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The Gulf of Mexico (GoM) contains a variety oceanographic features including; 

the Loop Current, cyclonic/anticyclonic eddies, common water, and the Mississippi River 

Plume. The relationship these features have on the community assemblages of Families 

Lutjanidae and Serranidae has been of great interest from both biological and economic 

standpoints. These families represent some of the most economically important fisheries 

in the GoM. Identifying the role these features play in the transportation of larval and 

juvenile nearshore species to offshore environments is vital to resource managers. Using 

data collected shortly after the Deepwater Horizon Oil Spill via the NOAA Natural 

Resource Damage Assessment in 2011 as well as cruises conducted by the Deep Pelagic 

Nekton Dynamics of the Gulf of Mexico (DEEPEND) Consortium from 2015-2017, the 

faunal composition and abundance of these families were analyzed with respect to 

seasonality, oceanographic features, depth distribution, and time. 
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Chapter One: Introduction 

Physical Characteristics of the Gulf of Mexico: 

The Gulf of Mexico (GoM) is a dynamic environment with a variety of 

hydrographic features and oceanographic processes taking place. It is bordered to the 

north by the United States (Florida, Alabama, Mississippi, Louisiana, and Texas), to the 

south by Mexico, and the southeast by Cuba. The most important hydrographic feature of 

the GoM is the Loop Current (LC); a warm and high salinity water mass that enters from 

the Caribbean Sea (Richards et al. 1993; Sturges and Evans 1983). The LC moves 

through the Yucatan Straits, penetrates into the central Gulf, and turns south to exit 

between Key West and Cuba becoming the Gulf Stream (Richards et al. 1993; Sturges 

and Evans 1983). The LC’s penetration into the central GoM has been linked to seasonal 

variations, with the deepest penetrations occurring in the summer (June-July) and winter 

(December-January) (Chang and Oey 2012). The variation in the extent to which the LC 

penetrates into the central GoM is the result of geostrophic transport through the Yucatan 

Channel (Chang and Oey 2012). The path of the LC is also subject to fluctuations as a 

result of a number of factors including; annual wind cycles, atmospheric forcing, short 

and long waves, frontal eddies with or without closed cores, and baroclinic instabilities 

(Change and Oey 2012; Donohue et al. 2016). Along with annual wind cycles, the LC 

may vary as a result of the 30-50 month period where large scale waves in the 

atmosphere occur over the North Atlantic (Sturges and Evans 1983). This helps further 

explain the connection between the fluctuations and variability of the LC as a result of 
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wind driven forces (Sturges and Evans 1983). Although these seasonal patterns have been 

observed by a number of studies, it must be stated that there are substantial deviations 

from these patterns and that penetrations into the Central GoM, along with the shedding 

of eddies, have the potential to occur at almost any point during the year (Sturges and 

Evans 1983, Chang and Oey 2012).  

The LC flows at a rate of up to 250 cm/s, the boundary of which can create 

meanders, eddies, strong convergences, and divergences (Richards et al. 1993). These 

features make the LC boundary one of the most hydrographically dynamic environments 

in the GoM (Richards et al. 1993). Specific factors will, at times, also cause the LC to 

break off and create anticyclonic eddies that move into the Western GoM (Richards et al. 

1993). The most important of these factors is seasonality, where winds from the 

Caribbean Sea and GoM during the summer and winter months are strongest (Chang and 

Oey 2012). The intensified trade winds from the Caribbean combined with the weak 

easterly winds of the GoM offer very little resistance to the formation of eddies during 

these time periods (Chang and Oey 2012). These eddies can be as large as 400 km in 

diameter and survive for approximately one year (Richards et al. 1993). There was a total 

of 47 eddy shedding events between the years of 1974-2010 where the time it took for an 

eddy to become separated from the LC was anywhere from 4-19 months (Chang and Oey 

2012). Eddy shedding is fastest and most common when the LC has severely penetrated 

into the Central GoM, at which point an eddy can pinch off the main current within a few 

weeks (Chang and Oey 2012). 

