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 – INTRODUCTION 

Fisheries management is most successful when it is based on a thorough 

understanding of the biology of the exploited species as well as shortfalls of current 

management plans (Caddy 1999; Beddington et al. 2007; Hilborn and Ovando 2014). If 

pieces of this underlying knowledge are missing, efforts at management are likely to 

yield minimal results and waste valuable time and resources (Wallace and Fletcher 1997). 

Management efforts are most successful when based in scientific understanding of the 

exploited population and include enforceable restrictions and incentives (Beddington et 

al. 2007; Hilborn and Ovando 2014). Effective management is a challenge as it must 

balance social, economic, and biologic costs for the betterment of the population in the 

long term, while also not devastating the fishermen who rely on the industry in the short 

term. Regardless, the first step in establishing an effective balanced management plan is 

to understand the biology and habitat use of the exploited stock (Wallace and Fletcher 

1997; Caddy 1999; Beddington et al. 2007; Hilborn and Ovando 2014). 

The blue crab, Callinectes sapidus Rathbun, is a brachyuran crab native to 

western Atlantic and Gulf of Mexico estuaries with a range extending from Nova Scotia 

to Argentina (Milliken and Williams 1984). Blue crabs are one of the most commercially 

and ecologically significant species in the United States (Hines et al. 1990; NMFS 2020).  

Coast-wide U.S. commercial landings in 2019 totaled 147 million pounds for a dockside 

value of $206 million. Blue crabs also play a major role in structuring faunal 

communities and serve as predators and prey throughout entire estuaries (Hines et al. 

1990; Wolcott and Hines 1990; Lipcius and Stockhausen 2002; Bromilow and Lipcius 

2017). Blue crab landings and estimates of abundance fluctuate dramatically year-to-year, 
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and many regions have seen decreases in landings and abundance in recent years 

(NCDEQ 2016; CBSAC 2018; West et al. 2019). Management efforts have been 

hindered by a lack of knowledge of the biology and life history of this species. This is 

especially true in the Gulf of Mexico, where our understanding of many aspects of the 

blue crab life cycle lag behind the Mid-Atlantic States. 

While the Atlantic Coast blue crab fishery has been a mature fishery for decades, 

the Gulf of Mexico blue crab fishery developed much more recently. On average, 62% of 

Gulf of Mexico blue crab landings are from Louisiana (Bourgeois et al. 2014). Blue crabs 

support one of Louisiana’s most lucrative commercial fisheries and Louisiana has led the 

nation in blue crab landings for eight of the last ten years (NMFS 2020). Louisiana 

averages 41,672,069 million pounds per year (ten-year average) and $48,801,437 million 

dollars (ten-year average) (NMFS 2020). Louisiana also maintains the only Marine 

Stewardship Council (MSC) certified sustainable blue crab fishery (Hough et al. 2019), 

though fishery-independent estimates of abundance have indicated a decline in recent 

years and are now below long-term averages as well as target reference points (West et 

al. 2019). Furthermore, the spawning stock biomass in 2015 was the lowest in history, 

and the fishery was overfished during 1995, 2013, and 2015 (West et al. 2019). 

Management efforts for the fishery have been hindered by an incomplete knowledge of 

the migration patterns of Louisiana blue crabs, and the need to understand the life history 

of this species and the dynamics of natural and fishing mortality has been highlighted by 

the Louisiana Department of Wildlife and Fisheries in order to ensure continued 

sustainability of the fishery (West et al. 2016).  
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1.1 The Blue Crab Life Cycle  

 Blue crabs have a migratory lifestyle and inhabit both estuarine and offshore 

habitats throughout their various stages of development. The life cycle begins offshore as 

zoeae larvae develop in the plankton (Milliken and Williams 1984; Epifanio et al. 1984; 

Johnson and Perry 1999). After seven zoeal stages lasting a total of ~30–50 d, blue crab 

zoeae metamorphose into megalopae (Costlow and Bookhout 1959) and they are 

transported into estuaries by surface currents (Perry et al. 1995; Rabalais et al. 1995; 

Ogburn et al. 2009, 2012). The megalopae migrate to settlement sites using flood tide 

transport (Olmi 1994; Welch et al. 1999; Welch and Forward 2001; Forward et al. 2003) 

where they settle in structured nursery habitats such as seagrass beds and marsh edge. 

Once in primary nursery habitats, the megalopae metamorphose into the first juvenile 

crab stage (Heck and Thoman 1984; Orth and van Montfrans 1987). Juvenile blue crabs 

remain in these habitats until later juvenile stages when they begin to disperse throughout 

the estuary (Blackmon and Eggleston 2001; Reyns and Eggleston 2004) and move into 

unstructured habitats once they reach a size that provides a refuge from predation (Pile et 

al. 1996). Blue crabs reach maturity after 18–20 postlarval molts, 10–20 months after 

hatching (Milliken and Williams 1984).  

Female blue crabs mate following the terminal, pubertal molt, with most mating 

occurring in shallow, marsh-lined tidal creeks (Wolcott and Hines 1990). Females remain 

sexually receptive for ~7 d after the molt, during which time the exoskeleton is flexible 

enough to allow mating. While it was traditionally thought that females mated only once 

during this period, recent evidence indicates that multiple matings may be common 

(Wells et al. 2017; Hill et al. 2017). Sperm is stored in paired sperm storage organs 
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(spermathecae), where it remains viable for over a year (Darnell et al. 2009a). This stored 

sperm is used to fertilize all broods for the remainder of the female’s life. After mating, 

females forage for several weeks before beginning their seaward spawning migration 

(Turner et al. 2003; Aguilar et al. 2005; Darnell et al. 2010a). Spawning takes place in the 

lower estuaries and continental shelf waters of the western Atlantic and the northern Gulf 

of Mexico (Sutton and Wagner 2007; Rittschof et al. 2011; Gelpi et al. 2013; Anderson et 

al. 2017; Kemberling and Darnell 2020).  

A female blue crab will produce multiple clutches of eggs during each spawning 

season and may produce as many as seven clutches during one spawning season (Hines et 

al. 2003; Dickinson et al. 2006; Darnell et al. 2009). Clutch volume, a proxy for 

fecundity, decreases with progressive clutches, decreasing up to 41% from first to fourth 

clutch (Darnell et al. 2009) and up to 56% from first to sixth clutch (Dickinson et al. 

2006). The percentage of normally developing embryos (excluding unfertilized eggs or 

embryos that ceased development early) in the clutch also decreases in later clutches, 

from 96.7% to 55% between clutches one and four. Based on these observations, Darnell 

et al. (2009) estimated that 70–80% of a crab’s overall reproductive output is the result of 

the first three clutches. Total lifetime clutch estimates vary from 6-7 for Chesapeake Bay 

and North Carolina crabs, to 18 for Florida crabs (Hines et al. 2003; Dickinson et al. 

2006; Darnell et al. 2009). Although there is a positive relationship between crab size 

(carapace width) and clutch size, there is an inverse relationship between crab size and 

clutch frequency, which results in roughly equal reproductive potential across all female 

size classes (Darnell et al. 2009).  
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Blue crab spawning migration 

The blue crab spawning migration takes females from low-salinity mating areas to 

high-salinity spawning grounds, where salinities are suitable (>20 ppt, Costlow and 

Bookhout 1959) for hatching and larval survival. This migration is thus critical for 

successful reproduction. Female blue crabs can migrate hundreds of kilometers during the 

spawning migration. In strongly tidal estuaries, females migrate using ebb-tide transport 

(ETT). Migrating females ascend into the water column during ebb tides and are 

passively carried seaward (Forward et al. 2003; Hench et al. 2004). During flood tides, 

they remain on the bottom, walking seaward (Carr et al. 2004). This results in stepwise 

movement seaward during each ebb tide at rates of ~5.1 km d-1 in strongly tidal estuaries 

and slower movement seaward during each flood tide (Carr et al. 2004), and represents a 

much more energetically efficient migratory mechanism than relying on active swimming 

alone (Forward et al. 2003).  

