the sample size for this data source 

reflecting the new, input data.  This seemed to be intuitive as I was investigating the effects of 

sample size change and this was a specific input value for sample size.   

In discussing this with the stock assessment biologists who had primary responsibility for 

the development of the model, a second, non-intuitive approach was introduced.  I was instructed 

to change the MARMAP length and age frequency as planned, but not to change the sample size 

input value (Erik Williams, NMFS-Beaufort, personal communication).  Even though I was 

changing the sample size of the data, I was not to change the input value for the sample size.  

The reason behind this non-intuitive approach was that changes to the sample size input value 

would by definition change the internal weighting scheme of the model, changing the priorities 

of the model fitting procedure.  Any change in the weighting scheme creates a need for a major 

new effort to fit the model.  As a result, simulating the population using model runs with 

different sample sizes produces outputs that are not directly comparable because of the weighting 

issue.  By not altering the sample size input, the model weighting remains constant between 
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model runs, and the outputs are comparable.  While this is logical once understood, I would 

argue that it is non-intuitive nonetheless and is unlikely to be considered by managers wishing to 

merely test the effects of data loss.   

In this appendix we present the results of the intuitive, but incorrect approach and the 

non-intuitive, but correct approach, to illustrate the possible implications of not understanding 

the subtleties of this complex model.   

These unexpected results led me to investigate other red porgy data sources using similar 

methods.  Comparable simulations and analyses were conducted on length and age data from the 

commercial hook-and-line fishery and the headboat fishery (Figures A4 and A5), where sample 

sizes were altered in model input.  Altering commercial hook-and-line sample sizes yielded 

results similar to MARMAP, but not as extreme.  When headboat sample sizes were altered, 

trends were opposite of when MARMAP and commercial data were changed.  Reducing the 

  

Differing Results: 

Whether or not the sample size input value was changed led to dramatic differences in 

model results and population projections.  When the sample size input value in the model was 

altered, results suggested that stock productivity would increase significantly if MARMAP 

sampling was reduced (Figure A1).   This was also apparent in population projections (Figure 

A2), with smaller sample sizes showing a much faster recovery.  When comparing the results 

between models runs where the sample size input value was and was not changed under three 

management scenarios, the effects of this seemingly minor change are evident (Figure A3).  For 

all three management options, much faster population recovery was predicted when the 

MARMAP sample size input value was reduced (Figure A3). 
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headboat sample size biased results toward predicting a lower productivity (Figure A4) and 

slower stock recovery (Figure A5).   

 

These results identify an important limitation when working with this new generation of 

forward-projecting models.  In the forward-projecting model structure, any change in sample size 

would change the weighting of the model fit algorithm, requiring reweighting of the different 

model components and data sources.  This provides one example of the potential problems that 

arise by testing alternate scenarios using this class of model, without fully understanding all of 

the subtleties of the model.  This makes conducting sensitivity analyses, an integral part of all 

valid modeling procedures, somewhat more complicated and potentially misleading.  The 

simulations conducted in this study were essentially a sensitivity analysis for sample size, but 

these simulations yielded unexpected and unlikely results.  It is important for both biologists and 

managers to be able to ask the kinds of “what if” questions that these types of sensitivity 

analyses answer, but some of these simple questions may require complicated, non-intuitive 

methods.  In these cases, the responsibility of manipulating and interpreting stock assessment 

models will lie solely with assessment biologists.  This important point has serious implications 

which must be understood by managers and scientists working with this new generation of stock 

assessment model. 

Implications: 

Results of the simulations where the sample size input value was changed imply that red 

porgy stock productivity would be greatly increased by reducing MARMAP and commercial 

hook-and-line sampling and by increasing sampling of the headboat fishery.  This result is not 

only nonsensical but dangerous to the cause of fisheries management.   
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Figure A1.  Steepness (a measure of stock productivity) for a range of MARMAP length and age 
sample sizes when sample sizes were changed in model input.  A high steepness value represents 
a more productive stock.  Bars represent the mean of 10 model runs per simulated sample size, 
and 95% confidence intervals are shown. 
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Figure A2.  Stock projections (10 model runs per simulated MARMAP sample size) under 
Amendment 12 when sample sizes were changed in the model input.  The vertical line shows the 
rebuilding deadline, 2016, by which time there must be at least a 50% likelihood that biomass 
will reach B anagement option to be acceptable.   
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Figure A3.  Stock projections under three potential management options (a moratorium, 
Amendment 12, and Amendment 9) for simulated MARMAP data with 50% of the original 
sample size.  Solid lines represent model runs where sample size was altered in the model input, 
and dotted lines represent results of Chapter 3 where sample size was not changed in model 
input, only in simulating length and age frequencies.  The vertical line shows the rebuilding 
deadline, 2016, by which time there must be at least a 50% likelihood that biomass will reach 
BMSY for a management option to be acceptable.  
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Figure A4.  Steepness (a measure of stock productivity) for a range of MARMAP, commercial 
hook-and-line, and headboat length and age sample sizes when sample sizes were changed in the 
model input.  A high steepness value represents a more productive stock.  Bars represent the 
mean of 10 model runs per simulated sample size, and 95% confidence intervals are shown. 
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Figure A5.

 
 
 

  Stock projections under Amendment 12 for simulated sample sizes (10 model runs 
per sample size) for MARMAP, commercial hook-and-line, and headboat when sample sizes 
were changed in the model input.  Sample sizes are 0.5*original (a.), original (b), 2*original (c.), 
and 3*original (d.).  The vertical lines show the rebuilding deadline, 2016, by which time there 
must be at least a 50% likelihood that biomass will reach BMSY for a management option to be 
acceptable.  
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Figure A5 (cont.) 
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