Another major hydrographic feature of the GoM is the Mississippi River discharge 

plume, which drains an area of 1.2x10
6
km

2
 and discharges an average of 1.83x10

4
m

3
s

-1
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through the Mississippi Delta and Atchafalaya distributaries (Grimes and Finucane 

1991). The discharge of the Mississippi River varies seasonally, with the greatest amount 

of discharge occurring in the spring as a result of snow melt and decreasing to its lowest 

point in the winter as a result of lowered levels of precipitation (Grimes and Finucane 

1991; Grimes and Kingsford 1996). The resultant discharge plume can extend upwards of 

100 km offshore and is composed of turbid, low salinity waters, high in nutrients and low 

in density (Grimes and Finucane 1991).  

The physical characteristics of the GoM play an important role to the biodiversity 

residing within. It is home to thousands of fish species, some of which are crucial to the 

economy of the southern United States and provide a stable livelihood for those living on 

its shores. In particular, fish belonging to families Lutjanidae (Chordata: Actinopterygii: 

Perciformes) and Serranidae (Chordata: Actinopterygii: Perciformes) represent two of the 

most important commercially and recreationally exploited fisheries in the Southern 

United States (NMFS 2017). Research on the relationship between the ecology of these 

fishes and the physical characteristics of the GoM will provide vital knowledge to the 

managers of these valuable resources and help ensure the sustainability of these stocks 

for future generations.  

 

Family Lutjanidae: 

The family Lutjanidae (snappers) is represented by approximately 125 species 

subdivided into 21 genera within five subfamilies worldwide (Richards 2006 Vol. 2; 

Nelson et al. 2016). The GoM is home to three subfamilies of lutjanids: Lutjaninae 

(Genera: Lutjanus, Ocyurus, and Rhomboplites), Etilinae (Genera: Etelis and 
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Pristipomoides), and Apsilinae (Genus: Apsilus) (Anderson 1967; Richards 2006 Vol.2; 

D’Alessandro et al. 2010; Gold et al. 2011). The genus Lutjanus has 11 species and is the 

most commercially and recreationally valuable of the three subfamilies within the GoM 

(Richards 2006 Vol.2). The genera Apsilus, Etelis, Ocyurus, and Rhomboplites each have 

only one species within the GoM (Richards 2006 Vol.2). The final genus, Pristipomoides, 

has three species in the GoM (Anderson 1967, 1972; Richards 2006 Vol.2; Drass et al. 

2000). Snappers contain well-developed conically shaped canine teeth from very early 

life stages, have a moderately compressed fusiform body shape, and can reach maximum 

sizes from 23-160 cm depending on the species (Richards 2006 Vol. 2).  

Snappers are primarily associated with demersal fish habitats containing complex 

benthic structure along the continental and insular shelves in tropical and temperate 

environments (Richards 2006 Vol. 2; Kraus et al. 2007). The 11 species of genus 

Lutjanus as well as Ocyurus chrysurus are most often associated with shallow nearshore 

coral and backreef habitats (D’Alessandro et al. 2010). The three species within genus 

Pristipomoides and the single species within genera Rhomboplites, Apsilus, and Etelis are 

most often found in deeper shelf reefs (D’Alessandro et al. 2010; Gobert et al. 2005; 

Weaver et al. 2006). These species have a minimum depth of 50 m but can be found as 

deep as 450 m, when referring to Etelis oculatus (D’Alessandro et al. 2010; Gobert et al. 

2005). Some species will also go through life stages where estuaries and freshwater 

habitats offer suitable living conditions (Richards 2006 Vol.2).  

Many lutjanids are relatively long-lived with early maturation and high fecundity 

(Gallaway et al. 2009). A well-known example is Lutjanus campechanus (red snapper) 

which matures at an age of two years, can live a maximum of 50 years, and can produce 
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as many as 55.5 million eggs over an average lifespan (Gallaway et al. 2009). Snappers 

represent some of the larger predators on reef structures. Adults have diets that include; 

fishes, benthic crustaceans, squids, and pelagic zooplankton, while juvenile diets are 

composed of small shrimps and crustaceans (Wells et al. 2008). As some of the larger 

predators in their environments, species within the family Lutjanidae have a significant 

influence on the ecosystem and can directly control prey abundance through top-down 

predator-prey interactions (Frisch et al. 2014). Occupying a higher position on the trophic 

ladder also attributes bottom up influences in the form of providing nutrients like 

phosphorus and nitrogen to reef ecosystems (Allgeier et al. 2016). 