Unlike megalopal tidal transport into the estuaries, which is driven by behavioral 

responses to exogenous cues, ETT during the female spawning migration is driven by a 

combination of endogenous swimming rhythms and responses to exogenous cues 

(Forward et al. 2005; Darnell et al. 2010a). Upon production of the first clutch of eggs, 

mature female blue crabs exhibit circatidal swimming rhythms that persist throughout 

multiple clutches of eggs as well as between clutches (Forward et al. 2003; Darnell et al. 

2010a). This circatidal swimming rhythm is characterized by increased swimming 

behavior during the expected time of ebb tide and persists in the laboratory under 

constant conditions, indicating that it is endogenous in nature (Darnell et al. 2010a). 

Females begin migration after oviposition of their first egg mass, on ebb-tides during 
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both day and night-time hours, with most swimming occurring during the most rapid 

rates of tidal outflow (Carr et al. 2004; Hench et al. 2004) and continue to migrate farther 

seaward using ebb-tide transport even after larval release (Hench et al. 2004; Darnell et 

al. 2012). Field experiments indicate that exogenous cues play a role in synchronizing the 

tidal rhythm with the tidal cycle; high rates of decrease in hydrostatic pressure may 

control timing of the endogenous rhythms, with potential effects of salinity and olfactory 

cues as well (Carr et al. 2004; Darnell et al. 2012). Ebb tide transport can be disrupted for 

foraging stop-overs where females swim very little and spend most of their time foraging 

for food; these stop-overs are likely defined by predator and prey densities, bottom type, 

salinity, and tidal flow (Carr et al. 2004; Darnell et al. 2012).  

Ebb tide transport relies on strong, predictable tidal cycles. Yet, astronomical 

tides are weak or nonexistent in many areas of the blue crab’s range, including the 

northern Gulf of Mexico (GOM) where tides are driven primarily by local wind patterns. 

Blue crabs are able to migrate in microtidal or non-tidal systems (Darnell and 

Kemberling 2018), but little is known about the mechanisms driving blue crab spawning 

migration in these areas; it is thus clear that the current conceptual model of blue crab 

spawning migration is not consistent with northern GOM estuarine systems.  

1.2 Blue crab fisheries 

Blue crabs support valuable commercial fisheries throughout much of their native 

range. US coast wide landings totaled 147 million pounds in 2019 for a wholesale value 

of $206 million. Louisiana, Maryland, North Carolina, and Virginia are the primary crab-

harvesting states, accounting for >80% of the total harvest in 2019 (NMFS 2020). 

Landings and fishery-independent estimates of abundance have declined in recent years 
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in each of these states (NCDEQ 2018; West et al. 2019; CBSAC 2020), as well as in 

other areas with substantial fishing pressure. Decreases in fishery landings have been 

mirrored by decreases in spawning stock abundance, postlarval recruitment, larval 

abundance, and juvenile survival (Lipcius and Stockhausen 2002; Eggleston et al. 2004; 

West et al. 2019). Female blue crabs are exposed to heavy fishing pressure and are 

frequently caught in commercial crab pots during their migration from upper-estuary 

mating grounds to lower-estuary spawning grounds (Rudershausen and Turano 2006; 

Darnell et al. 2010b). Although harvest of ovigerous females is prohibited in most 

fisheries, harvest of non-ovigerous mature females is permitted. Since blue crabs spawn 

multiple clutches of eggs, many of these females are between clutches, and represent an 

under-recognized source of spawning stock mortality. 

Drastic declines in population abundance were initially observed in the Maryland 

and Virginia blue crab fishery beginning in 1996, likely as the result of decades of 

increasing fishing pressure (CBSAC 2020). These low levels of population abundance, 

and increased fishing mortality continued to 2010 (Figure 1.1) (CBSAC 2020). In 2008, 

the state governments outlawed the dredge fishery for blue crabs and in 2009, the 

Chesapeake Bay Stock Assessment Committee implemented a female-directed approach 

to management, banning the harvest of all female blue crabs from September 1 to 

October 22 (harvest of ovigerous females prohibited year round) (CBSAC 2018). The 

states have continued to limit female harvest by way of seasonal closures and bushel 
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limitations, and consequently, 

female exploitation has been 

well below target levels for a 

decade. Following the 

implementation of these 

restrictions, numbers of 

juvenile and adult 

populations quickly 

recovered (CBSAC 2020). 

The population then reached 

another low point 2013-2014 followed by a subsequent increase (CBSAC 2020). Though 

causes of this decline are unknown, speculations have included the exceptionally cold 

winter of the 2013–2014 years, increased predation due to increased red drum 

populations, and increased mortality from the CsRV1virus (Semmler 2016). Despite this 

drop in adult population, juvenile recruitment increased dramatically during these same 

years and consequently, numbers recovered quickly (CBSAC 2020). There was another 

decrease recently in adult populations (2018), which followed the previous year’s drop in 

juvenile biomass (CBSAC 2020). These recent may have been the result of many abiotic 

or biotic factors including those previously  referenced in regard to the 2013-2014 

decrease, poor water quality, active hurricane seasons and their effect on settlement 

(Hines et al. 2010), or potentially sperm limitation (Darnell et al. 2009; Ogburn et al. 

2014). If numbers continue to decrease, following the 2017-2018 trend, the CBSAC has 

suggested a unique conservation to regulate male exploitation (male conservation 

Figure 1.1 Time-series of total adult abundance of 

commercial blue crab harvest in Maryland and 

Virginia. Solid red, blue, and green lines designate harvest in millions of 

pounds for Maryland, Virginia, and the Potomac River, respectively. Dash lines 
represent average. Adapted from CBSAC 2020. 
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trigger), wherein if male exploitation rates exceed the 34% limit, conservation steps will 

be taken (CBSAC 2020).  

North 

Carolina suffered 

major declines in 

blue crab 

populations 

beginning around 

2000 and continuing 

through present day 

(Figure 1.2) (NCDEQ 2020). The state of North Carolina has had very few fishing 

regulations for most of the existence of the blue crab fishery, leading to the years of 

sharply increasing fishing mortality that prompted this decline (Eggleston et al. 2004). 

Until 2016, there were no regulations on harvest size of immature females or ovigerous 

females (NCDEQ 2018). There were, however, relatively small spawning sanctuaries 

where collection of sponge crabs was prohibited from March 1 through August 31. 

Although this seasonal closure does cover the majority of the spawning season in this 

area, harvest of ovigerous females outside of the sanctuary is still permitted (NCDEQ 

2018). Furthermore, the state still allowed the winter dredge fishery which has proven 

particularly harmful to spawning stock biomass. Environmental stressors such as poor 

water quality and hurricanes can also play a part in these population declines but it is 

likely more attributable to the extreme lack of harvest regulations for an extended period 

of time. In 2017 the N.C. Marine Fisheries council enacted several regulations to combat 

Figure 1.2 Time-series of blue crab spawner abundance in the 

state of North Carolina. Dotted line designate targets; dashed lines designate 

threshold. 
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the declining population abundance: (1) They eliminated harvest of immature females, 

(2) prohibited the harvest of dark sponge crabs (brown and black, indicating eggs are 

within 4-5 days of hatching) from April 1- April 30, and (3) prohibited winter dredge 

harvesting. In February of 2020, the stock was still overfished, and further regulations 

were adopted including: (1) a 5-inch minimum size limit for mature females (2) removing 

cull ring exempt areas (3) establishing new sanctuaries and expanding existing ones (4) 

prohibiting crab trawls where shrimp trawls are already prohibited in the Pamlico, Pungo, 

and Neuse rivers and (5) reducing bycatch allowed for oyster dredges.  

 Louisiana has experienced similar trends of decline, though more recently than 

those in the Chesapeake Bay and North Carolina. Louisiana has led the nation in 

commercial blue crab landings for 18 of last 20 years and averages 41.7 million pounds 

per year (ten-year average) and $48,801,437 million dollars (ten-year average) (NMFS 

2020). Despite remaining the national leader in blue crab landings, the Louisiana blue 

crab fishery has showed an overall decline in spawning stock biomass since 1990 and all-

time lows in 2013 and 2015 (Figure 1.1) (West et al. 2019).  Exploitable biomass 

subsequent recruitment, and juvenile abundance have exhibited a trend of decline for 

years (Figure 1.3). For the last two decades, biomass and recruitment points have nearly 

all been below the recruitment time-series average (1968–2019), and several are some of 

the lowest points ever observed (Figure 1.3)(West et al. 2019). 