Adult snappers will often undergo large migrations to offshore reefs at which 

point they form very large spawning aggregations (D’Alessandro 2010; Coleman et al. 

2000). Offshore currents and other oceanographic processes can disperse larvae over 

hundreds of kilometers over the course of 20-50 days until the larvae can find a suitable 

habitat to settle upon (Coleman et al. 2000).  These larvae often go through different 

stages of development, requiring unique habitats and exhibiting variable recruitment 

dynamics (Coleman et al. 2000). The planktonic eggs and larvae of snappers experience 

extremely high mortality rates due to their susceptibility to factors such as starvation, 

predation, and being transported away from suitable habitat via oceanographic processes 

(D’Alessandro 2010).  

 

Family Serranidae: 

The family Serranidae (groupers), the most economically important subgroup of 

which are the true groupers and black seabasses, represents an important aspect to the 
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United States recreational and commercial fisheries within the GoM (Richards 2006 

Vol.1; NMFS 2017). The family Serranidae is very large and comprised of 449 species 

which are subdivided into 62 genera worldwide (Richards 2006 Vol.1). According to 

Nelson et al. (2016) and Johnson (1983), there are three subfamilies of the family 

Serranidae: Serraninae, Epinephilinae, Anthiinae. Subfamily Serraninae contains a small 

number of recreationally and commercially exploited species but also a number of 

species that are targeted for the ornamental aquarium trade within the genus Centropristis 

(Richards 2006 Vol.1; Nelson et al. 2016). Subfamily Epinephilinae is further divided 

into three tribes: Epinephilini, Liopromatini, and Grammastini (Richards 2006 Vol.1; 

Nelson et al. 2016). The tribe Epinephilini contains the largest number of commercially 

and recreationally targeted fisheries species of the family Serranidae (Richards 2006 

Vol.1). Within the GoM, the subfamily Serraninae contains 35 species, Epinephilinae 

contains 44 species, and Anthiinae contains nine species for a total of 88 species 

(Richards 2006 Vol.1). Although these taxa are found within the overarching family 

Serranidae, many of them display a series of unique character traits allowing for positive 

identification to the subfamily/tribe level. These features include very large and robust 

interopercle and preopercular spines for subfamily Anthiinae, large serrated dorsal and 

pelvic spines (often as long as the full body length of the individual) in tribe Epinephilini, 

and elongated second and third dorsal spines (as much as three times the full body length 

of the individual) with fleshy flap-like appendages and swellings for tribe Liopromatini 

(Richards 2006 Vol.1). 

Groupers are most often found in tropical marine waters; however, several species 

can survive in more temperate climates and some can even enter freshwater habitats 
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(Richards 2006 Vol.1). The benthic environment of the northwestern GoM is dominated 

by low relief soft sediments with scatterings of high relief hard banks that support diverse 

fish assemblages and important aggregation areas for lutjanids and serranids (Weaver et 

al. 2006; Kraus et al. 2007).  Serranids occupy a relatively similar habitat and trophic 

position as lutjanids, preferring demersal habitats with complex structure along the 

continental shelves (Richards 2006 Vol.1). The majority of species found in family 

Serranidae are relatively shallow living with only a few groups preferring deeper reefs 

including the genera Anthias, and Hemanthias (Weaver et al. 2006). Like the lutjanids, 

serranids can affect ecosystem composition through top-down predatory controls 

(Richards 2006 Vol. 1; Frisch et al. 2014) as well as bottom up influences in the form of 

providing the nutrients phosphorus and nitrogen on reefs (Allgeier et al. 2016). Groupers 

are often cryptic, preferring to occupy the cracks and crevices of reef structures and 

inhabit a wide depth range with the larger individuals inhabiting the deeper extremes 

(Thompson and Monro 1978). These animals are relatively long lived, slow growing, and 

late to mature (3-7 years) with a maximum age ranging from 25-40 years, depending on 

the species (Coleman et al. 2000).  

Many grouper species form large aggregations on offshore reefs during specific 

times of the year to spawn (D’Alessandro 2010). It is often the older members of a 

species that leads younger individuals towards these spawning grounds (Birkeland and 

Dayton 2005). Nassau groupers often aggregate during their spawning seasons 

(December-January) around the time of the full moons (Coleman et al. 2000). These 

groups can exceed 10,000 individuals and occur at only a few specific locations for a 

total of approximately 10 days between the two months (Coleman et al. 2000). The 
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resultant eggs and larvae are dispersed hundreds of kilometers by oceanographic 

processes over the course of 20-50 days until a suitable settlement habitat is found 

(Coleman et al. 2000).  

 

Economic Importance: 

As previously stated, the GoM is home to a variety of commercially and 

recreationally exploited fish stocks, with those of interest being snappers and groupers. In 

2015, the GoM’s Seafood Industry generated $501 million in Alabama, $1.8 billion in 

Louisiana, $465 million in Mississippi, $1 billion in Texas, and $17.7 billion in Florida in 

sales impacts (NMFS 2017). The state of Florida generates the most employment (79,700 

jobs), income ($3.3 billion), and value added impacts ($5.9 billion) of any other GoM 

bordering state (NMFS 2017). Alabama represented the lowest income ($169 million) 

and employment (9,348 jobs) impacts of 2015 (NMFS 2017).  Across all sectors of the 

economy for Texas, Alabama, Florida, Louisiana, and Mississippi, nearly 22 million 

full/part time workers were employed via 1.3 million establishments in 2015 in relation to 

either the recreational or commercial fishing industries (NMFS 2017). The annual payroll 

for these employees totaled to approximately $988 billion and the gross domestic product 

of all the bordering states totaled nearly $3 trillion (NMFS 2017).  

The recreational fishing industry also plays an important role in the cultural, 

economic, and ecological well-being of the GoM region. In 2015, recreational anglers 

collectively invested in 19.7 million fishing trips to the GoM resulting in $1.4 billion in 

related expenditures (NMFS 2017). Of these fishing trips, 41% were purchased from 

private boats while 30% were purchased through rental companies (NMFS 2017). The 
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recreational fishing industry’s impact on the economic health of the bordering states can 

be measured by observing employment and sales impacts. The two highest employment 

impacts of the recreational fishing industry in 2015 occurred in West Florida (61,300 

jobs), and Texas (15,400 jobs) (NMFS 2017). Sales impacts mirrored employment 

impacts with West Florida contributing $6.9 billion to the state’s GDP, followed by 

Texas ($1.9 billion) (NMFS 2017). Overall the total fishing trip and equipment 

expenditures of the recreational fishing industry of the GoM falls approximately around 

$10 billion for 2015 (NMFS 2017).  

Species from the families Lutjanidae and Serranidae represent some of the most 

economically vital recreational and commercial fishery species in the GoM. The genus 

Lutjanus contains one of the most recognizable food-fish therein, the red snapper, which 

represents a large portion of the multibillion dollar recreational and commercial fishing 

industry (Rindone et al. 2015). The red snapper fishery has had an average landing of 

4,110,300 pounds per year from 2006-2015 and brings in a yearly average of 

approximately $ 14.5 million in total landings revenue as a commercial fishery (NMFS 

2017). Groupers are harvested at an average rate of 7,792,400 pounds per year and have 

had an average total landings revenue of nearly $23 million per year from 2006-2015 

(NMFS 2017). The value of these fish stocks is not only represented monetarily, but also 

culturally and should be managed in a way that reduces overexploitation and encourages 

future sustainability.  
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Management: 

The incredible increase in the demand for seafood over the past half century can 

be attributed to the rise in human populations, per capita increases in consumption, a 

technological boom in fishing technology, and the invention of refrigeration (Coleman et 

al. 2000; Food and Agriculture Organization of the United Nations [FAO] 2016). This 

increased demand has led to the systematic decline of major fish stocks worldwide; with 

stocks located in warm-temperate and tropical regions more susceptible to declinations 

(Coleman et al. 2000; Pauly and Zeller 2015). At present, the global fishing fleet is two to 

three times larger than what the oceans can sustainably support and has led to the 

overexploitation of 31.4% of the world’s fisheries (FAO 2016). Recreational fisheries 

also pose a threat to stock levels as a result of increased technological advancements and 

the explosion of the human population (Birkeland and Dayton 2005; Coleman et al. 