Fisheries regulation efforts in Louisiana have been recent, though they mimic 

those established in the Chesapeake Bay and North Carolina fisheries in previous years. 

Male crab harvest is subject only to a minimum size limit. In 2013 and 2015, the fishery 

presented all-time lows in exploitable biomass which prompted increased management 
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efforts and the first ever fishery closure in 2016. Beginning in September of 2018, harvest 

of immature females 

was prohibited and 

seasonal closures were 

initiated. In 2017, there 

was a 30 day closure of 

the entire crab fishery 

from February 20, 2017 

– March 22, 2017. In 

2018 and 2019, the 

Louisiana Wildlife and 

Fisheries Commission 

implemented a harvest 

prohibition on female 

blue crabs from 

February 1 to March 31. There was no female harvest prohibition in 2020. These female-

only harvest restrictions were chosen after consultation with commercial crabbers and 

processors, as they allowed continuation of fishing effort, and meant that crabbers did not 

have to pull all of their traps out of the water. Though management effort of the 

Louisiana blue crab fishery has increased in the last five years, most of the changes in 

management have targeted female blue crabs with unknown effectiveness.   

 

 

Figure 1.3  Time-series of exploitable biomass estimates 

and management benchmarks, recruitment, and juvenile 

abundance adapted from West et al. (2019). 



 

12 

1.3 Goals, Organization, and Content of this Dissertation 

The overarching goal of this dissertation is to improve understanding of blue crab 

spawning biology and migration in the northern Gulf of Mexico, a region supporting a 

valuable commercial fishery but that has been historically understudied, and to generate 

results that can directly inform future management decisions in the region. Specifically, I 

investigated both large-scale patterns and behavioral drivers of migration, behavioral 

drivers of migration, interactions with the fishery during critical life history phase, and 

the potential for sperm limitation of the spawning stock. Each chapter of this dissertation 

was written as an independent manuscript. Consequently, some of the introductory 

material has been repeated. Chapter topics are as follows:  

Chapter 2. Migratory movements of the Louisiana blue crab spawning stock.  

Chapter 3. Behavioral mechanisms underlying migration in female blue crabs in the 

northern Gulf of Mexico.  

Chapter 4. Spatial and temporal variation in fishery exploitation of the Louisiana blue 

crab spawning stock.  

Chapter 5. Assessing the potential for sperm limitation in the Louisiana blue crab 

spawning stock. 

Chapter 6. Summary and conclusions 
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 – MIGRATORY MOVEMENTS OF THE LOUISIANA BLUE CRAB 

SPAWNING STOCK 

2.1 Introduction. 

Migration is a phenomenon that is undertaken by a wide variety of organisms, 

including many commercially valuable marine and estuarine species (Shuter et al. 2011). 

Understanding and predicting the timing and location of migratory movement is critical 

to understanding the extent of fishing pressure as well as how to mitigate commercially 

fished population declines (Gulland 1969; Begg et al. 1999; Shuter et al. 2011). In order 

to best manage these commercial species, biological life history and migratory 

movements should be well-understood, and this information should then be used to 

inform management decisions of commercially harvest species (Shuter et al. 2011). This 

informed management is especially important for stocks exhibiting population declines, 

in order to determine the best route of action as a function of spatial and temporal 

variation in migratory movement (e.g. seasonal/areal closures, harvest prohibitions, 

migratory corridors, and spawning sanctuaries).  

Blue crabs are one of the most commercially and ecologically significant species 

in the United States (Hines et al. 1990, NMFS 2019).  Coast-wide U.S. commercial 

landings in 2019 totaled 147 million pounds for a dockside value of $206 million. Blue 

crabs also play a major role in structuring faunal communities and serve as predators and 

prey throughout entire estuaries (Hines et al. 1990; Wolcott and Hines 1990; Lipcius and 

Stockhausen 2002; Bromilow and Lipcius 2017). Blue crab landings and estimates of 

abundance fluctuate dramatically year-to-year, and many regions have seen decreases in 

landings and abundance in recent years (NCDEQ 2016; CBSAC 2020; West et al. 2019). 
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the impact of the 2018 female harvest prohibition tagging season; 1473 were tagged and 

165 were recaptured (11.2%) (Table 4.3).  

Table 4.1 Number of mature female crabs tagged and recaptured in each season basin, 

across all seasons. Numbers below exclude tagging conducted during the 2018 tagging 

season to assess efficacy of the female harvest prohibition. 

Basin Number tagged Number 

Recaptured 

Percent Recapture 

Barataria 1092 209 19.1% 

Breton 845 107 12.7% 

Pontchartrain 3390 470 13.9% 

Terrebonne 806 178 22.1% 

Total 6133 964 15.7% 

 

Table 4.2 Number of mature female crabs tagged and recaptured during season, across 

all basins. Numbers below exclude tagging conducted during the 2018 tagging season to 

assess efficacy of the female harvest prohibition. 

Season Number tagged Number 

Recaptured 

Percent Recapture 

Fall 1428 258 18.1% 

Spring 1893 294 15.5% 

Winter 428 67 15.7% 

Summer  2384 345 14.5% 

Total 6133 964 15.7% 

    

4.3.2 Mark-recapture results – 2018 closure  

During 2018, crabs were tagged in the Pontchartrain and Barataria basins during 

periods before, during, and after the two month female harvest prohibition. A total of 

1473 crabs were tagged during the 2018 season and 165 were recaptured (11.2%)(Table 
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4.3). Recapture rates varied from 0.7% for crabs tagged in Barataria basin during the 

female harvest prohibition to 53.8% for crabs tagged in Pontchartrain basin.  

Table 4.3 Number of mature female crabs tagged and recaptured before, during, and after 

the 2018 female harvest prohibition  

 

Basin Time Period Number 

tagged 

Number 

Recaptured 

Percent 

Recapture 

Barataria Before 172 28 16.3% 

Barataria During 403 3 0.7% 

Pontchartrain Before 321 64 19.9% 

Pontchartrain During 199 107 53.8% 

Pontchartrain After 379 60 15.8% 

Total 

 

1474 262 17.8% 
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Figure 4.3 Heat map of tagging locations 2016-2018. Each point represents a location 

where tagged crabs were released. Darker blue represents a higher density of crabs 

released in each location. 

 

Figure 4.4 Heat map of recapture locations 2016-2018. Each point represents a location 

where crabs were recaptured. Darner blue represents a higher density of crabs 

recaptured in each location. 
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4.3.3 Overall exploitation estimate 

Overall, a total of 6133 female crabs were tagged, with 964 (15.7%) reported as 

recaptured. Reporting rate was calculated as 0.55 (i.e., we estimate that 55% of recaptures 

were reported (Table 4.4, 4.5). Overall exploitation rate was 27%. After correcting for tag 

loss and natural mortality, exploitation rate ranged from 38–40% (Table 4.4, 4.5).  

4.3.4 Basin-specific exploitation estimates  

 Calculated reporting rates (λ) ranged from 51% in Barataria and Pontchartrain to 

75% in Terrebonne basin (Table 4.4). Base calculation of fishery exploitation (μ) was 

lowest in Breton Sound (18%) and highest in Barataria basin (35%) (Table 4.4). After 

adjusting base fishery exploitation to include tag loss (0.00067 d-1 ) and natural mortality 

over time at large (T), overall estimates of fishery exploitation averaged 38% for the no 

natural mortality scenario (M = 0), and 40% for the estimated natural mortality scenario 

for this population of blue crabs (M = 1, West et al. 2019). M = 1 scenarios are used for 

further discussion since this is a more accurate representation of real-world parameters. 

Breton sound had the lowest adjusted exploitation rate (23%), Barataria had the highest 

(59%), and Pontchartrain and Barataria were intermediate (40% and 43% respectively) 

(Table 4.4).  
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Table 4.4 Results of mark-recapture study of mature female blue crabs of Louisiana blue 

crab spawning stock. Releases are delineated by basin. Ns = # of standard value tags released, Nh = # of high value tags 

released, Rs = # of standard value tags returned, Rsn = # of standard value tags returned from non-ovigerous females, Rh = # of high 
value tags returned, Rhn = # of high value tags returned from non-ovigerous females, λ = reporting rate, μ = exploitation rate. T = 

average time at large, μM=0 is the mortality rate calculated with a natural mortality rate of 0, and μM=1 is the exploitation rate 

calculated to include rate of tag loss and a natural mortality (M) of 1.  