2004). Recreational fisheries are responsible for the harvest of approximately 4-5% of all 

U.S landings (Coleman et al. 2004). When removing large biomass fisheries, like Pollock 

and Menhaden, this average increases to 10% of all US landings and when focusing on 

species of concern it is responsible for 23% (Coleman et al. 2004). There are regional 

differences in landings of species of concern from the recreational sport fishery with the 

GoM having 64% removed recreationally and 38% in the South Atlantic (Coleman 

2004). This has led to an increased exploitation of the coastal marine ecosystem where in 

some cases the harvest rates have dropped population densities of targeted species by 75-

95% (Birkeland and Dayton 2005). The American Fisheries Society has acknowledged 

that a conservative management plan is best when preventing the stock collapse of 

commercially and recreationally exploited reef fish species (Coleman et al. 2000). 
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Snappers and groupers are both slow growing and late-maturing, making them 

susceptible to overfishing and potential stock collapses (Coleman et al. 2000).  As a 

result, the American Fisheries Society has recommended that fishing mortality for these 

animals are maintained as closely to the rate of natural mortality as possible (Coleman et 

al. 2000). 

The gag grouper (Mycteroperca microlepis) and red snapper are two of the most 

popular game fishes in the GoM. These stocks are currently characterized as overfished, 

and the gag grouper continues to suffer from overfishing despite knowledge of the 

stock’s overfished status (National Marine Fisheries Service 2014). Other popular game 

and commercial members of Lutjanidae and Serranidae that have been historically 

overfished in the GoM include; black sea bass (Centropristis striata), Scamp 

(Mycteroperca phenax), snowy grouper (Epinephelus niveatus), warsaw grouper 

(Epinephelus morio), Nassau Grouper (Epinephelus striata), speckled hind (E. 

drummondhayi), Atlantic goliath grouper (E. itajara), and vermillion snappers 

(Rhomboplites aurorubens) (Coleman et al. 2000). Nassau and Goliath groupers are so 

overfished that there has been a complete ban on the harvest and possession of Nassau 

and Atlantic goliath grouper in US federal and state waters since 1990 (Coleman et al. 

2000).  Both species have also been listed as a candidate species on the US Endangered 

Species List (Coleman et al. 2000; Craig 2011). Gag and goliath groupers were 

historically very similar in their reproductive habits to the Nassau grouper, but after 

intense commercial and recreational fishing pressure on their reproductive aggregations, 

their populations were decimated and have yet to fully recover (Coleman et al. 2000). 

The combination of these animals having high site fidelity to both nonspawning and 
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spawning habitats, with short predictable spawning seasons and very large aggregations 

makes them extremely susceptible to severe overexploitation and potential collapse 

(Coleman et al. 2000).   

Fishing effort for snappers and groupers typically concentrates heavily on the 

oldest and largest members of the population, which act as a reservoir of reproductive 

output (Coleman et al. 2000). The targeting of these larger individuals occurs as a result 

of market demand and the relative ease associated with catching them when forming 

large spawning aggregations at conspicuous geological features (Coleman et al. 2000). 

As fishing pressure increases in this fashion, a truncation of both size and age structures 

in these animals occurs resulting in higher catches of relatively small young fish as 

opposed to the more valuable larger older fish (Coleman et al. 2000). The truncation of 

both size and age structures has been the cause of the overall ill health of the red snapper 

fishery in recent years (Coleman et al. 2000). Removing the larger individuals from a 

population also reduces that population’s reproductive potential. A 61 cm female red 

snapper has the potential to produce as many eggs as 212 red snappers at 42 cm, and 

similarly an eight-year-old gag grouper can produce as many eggs as 48 three-year-old 

individuals (Coleman et al. 2000). Larger females have also been shown to produce 

larvae of higher quality that can survive longer periods of starvation and can grow as 

much as three times as fast as their smaller counterparts (Birkeland and Dayton 2005). 

This is most likely due to the older individual’s higher metabolic reserves and its ability 

to devote more resources to each larva as a result (Birkeland and Dayton 2005). When the 

larger, more fecund individuals are removed, the population’s ability to renew itself 
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decreases; thus, increasing the likelihood and vulnerability of these stocks to 

overexploitation (Coleman et al. 2000; Birkeland and Dayton 2005) 

Management of snappers and groupers relies heavily on the catch-at-age data, a 

fisheries-dependent dataset, which is then used to form a Virtual Population Analysis 

(VPA) (Coleman et al. 2000). These VPA’s are used to help identify key features of 

specific cohorts and year classes (Coleman et al. 2000). The outcome of the VPA informs 

managers at what level to set the total allowable catch for the next year in order to ensure 

sustainability of the stock for future exploitation (Coleman et al. 2000). The greatest 

drawback in using VPA’s and fisheries-dependent datasets is that they only provide 

information on year classes that have already passed through the fishery, with no 

information on those that are too young to do so (Coleman et al. 2000). This bias can lead 

to an underestimation of fishing mortality, an overestimation of stock size and general 

health, and a misplaced sense of security when referring to the stability of a stock 

(Coleman et al. 2000).  

The biology and ecology of stocks also plays an important role in management 

efforts. Many reef species, groupers in particular, are protogynous hermaphrodites 

meaning that all members of the species begin life as females and once they reach a 

certain age switch sexes to become males (Coleman et al. 2000). As previously 

mentioned, the targets of many fisheries are often the larger older individuals of a 

population, which means the older, larger males are being removed from the population 

disproportionately to females. It is therefore important for managers to take these aspects 

of biology into consideration in order to ensure a functional sex ratio (Coleman et al. 

2000). Another factor to consider includes the ontogenetic shifts in habitat selections 
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from larval to adult stages, which can last a number of years within these two families 

(Aburto-Oropeza et al. 2010). Predicting future abundances and matching management 

strategies when taking these timelines and biological factors into consideration makes for 

a very difficult situation (Aburto-Oropeza et al. 2010). 

 

Ichthyoplankton: 

Studies on the early life history stages of fishes are important for fisheries 

management (Bailey and Houde 1989; DeLafontaine et al. 1992; DeMartini 1998; Lobel 

and Robinson 1983), but the topic is historically understudied due to the difficulty of 

obtaining samples and identifying specimens to the species level (D’Alessandro et al. 

2010). By assessing and monitoring the larval and juvenile individuals of a population, 

the climactic changes over time, and oceanographic variability, managers are able to use 

recruitment forecasting to anticipate potential problems with future stocks and 

preemptively adjust management plans to cope (Coleman et al. 2000; Aburto-Oropeza et 

al. 2010). Using ichthyoplankton as a method of collecting fisheries-independent data for 

stock assessments has increased in recent years as the need for these types of data have 

been in demand to assist with management and conservation efforts (Moser and Smith 

1993a, 1993b). Ichthyoplankton surveys have been used as a method of identifying fish 

biomass in the past because they represent a comprehensive catalog of the species located 

within the study area and are relatively inexpensive to conduct (Moser and Smith 1993a, 

1993b). The ability to forecast the future abundances of these cohorts is an integral part 

of fisheries management and can help prevent overexploitation of stocks and ensure 

sustainability for future generations (DeLafontaine et al. 1992; DeMartini 1998). 
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Additionally, the overall behavior, early life history, and the forces that govern the 

distribution and recruitment of juvenile fishes are relatively unknown and have been the 

subjects of interest to help inform and improve traditional means of fisheries management 

(Grimes and Finucane 1991). 

Early attempts at studying larval fish assemblages focused on the timing and 

geography of spawning events in adults with the hope of quantifying and understanding 

the mechanisms behind the early mortality and survival of important fish species (Moser 

and Smith 1993a; Johannes 1978).  These methods have been successful in the 

management of the Northern Anchovy (Engraulis mordax), specifically, in accurately 

estimating the adult and juvenile biomass represented by eggs and larvae (Moser and 

Smith 1993b). Although accurate for some species, these methods depend heavily on the 

state of knowledge in planktonic identification, demography of the species of interest, 

and reproductive biology (Moser and Smith 1993b). These methods are not as effective 

for reef dwelling species who often exhibit complex spawning behaviors in the form of 

aggregations in areas that will favor the transport of newly fertilized eggs offshore in an 

attempt to reduce the probability of nearshore predation (Johannes 1978; Lobel and 

Robinson 1983). These larvae grow and mature offshore until the resulting individuals 

must return to and settle upon suitable habitat in order to survive (Johannes 1978; Lobel 

and Robinson 1983). Demography and reproductive information is lacking for all but a 

few species of fish, where those with sufficient information are exploited for economic 

purposes (Moser and Smith 1993a). 