Basin Ns Nh Rs Rsn Rh Rhn Total R Total N λ μ μM=0 μM=1 

Barataria  1042 50 191 187 18 18 209 1092 0.51 0.35 0.56 0.59 

Breton 812 33 101 98 6 6 107 845 0.68 0.18 0.22 0.23 

Pontchartrain 3261 129 436 421 34 34 470 3390 0.51 0.25 0.36 0.40 

Terrebonne 775 31 169 161 9 8 178 806 0.75 0.28 0.41 0.43 

Total 5890 243 897 867 67 66 964 6133 0.55 0.27 0.38 0.40 

 

4.3.5 Seasonal exploitation rates 

Reporting rates (λ) varied from 42% during the winter to 74% during the spring 

(Table 4.5). Base calculation of fishery exploitation (μ) was lowest during the 2018 

season that included the female-fishery closure (14%). Of the seasons that did not include 

female-closures, fishery exploitation was lowest in the spring (19%) and highest in the 

fall (38%) (Table 4.5). After adjusting base fishery exploitation to include tag loss 

(0.00067 d-1 ) and natural mortality over time at large (T), overall estimates of fishery 

exploitation averaged 31% for the no natural mortality scenario (M=0), and 34% for the 

estimated natural mortality scenario for this population of blue crabs (M=1, West et al. 

2019). M = 1 scenarios are used for further discussion since this is a more accurate 

representation of real-world parameters. Adjusted fishery exploitation was lowest during 

the spring (28% for the 2016-2017 seasons) and highest during the Fall (71%) (Table 

4.5). The 2018 season had a fishery exploitation rate of 23% which was lower than any of 

the seasons 2016-2017 (Table 4.5).  
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Table 4.5 Results of mark-recapture study of mature female blue crabs of Louisiana blue 

crab spawning stock. Releases are delineated by season. Ns = # of standard value tags released, Nh = # of high value tags 

released, Rs = # of standard value tags returned, Rsn = # of standard value tags returned from non-ovigerous females, Rh = # of high 
value tags returned, Rhn = # of high value tags returned from non-ovigerous females, λ = reporting rate, μ = exploitation rate 

excluding crabs that were ovigerous at the time of recapture. T = average time at large, μM=0 is the mortality rate calculated with a 

natural mortality rate of 0, and μM=1 is the exploitation rate calculated to include rate of tag loss and a natural mortality (M) of 1.  

Season Ns Nh Rs Rsn Rh Rhn Total R Total N λ μ μM=0 μM=1 

Fall 1357 71 231 230 27 27 258 1428 0.45 0.38 0.61 0.71 

Spring 1830 63 281 264 13 13 294 1893 0.74 0.19 0.26 0.28 

Summer 2289 95 323 312 22 21 345 2384 0.61 0.22 0.30 0.31 

Winter 414 14 62 61 5 5 67 428 0.42 0.35 0.56 0.58 

2018 1326 147 140 114 25 21 165 1473 0.62 0.14 0.20 0.23 

Total 7216 390 1037 981 92 87 1129 7606 0.61 0.22 0.31 0.34 

 

Determining effects of 2018 female harvest prohibition using exploitation rate estimates 

Reporting rates (λ) were 49% in Pontchartrain and 53% in Barataria during the 

2018 tagging season (Table 4.6). Base calculation of fishery exploitation (μ) was lowest 

in the Barataria with-closure scenario (0%) and highest in the Pontchartrain without-

closure scenario (34%). After adjusting base fishery exploitation to include tag loss and 

natural mortality, overall estimates of fishery exploitation averaged 19% without the 

closure and 3% with the closure for the no natural mortality scenario (M=0), and 

averaged 20% without closure and 4% with closure for the estimated natural mortality 

scenario for this population of blue crabs (M=1, West et al. 2019). M = 1 scenarios are 

used for further discussion since this is a more accurate representation of real-world 

parameters. Adjusted fishery exploitation was lowest in the Barataria with closure 

scenario (0%) and highest in the Pontchartrain without closure scenario (34%) (Table 

4.6). Estimates of fishing exploitation were lower in the closure scenarios for both the 
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Pontchartrain and Barataria basins. Estimated fishery exploitation decreased by 2% in 

Barataria, from 2% to 0%, and by 17% in Pontchartrain basin from 34% to 17%. When 

totaled, the closure decreased the fishery exploitation rate from 20% to 4% for both 

basins combined.  

Table 4.6. Results of mark-recapture study of mature female blue crabs of Louisiana blue 

crab spawning stock 2018 closure. Releases are by basin then further delineated into estimates of values as if the 

closure had not occurred (‘without’) and assuming that all females caught during the closure were released alive (‘with’). Ns = # of 
standard value tags released, Nh = # of high value tags released, Rs = # of standard value tags returned, Rsn = # of standard value tags 

returned from non-ovigerous females, Rh = # of high value tags returned, Rhn = # of high value tags returned from non-ovigerous 

females, λ = reporting rate, μn = exploitation rate excluding crabs that were ovigerous at the time of recapture. T = average time at 

large, μM=0 is the mortality rate calculated with a natural mortality rate of 0, and μM=1 is the exploitation rate calculated to include 

rate of tag loss and a natural mortality (M) of 1. Reporting rates marked with an asterisk (*) were adjusted to 1.0 because calculations 

yielded a reporting rate over 100%. 
 

2018 Ns Nh Rs Rsn Rh Rhn 

Total 

R 

Total 

N λ μn μM=0 μM=1 

Pontchartrain - 

without 652 71 77 74 17 16 94 723 0.49 0.23 0.30 0.34 

Pontchartrain - 

with 652 71 41 39 9 8 50 723 0.49 0.12 0.14 0.17 

Barataria - 

without 334 37 24 3 5 2 29 371 0.53 0.02 0.02 0.02 

Barataria - with  334 37 20 0 3 0 23 371 0.53 0.00 0.00 0.00 

Total - without 986 108 101 77 22 18 123 1094 0.50 0.16 0.19 0.20 

Total - with  986 108 61 39 12 8 73 1094 1.00 0.04 0.03 0.04 

             

4.4 Discussion. 

Spatial and temporal variation in fishery exploitation of the Louisiana blue crab 

spawning stock, and efficacy of the 2018 female harvest prohibition, were examined 

using a large-scale mark recapture study. Average exploitation rate of the fishery for all 

seasons during the years 2016 and 2017 was 47% indicating that nearly half of the blue 

crab spawning stock is harvested in the commercial fishery. 

The average exploitation rate of the Louisiana blue crab spawning stock (47%) is 

nearly five times the average exploitation rate in a recent study of the Chesapeake Bay 

blue crab spawning stock (10.5%) (Corrick et al. 2018). Yet, the 47% average of this 
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study matches the 47% average fishery exploitation rate for the Chesapeake Bay 

spawning stock for the years 1990–1998, before major action was taken to reduce fishing 

pressure and bolster the spawning stock (Sharov et al. 2003). Based on the recovery of 

the blue crab population in the Chesapeake Bay area, management action to reduce 

fishing pressure proves successful in abating the population decline (CBSAC 2020). 

Louisiana’s regulation additions to the blue crab fishery are following behind those 

enacted by management in the Chesapeake Bay area and North Carolina in recent years. 

Yet, fishing pressure remains higher in Louisiana than in any other blue crab fishery, as 

Louisiana has maintained the highest landings in the nation since 2000, with the 

exception of 2010 and 2011, following the Deepwater Horizon oil spill (Bourgeois et al 

2014, NMFS 2019). Nevertheless, the fishery continues to grow, so much so that recent 

management efforts have included steps to limit entry into the fishery after 2000–2013 

commercial crab license averaged ~3300 (Bourgeois et al. 2014).   

4.4.1 Spatial variation in fishery exploitation 

Fishery exploitation rate of the Louisiana blue crab spawning stock varied 

spatially. Breton Sound had the lowest exploitation rate (23%) and Barataria had the 

highest (59%); Pontchartrain and Terrebonne were intermediate (40% and 43% 

respectively). These spatial patterns of exploitation rates likely represent the interacting 

result of spatial variation in crab abundance and fishing effort, crab demographics in the 

heavily fished areas of each basin (e.g., relatively more females in the lower estuary, 

more males in the upper estuary), as well as the spatial distribution or concentration of 

effort within each basin. This pattern does not necessarily mirror landings data; from 

2000-2013, Terrebonne basin led the state in blue crab landings, averaging over 12 
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million pounds/year, though landings dropped significantly in Terrebonne basin from 

2010-2013. From 2000-2013, Pontchartrain maintained the second highest landings, 

11.75 million pounds/year while Barataria maintained the lowest of the three basins, 8.22 

million pounds/year (Bourgeois et al. 2014).  

4.4.2 Temporal variation in fishery exploitation 

Exploitation rates were lowest during the spring (28%), followed by summer 

(31%) and winter (58%), and highest during the Fall (71%). These results were nearly 

opposite those of Corrick (2018), who assessed exploitation rates of female blue crabs in 

the Chesapeake Bay and found exploitation rates of 12.5% in the summer, 8% during the 

winter, and 2.1% in a combined spring/summer season. Yet Bourgeois et al. 2014 

indicated that commercial landings in Louisiana were lowest in January, February, and 

March and highest during June, July, and August (for years 2000-2013). Our fishing 

seasons differ drastically from those of the Chesapeake Bay area as a result of 

significantly different temperature regimes because in the fall, temperatures are still quite 

high and crabs are actively foraging and migrating, whereas in the Chesapeake bay area, 

it is much colder and crabs are not as active during the winter and fall seasons. Also 

dockside value of blue crab landings varies both spatially, from 2000 to 2013, per pound 

was highest at the beginning of the year, $0.86 per pound in January, and ~$1.00 dollar 

per pound in February, March, April, and May, and lowest in the Fall. Prices during the 

winter are much higher because fisheries along the Atlantic coast are not harvesting and 

Louisiana crabs are shipped north. Then, as the more northern fisheries open back up, 

prices per pound decrease as the market is flooded with crabs from other areas. Also, 
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during colder seasons, the crabs are migrating less but are still feeding, and this may 

increase the likelihood that they are caught in traps, increasing exploitation. 

4.4.3 2018 female-only harvest prohibition 

The 2018 tagging season had an average fishery exploitation rate of 20% which 

was lower than any of the seasons 2016-2017 (Table 6). In the Pontchartrain basin, the 

exploitation rate in spring 2018 without considering the female harvest prohibition was 

34%, which is representative of an average spring (average for the previous years was 

28%). However, the fishery exploitation in the Barataria basin for spring 2018 without 

considering the female harvest prohibition was abnormally low (2%). This was because 

of the 29 crabs recaptured, 24 of them were reported as ovigerous and were thus excluded 

from the following calculations as they would have been released after capture. It is 

possible that this information is unreliable because either ovigerous crabs were over-

reported during this prohibition period, or that they were under-reported in previous 

seasons. If the number of crabs reported to be ovigerous for Barataria during 2018 was 

assumed to be closer to the overall average, 6 of the 165 recaptures would have been 

ovigerous and the estimated fishery exploitation would have been 12% excluding the 

female harvest prohibition, and 8% including the harvest prohibition.  

The two-month female harvest prohibition in 2018 reduced exploitation of the 

spawning stock from 20% to 4% for crabs tagged during the spring season spring season 

(23.1% to 4.4% if assuming ovigerous recaptures were the overall average, rather than 

the exceptionally high number reported for Barataria). This represents a substantial 

reduction in exploitation of the spawning stock, allowing many of these crabs to migrate 

beyond the areas of heavy fishing pressure. We suggest, however, that the timing of the 
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female harvest prohibition could be improved upon for maximum effect. The prohibitions 

of 2018 and 2019 occurred during the season of lowest exploitation rates (spring). To 

have a greater effect on the population, we would suggest a season that boasts higher 

exploitation rate. Fishery exploitation in the spring is lowest (28%) and highest in the fall 

(71%). Perhaps a closure during the fall may have more effect on increasing spawning 

stock biomass over subsequent years. Seasonal closure in 2018, during the lowest 

exploitation season, decreased overall fishery exploitation by 16%, so it could be even 

more productive if utilized during a season that boasts a higher average fishery 

exploitation rate. Furthermore, the closure is occurring when prices are highest, though 

landings are lowest, thus resulting in the greatest cost to fishers (in terms of lost revenue) 

for the lowest potential benefit.   

4.4.4 Limitations of Study 

Limitations of the study include those common to all fishery-independent mark-

recapture study. Because crabs were tagged with local commercial fishermen, they were 

released in locations where fishermen frequently fish, thus they may have been 

distributed throughout areas of high fishing pressure more thoroughly than those of lower 

fishing pressure. This study did aim to uniformly distribute tagged crab releases 

throughout the basins, and as such sought out fishermen from many areas throughout 

each basin to better insure maximum coverage. The map of tagging locations illustrates 

this effort and shows good distribution of tagged crab releases. Furthermore, this study, 

like all mark-recapture studies, depends upon the participation of fishermen in reporting 

the recapture of tagged crabs, and assumes that this participation is also evenly 

distributed. The authors of this study made a targeted attempt to publicize the efforts of 



 

78 

this study and frequented local festivals and crab task force meetings, as well as 

distributing flyers describing rewards for recaptured crabs to local boat ramps, seafood 

stores, and fishermen themselves. Furthermore, high and low value tags were distributed 

in intervals such that a fisherman could not target specific areas for high value tags. As 

with any mark-recapture study, ours had common limitations, but as many as possible 

were mitigated through even tag distribution, even distribution of high and low value 

offers for reward, and through publicization about the project and offer of reward for 

recapture.   

4.4.5 Conclusion 

The observed spatial and temporal variations in fishery exploitation and the 

efficacy of the female harvest prohibition can be used to inform management plans for 

the future. It is important to note that we considered only exploitation rates of female blue 

crabs and further evaluation of the fishery exploitation of male blue crabs is necessary for 

a more complete understanding of the impacts of the fishery on the population as a 

whole. The information provided in this study can serve to fill gaps in the current 

knowledge and to provide biological evidence for harvest prohibitions that are better 

suited to provide maximum effect in ensuring the prolonged economic and environmental 

value of the Louisiana blue crab fishery. 

  



 

79 

 – ASSESSING THE POTENTIAL FOR SPERM LIMITATION IN THE 

LOUISIANA BLUE CRAB SPAWNING STOCK 

5.1 Introduction. 

Many fisheries are characterized by differences in harvest pressure between the 

two sexes, either due to sex-specific regulations or sex-differentiated preferences. When 

pervasive, this bias has the potential to skew population sex ratios. Male-biased fisheries 

and the resulting skewed sex ratios can result in sperm limitation which has profound 

consequences for the population and the fishery productivity. Among crustacean 

fisheries, skewed sex ratios due to sex-biased fishing pressure, and resulting sperm 

limited populations have been observed in the coconut crab Birgus latro (Sato 2011), the 

spiny lobster Panulirus argus (MacDiarmid and Butler IV 1999),  Chilean rock crab 

Metacarcinus edwardsii (Pardo et al. 2015), the snow crab Chionoectes opilio (Rondeau 

and Sainte-Marie 2001), the stone crab Hapalogaster dentata (Sato and Goshima 2007), 

and the blue crab Callinectes sapidus (Hines et al. 2003; Ogburn et al. 2014; Rains et al. 

2018).  

Sperm limitation occurs when a female’s reproductive output is limited by the 

quantity or quality of sperm received during mating. Male-skewed sex-ratios in a 

population may cause limitations in quantity or quality of sperm received by females as 

the result of several mechanisms in crustaceans (Hines et al. 2003): (1) Males are mating 

more frequently because competition for females is reduced, and sperm stores are not 

fully regenerated; (2) Larger males are selectively harvested leaving the spawning stock 

with smaller males that may deliver less sperm upon ejaculation; (3) The decreased 

number of males in the population creates spatially variable sparsity that decreases the 
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chances of females physically finding a mate. For species of crab that can re-mate prior to 

production of each clutch of eggs (e.g. Corystidae, Grapsidae, and Ocypodidae, (Hartnoll 

1969), sperm limitation can be mitigated through repeated matings. Yet many crabs are 

able to mate only during a limited window following the terminal molt, and use stored 

sperm for the remainder of their life. These species are expected to be more susceptible to 

sperm limitation due to male-focused fisheries.  

The blue crab Callinectes sapidus Rathbun is heavily targeted by commercial and 

recreational fisheries throughout their range. U.S. coast wide landings in 2018 totaled 147 

million for a wholesale value of $206 million (NMFS 2020). Although both sexes are 

harvested, males are often targeted by fishermen because they grow to be larger than the 

females and fetch higher prices per crab. The reproductive biology of blue crabs also 

makes them particularly susceptible to sperm limitation. Females are only sexually 

receptive and able to mate for a short window following the terminal, pubertal molt 

(Wolcott and Hines 1990; Turner et al. 2003; Darnell et al. 2010b). It is during this short 

period (typically 7 days or less), that the female will mate and receive all of the sperm 

that she will use to fertilize her multiple clutches of eggs (Wolcott and Hines 1990; 

Turner et al. 2003; Darnell et al. 2010b). Male blue crabs typically guard a female for ~2 

d after mating, leaving limited time for multiple matings. Although it has traditionally 

been assumed that females only mate once, recent evidence indicates that some females 

do mate with multiple males during this receptivity window (Jivoff et al. 1996; Wells et 

al. 2017; Hill et al. 2017). During mating, sperm is stored in paired sperm storage organs 

called spermathecae. This stored sperm is used to fertilize each clutch of eggs and can 

remain viable for over a year (Hines et al. 2003, Darnell et al. 2009). Because a female 
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blue crab is unable to re-mate after this short window, the female may become sperm 

limited if a large enough quantity of sperm is not delivered during the initial mating(s) to 

fertilize her full lifetime production of eggs. If occurring on a population-wide level, this 

can result in decreases in population-level reproductive output and recruitment and 

eventual declines in abundance and landings.  

Previous work has shown evidence for sperm limitation in a number of regions 

where blue crabs are actively harvested, including in Chesapeake Bay (Kendall and 

Wolcott 1999; Kendall et al. 2001, 2002; Hines et al. 2003; Carver et al. 2005; Ogburn et 

al. 2014, 2019; Wells et al. 2017), North Carolina (Wolcott et al. 2005), and eastern 

Florida (Hines et al. 2003), though Rains et al. (2016) did not find evidence of sperm 

limitation in Chesapeake Bay. Despite the large and active blue crab fishery in the 

northcentral Gulf of Mexico, primarily Louisiana, no data exists on sperm stores of 

female blue crabs in this region. Louisiana has led the nation in commercial blue crab 

landings for 8 of last 10 years, averaging 41,672,069 million pounds per year (2008–

2018) (NMFS 2020). Despite remaining the national leader in blue crab landings, 

Louisiana’s spawning stock biomass has declined since 1990 and was at all-time lows in 

2013 and 2015 (West et al. 2019). The juvenile index, exploitable biomass, and 

recruitment have also indicated a considerable decline (West et al. 2019). The last nine 

years (2008–2018) have been the lowest estimates of juvenile abundance on record with 

the exception of 1976. The 2018 estimate of juvenile abundance was the absolute lowest 

ever recorded, and exploitable biomass and subsequent recruitment have remained below 

average and have included the lowest points ever recorded (West et al. 2019). 

Management efforts in Louisiana have been primarily female-focused. Short of a size 
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limit, there are no other parameters restricting catch of male blue crabs in Louisiana. 

Harvest of immature females or egg-bearing females is prohibited, and in recent years 

female harvest prohibitions have been enacted. In 2018 and 2019, harvest of female blue 

crabs was prohibited for two months each year (March 1–April 30), but not in 2020.  

The goal of the present study was to determine if sperm limitation is occurring in 

the Louisiana blue crab spawning stock, and if so, to understand spatial and temporal 

variations in sperm limitation in order to better understand if male-targeted management 

efforts should be considered. 

5.2 Methods. 

5.2.1 Collection of specimens 

Recently-molted mature female blue crabs were collected in collaboration with 

local commercial crabbers in four estuaries of southeastern Louisiana: Pontchartrain 

Basin, Terrebonne Bay, Breton Sound and Barataria Bay. Females were classified as 

recently molted if the carapace could be depressed at the base of the lateral spines, which 

typically indicates <2 weeks since the terminal molt (M.Z. Darnell, personal 

observation). Upon collection, crabs were placed on ice, returned to the Gulf Coast 

Research Laboratory, and frozen until processing.  

5.2.2 Quantification of sperm stores 

Upon thawing, both spermathecae were dissected from each crab, weighed, and 

stored individually in 70% ethanol in a 20 mL scintillation vial. Sperm were enumerated 

following the methods of Ogburn et al. (2014), using one spermatheca from each crab. At 

the time of sperm enumeration, each spermatheca and the storage ethanol was poured into 

a Petri dish. The spermathecal membrane was separated from the sperm plug and rinsed 
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with 70% ethanol to remove any remaining spermatophores. Spermathecal contents 

(sperm plug + loose spermatophores) were chopped to < 1 mm with a razor blade and 

homogenized in a 40 mL Dounce homogenizer to break spermatophores into individual 

sperm cells. The homogenate was then diluted, if needed, to 100 ml per gram of 

spermathecae weight, and total volume of ethanol plus spermathecal contents was 

recorded. Sperm cells were enumerated using a Petroff-Hausser counting chamber and a 

phase contrast microscope at 630× magnification. Following placement of one drop of 

sample on the 5x5 counting chamber, all 25 cells in the counting chamber grid were 

counted and the number of sperm present were recorded. Then the total number of sperm 

present in the spermathecae were calculated using the following equation: 

𝑆𝑝𝑒𝑟𝑚 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑒𝑟𝑚 𝑐𝑜𝑢𝑛𝑡𝑒𝑑

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐶𝑜𝑢𝑛𝑡𝑖𝑛𝑔 𝑐ℎ𝑎𝑚𝑏𝑒𝑟
 × 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 

where the volume of the counting chamber was 20 μL and total volume was the 

combined volume of the homogenized spermathecal contents and ethanol. Three replicate 

sperm samples were completed per spermathecae, doubled, and averaged to determine 

the total sperm quantity for each crab. 

5.2.3 Data analysis 

 Sperm quantities were right-skewed and the data were log-transformed prior to 

analyses. Both spermathecae weight and sperm quantity were analyzed as a function of 

basin and season using linear mixed-effects models, fit using the lmer function in the 

lme4 package in R (Bates et al. 2015). For all analyses, significance of fixed effects was 

assessed using Wald chisquare tests with ‘Anova’ from the car package in R. When 

significant effects were detected (P < 0.05), Tukey HSD tests were used for all pairwise 
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No significant spatial variation in sperm stores was detected. Neither sperm 

quantity nor spermathecae weight varied significantly among basins nor basin-area within 

Pontchartrain basin.   

Figure 5.4 Spermathecae weights for season collected  

Figure 5.5 Seasonal variation in sperm quantities. Sperm quantity varied as a function of the season that the 

crab was collected: Letters represent statistically significant differences between seasonal means. A represents the lowest seasonal 

sperm quantity, B represents the highest seasonal sperm quantity, and AB represents the months with intermediate sperm quantities. 
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Figure 5.6 Spermathecae weight for crabs collected in each basin 

Figure 5.7 Sperm quantity for crabs collected in each basin 
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5.3.2 Brood production modeling 

 Across the 45 scenarios modeled, potential lifetime brood production ranged from 

0–11 broods. Only four scenarios allowed for a full year of spawning activity (Table 5.2).  

Table 5.2 Models of brood production based on different sperm to egg ratios, initial 

sperm quantity, and rate of sperm loss. Egg to sperm ratio necessary for fertilization is represented in the top row, 

initial sperm quantity and rate of sperm loss are represented in the left column. The resulting number of clutches possible for each 
scenario are listed in the columns below the respective sperm:egg ratios. Low value of initial sperm quantity is the 25th percentile of 

the data collected (2.33 x 107), the moderate value is the mean (7.18 x 107), and the high value is the 75th percentile (8.0 x 107). The 

low rate of sperm loss is no sperm loss, the moderate rate an initial rate of 16.67% loss per month for the first three months and zero 
for the following, and the high rate is 20% per month (Wolcott et al. 2005, Ogburn et al. 2014).  
 

Scenario Sperm:egg ratio 

  1 10 25 80 100 

(1) 8 x 107 at the time of mating      
No loss 11 2 1 0 0 

50% loss prior to brood 1 11 1 0 0 0 

20% monthly loss 7 1 0 0 0 

      

(2) 7.18 x 107 at the time of mating      
No loss 11 2 0 0 0 

50% loss prior to brood 1 11 1 0 0 0 

20% monthly loss 7 1 0 0 0 

      

(3) 2.33 x 107 at the time of mating      
No loss 7 0 0 0 0 

50% loss prior to brood 1 4 0 0 0 0 

20% monthly loss 3 0 0 0 0 

 

Each of these scenarios had 1:1 sperm to egg ratios: two with 0% sperm loss/ two with 

50% in the first three months. Of these, two allowed for the highest initial sperm quantity 

and two for the mean sperm quantity. Scenarios with 1:1 sperm to egg ratios were the 

only scenarios that allowed for the fertilization of more than two clutches of eggs (Table 

5.2). Scenarios with the lowest initial sperm quantity allowed for the fertilization of three, 

four, and seven clutches of eggs (high, medium, and low rates of sperm loss, 

respectively). Scenarios with the mean initial sperm quantity allowed for the fertilization 
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of seven, eleven, and eleven clutches of eggs (high, medium, and low rates of sperm loss, 

respectively) (Table 5.2). Scenarios with the highest initial sperm quantity allowed for the 

fertilization of 7, 11, and 11 clutches of eggs (high, medium, and low rates of sperm loss, 

respectively). When the sperm to egg ratio was 10:1, only scenarios with mean and high 

initial sperm quantities were able to produce even a single clutch of eggs (Table 5.2). Of 

those, scenarios allowing for 0% sperm loss were the only scenarios where there was 

sufficient sperm to fertilize two clutches of eggs. When the sperm to egg ratio was 

increased to 25:1, only one scenario allowed for the fertilization of a clutch of eggs, 

where the initial sperm quantity was highest and the rate of sperm loss was 0. In 

scenarios where the sperm to egg ratio was increased to 80:1 and 100:1, none of the 

scenarios allowed for sufficient sperm quantities to fertilize a single clutch of eggs (Table 

5.2).  

5.4 Discussion. 

This study examined sperm stores of recently mated female blue crabs captured in 

the Louisiana commercial crab fishery. Sperm stores were quantified in crabs from 

multiple estuaries in southeastern Louisiana and brood production was modeled to assess 

the potential for sperm limitation. This represents the first study of sperm stores and 

sperm limitation in a Gulf of Mexico blue crab population. Observed sperm quantities 

were an order of magnitude lower than observed in previous studies in Atlantic Coast 

estuaries, and brood production modeling indicates that female blue crabs in Louisiana 

may be heavily sperm-limited.  

5.4.1 Spermathecae weight and sperm counts 
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Spermathecae weights observed in our study averaged 3.58 ± 0.01 g, similar but 

slightly heavier than those observed in previous studies from other areas (Table 5.3). 

Average sperm quantity per crab from our study was 7.2 x 107 ± 5.5 x 105—an order of 

magnitude lower than previous studies in other areas (Table 5.3). Sperm quantities in this 

study are substantially lower than those in similar studies of blue crab in sperm-limited 

populations, indicating that the Louisiana blue crab spawning stock appears to be 

severely sperm limited. 

Table 5.3 Summary of spermathecae weight and sperm quantity from similar studies in 

other areas.  

Author Location Spermethecae wt. (g) No. of sperm 

Hines et al 2003 Florida 3.4 12 x 108 

 Upper Chesapeake 2.81 6 x 108 

 Lower Chesapeake 1.9 4.1 x 108 

Wolcott et al 2005 North Carolina 2.81 11.8 x 108 ± 1.84 x 108 

Ogburn et al 2014 Chesapeake Bay 3.395 ± 0.227 2.02 x 109 ± 1.88 × 108 

Rains et al 2016 Chesapeake Bay NA 3.6 x 108 ± 2.7 × 108 

This study Louisiana 3.58 ± 0.01 7.2 x 107 ± 5.5 × 105 

 

5.4.2 Spatial and temporal variation in spermathecae weight and sperm quantity 

Our results indicate that there is temporal variation in sperm stores between 

seasons: we see a trend of higher spermathecae weights and sperm quantities for crabs 

that mated in the summer, lowest sperm quantities in crabs that mated during the spring, 

and intermediate levels for those that mated in the fall and winter. The seasonal variation 

observed here is similar to that of Ogburn et al. (2014) and sperm quantities are 

consistent with males mating too frequently to fully regenerate sperm store between 
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mating events (Kendall and Wolcott 1999; Kendall et al. 2001; Ogburn et al. 2014). If 

crabs that mated during the summer are receiving more sperm than those that mated in 

the other seasons, it may indicate that there is less male-targeted fishing pressure during 

the summer. Many crabbers catch more females during the summer than they do during 

the other seasons (H.D. Olmi-Graham, pers.comm), likely because this is when they are 

most active metabolically and are migrating more frequently (Kemberling and Darnell 

2020, Chapter 2 of this dissertation). It is possible that the fishery is more male-targeted 

during the other seasons and consequently, there are less males, mating more frequently 

and the females are not receiving as much sperm. 

5.4.3 Brood production model 

Based on our brood production model, we see that only 8.9% of scenarios allowed 

for a year of reproductive activity, 2.2% allowed for two years of reproductive activity, 

and 24.4% allowed for the fertilization of more than a single clutch of eggs. Only the 

most generous sperm:egg ratio allowed for the production of more than two broods of 

eggs. If the fertilization ratio in this population is any lower than 1:1, which is likely 

(Bressac et al. 1994, Sainte Marie and Lovrich 1994, Hines et al. 2003), female crabs 

may consistently prove unable to fertilized even two clutches of eggs. Previous studies of 

crustaceans have indicated that a 7:1 ratio is required for full fertilization (Sainte Marie 

and Lovrich 1994). Furthermore, most of the scenarios modeled that allowed for multiple 

clutches of eggs allow for 0% sperm loss which is likely lower than the naturally 

occurring rate for the population (Wolcott et al. 2005). These results are consistent with 

those of Ogburn et al. (2014) and lead us to draw similar conclusions that this population 

is sperm limited. However, these estimates of brood production are inconsistent with 
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predictions of lifetime reproductive potential of Atlantic blue crabs of 7–18 broods 

(Hines et al. 2003; Dickinson et al. 2006; Darnell et al. 2009), indicating that this 

population of females is unlikely to spawn as many clutches as these studies predicted. 

Though sperm limitation has been indicated in several Atlantic blue crab populations 

(Kendall and Wolcott 1999, Hines et al. 2003, Carver et al. 2005, Ogburn et al. 2014), 

estimates of sperm quantity are still lower than those observed in this study, and 

estimates of brood production from Atlantic populations may not be representative for the 

Louisiana blue crab spawning stock. 

Three important limitations of this model affect its overall accuracy: (1) brood 

size was held constant for calculations of all clutches, though it has been shown that 

brood size decreases with successive broods (Darnell et al. 2009); (2) fertilization success 

was also considered constant for all calculated scenarios, though it also decreases with 

successive clutches; (3) the spawning frequency of crabs in this population was estimated 

to be monthly throughout the year, though it is not likely exactly every four weeks during 

every season; they are likely mating more frequently during the summer and less 

frequently during the winter, and four weeks was chosen as an intermediate value. These 

values were held constant because the exact variation through broods and season is not 

well known, especially for crabs in the northern GOM. Clutch volume decreases with 

progressive clutches and can decrease up to 41% from first to fourth clutch (Darnell et al. 

2009) and the percentage of normally developed embryos in the clutch also decreases 

from 96.7% to 55% between clutches one and four. This may be the result of female age, 

but could also be the result of sperm limitation and lack of viable fertilized eggs per egg 

mass (Darnell et al. 2009). The sperm quantities and model of brood production in this 
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study provides us with previously unknown information about the Louisiana blue crab 

spawning stock, though it also highlights information that we do not have, that would 

greatly contribute to furthering our understand of the female reproductive biology, life 

cycle, and lifetime reproductive potential of crabs in the northern GOM. Further 

investigation into the exact sperm to egg ratio of fertilization, spawning frequency, and 

total lifetime reproductive potential of crabs in this area would continue to enhance our 

understanding of the life cycle and better inform fisheries management.  

5.4.4 Conclusion 

Louisiana has some of the least-restrictive regulations surrounding the crab 

fishery, and consistently maintains the most lucrative fishery in the country (NMFS 

2019). The decade-long decline of the blue crab fishery in Louisiana has led to increased 

management effort, and the spawning stock biomass has steadied over the last three 

years, yet the juvenile population continues to plummet. Juvenile declines may be the 

result of decreases in recruitment. Recruitment is the result of many varied factors, and 

arguably one of the most significant factors is female reproductive potential. If the 

spawning stock biomass has leveled, yet the juvenile abundance continues to decline, one 

could argue that this study’s evidence of sperm limitation may serve to inform 

management as to a possible factor contributing to decline. Recent management efforts 

have been almost entirely female-targeted. Based on the intensity of the Louisiana 

fishery, its tendency towards male-biased targeting, and lack of male-based restrictions, it 

is not surprising that the Louisiana blue crab fishery shows signs of sperm limitation. 

This study provides valuable information into the decline of the stock and should serve to 

better inform management. We suggest that increased male-based restrictions and 
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parameters would be a well-advised effort to better manage the Louisiana blue crab 

fishery in order to insure the longevity of this economically and culturally valuable 

resource.
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 – SUMMARY AND CONCLUSIONS 

Although Louisiana has led the nation in blue crab landings for 18 of the last 20 

years, spawning stock biomass, recruitment, and juvenile abundance have all reached all-

time lows in the last five years. Management action has been taken, but efforts have been 

inhibited by a lack in knowledge of the challenges facing the population, life cycle 

details, and fishing pressure. This dissertation investigated migratory movements, 

behavioral mechanisms underlying migration movement, fishery exploitation, and the 

potential for sperm limitation of the Louisiana blue crab spawning stock, with the goal of 

providing data directly relevant for future management decisions. 

Chapter 2 describes the spatial and temporal variation in migratory movements of 

the Louisiana blue crab spawning stock using a large-scale mark recapture study tagging 

crabs from 2016-2018 in order to fill gaps in knowledge of the blue crab life cycle in the 

northern Gulf of Mexico, as well as to understand how migratory patterns and fishery 

management efforts interact. Female crabs migrate great distances, up to 443 km from 

tagging to recapture location. Tagged crabs traveled 1.22 ± 0.05 km d-1 on average, and 

spent 30.89 ± 0.83 days at large. 19 crabs traveled over 95 km, 17 of these were tagged in 

the Pontchartrain basin, one in Terrebonne, and one in Barataria. All of these crabs 

traveled in an eastward direction. Crabs from all basins exhibited unimodal directions of 

travel that were mostly representative of seaward migration. Travel rate was highest for 

crabs tagged in the summer, followed by crabs tagged in the spring, followed by fall and 

winter. Travel rate was not affected by reproductive stage. Crabs tagged in salinities 

below 10 ppt traveled at higher rates than those tagged in salinities above 10 ppt for most 

basins, likely as a result of salinity cues triggering migratory behavior. Migrating females 
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are subject to fishing pressure throughout most of their seaward migration and migratory 

movements vary on both spatial and temporal scales. These explanations of migratory 

movement should be considered when developing management plans for the future. 

Chapter 3 examined vertical swimming rhythms in early-stage ovigerous blue 

crabs collected from the northern Gulf of Mexico (Mississippi Sound) to analyze fine-

scale behavioral mechanisms underlying the spawning migration of crabs in the northern 

Gulf of Mexico and other similar microtidal or non-tidal systems. Most female crabs 

collected in this study exhibited rhythmic peak swimming activity at periods of ~12 

and/or ~24 hours, though these swimming peaks did not consistently align with peak ebb-

tide, as previously indicated in other studies of vertical swimming activity of ovigerous 

females from the Chesapeake Bay and North Carolina. As a result, the best current 

explanation for this behavior is that swimming activity of crabs in this area must be 

triggered by exogenous cues such as hydrostatic pressure, salinity, ebb-tide velocity, 

and/or olfactory cues rather than endogenous circatidal rhythms. More research is 

required to better understand the mechanisms underlying spawning migration of crabs in 

this area including active telemetry, field observation of vertical swimming activity, and 

further laboratory experiments observing vertical swimming rhythms. 

Chapter 4 examined the spatial and temporal variation in fishery exploitation of 

the Louisiana blue crab spawning stock using a large-scale mark recapture study wherein 

crabs were tagged 2016-2018 in order to better understand the role that the commercial 

crab fishery may play in recent declines. The efficacy of the 2018 female harvest 

prohibition was also estimated using mark-recapture data from crabs tagged in 2018. The 

overall exploitation rate was 47%, which is nearly five times the current exploitation rate 
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in the Chesapeake Bay, and the exact rate of the Chesapeake Bay for the years 1990-

1998, before major management action.  Fishery exploitation rate varied spatially and 

temporally. Exploitation was highest in the Barataria basin (59%), followed by 

Terrebonne (43%), Pontchartrain (40%), and Breton Sound (23%). Seasonally, 

exploitation was highest during the fall (71%), lowest in the spring (28%), and 

intermediate in the winter and summer (31% and 58% respectively). The female harvest 

prohibition of 2018 decreased the season’s fishery exploitation from 20% to 4%, 

indicating that the measure was in fact successful at mitigating population loss due to 

fishery exploitation. The female harvest prohibition took place during the season that 

already sports the lowest fishery exploitation rate, and for future measures, it may be 

more efficient to restrict harvest during seasons with higher exploitation rates to better 

mitigate overall fishery pressure. The understanding of spatial and temporal variation in 

fishery exploitation provided by this chapter should be considered when developing 

management plans for the future.  

Chapter 5 assessed the potential for sperm limitation in the Louisiana blue crab 

spawning stock by analyzing the sperm stores of recently molted female crabs collected 

from each basin. Sperm quantities evidenced in this study averaged 7.2 x 107 ± 5.5 x 105 , 

an order of magnitude lower than previous studies from other areas, indicating that the 

Louisiana blue crab spawning stock is severely sperm limited. Sperm quantities vary by 

season and crabs that mated in the summer had the highest quantities of sperm, whereas 

crabs that mated in the spring had the lowest quantities of sperm.  Based on our model of 

brood production, crabs from this area could produce 1–11 broods. Only the most 

generous sperm:egg ratio allowed for the fertilization of more than two broods of eggs, 
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and the majority of the modeled scenarios allowed for the fertilization of no broods at all. 

After years of decline, this fishery has only begun to face management restrictions, and 

most of these have been female-targeted. The results of this study indicate that the 

spawning population is severely sperm-limited. As a result, perhaps male-targeted 

restrictions should be considered as well to ensure the long-term viability of the 

population.  

Louisiana has some of the least restrictive regulations surrounding the blue crab 

fishery, yet the state continues to maintain the most lucrative blue crab fishery in the 

nation. The decade long decline of exploitable biomass, juvenile abundance, and 

recruitment has prompted increased management effort in recent years, though these 

efforts have been hindered by gaps in knowledge and lack of understanding of the blue 

crab life cycle in the northern Gulf of Mexico, as well as the array of challenges currently 

impacting the fishery. This dissertation serves to fill in some of these gaps and provide a 

foundation on which current management efforts can be built. 
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