The importance of larval fish behavior when analyzing community structure and 

assemblages cannot be overstated. Depending on the swimming ability, life stage, and 
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behavior of the larvae, the assemblages and associated species therein could vary widely. 

The motile capabilities of larval swimming behavior are dependent upon life stage, where 

younger larval assemblages are retained or transported by oceanographic processes until 

reaching an age and size where they can actively search for more favorable habitats 

(Peguero-Icaza et al. 2008). Studies looking at the larval fish assemblages of coral reefs 

in the Indo-Pacific found that the vertical spatial structure of a reef was the result of 

larval swimming behavior, which broke down at night while horizontal structure was 

related to topography and habitat (Moser and Smith 1993a). The behavior of larvae can 

therefore change the structure of fish communities and the assemblages therein, 

especially when in relation to physical structures like coral reefs (Moser and Smith 

1993a). This is further illustrated by Paris et al. (2005), who investigated the larval 

transport pathways of five species of snapper (lane, mutton, dog, cubera, and gray) and 

used biophysical modeling to analyze the transport of larvae. They found that active 

larvae had a better chance of reaching settlement areas, whereas passive larvae had a 

similar distribution but were less successful, leading to homogenous low abundance 

(Paris et al. 2005).  

The physical characteristics of the environment where larval fishes inhabit have a 

massive impact on their behavior, mortality, how they congregate, and the diversity of 

their assemblages (Peguero-Icaza et al. 2008). Studies focusing on these physical 

characteristics have been invaluable in identifying the presence of structure in 

ichthyoplankton communities, however, they have been lacking in the identification of 

processes that govern these structures (Cowen et al. 1993). The physical processes, which 

act to congregate and transport larval fishes on a range of scales, are some of the most 
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powerful influences on these organisms’ community assemblages (Cowen et al. 1993; 

Grimes and Finucane 1991; Peguero-Icaza et al. 2008). Previous studies have often 

looked at these assemblages in relation to salinity, chlorophyll a, and temperature, but 

these limited factors often do not encapsulate the mechanisms governing icthyoplankton 

assemblages (Cowen et al. 1993; Grimes and Finucane 1991; Grimes and Kingsford 

1996; Govoni 1993). Instead, it appears that the history of water masses plays an 

important role and a detailed knowledge of circulation processes within a study area is 

necessary in order to quantify this relationship (Cowen et al. 1993; Lobel and Robinson 

1983; Hare and Cowen 1991).  

A study conducted by Moser and Smith (1993b) investigated a semi-permanent front 

off the coast of Ensenada, Mexico where cold eutrophic waters to the north were 

separated from warm oligotrophic waters in the south, yielding a large quantity of 

diversity in the larval fish community. Fronts consist of sharp gradients in temperature 

over relatively short distances and can form as a result of upwelling, current shears, 

convergence and divergence zones, jet streams, vertically, and with a thermocline (Lobel 

and Robinson 1983). Bianchi (1991) further revealed that larval fish assemblages were 

also controlled by depth and depth-related factors such as; dissolved O2 concentrations, 

light availability, pressure, bottom type, and temperature. There are three major factors 

when considering the success of ichthyoplankton and fish year classes; feeding success, 

predation, and transport (Grimes and Finucane 1991). Oceanographic conditions play a 

pivotal role in these three factors; both biologically in the form of low levels of predation 

and high abundance of food, and physically in the form of optimal temperature, salinity, 
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and oceanographic processes that improve retention and transportation of larvae to 

nursery habitats (Peguero-Icaza et al. 2008; Grimes and Finucane 1991).  

As previously stated, eddies represent one of the most common and integral 

oceanographic processes in the oceans (Chang and Oey 2012). The scale to which these 

physical phenomena extend in the GoM guarantees an effect on the biology found within. 

The role in which eddies play with regard to the distribution of ichthyoplankton is 

dependent upon the type of eddy formed (Lobel and Robinson 1983). Warm-core eddies 

(anticyclonic), which spin in a clockwise fashion, are often oligotrophic in nature and 

cold-core eddies (cyclonic), which spin counter clockwise, are often much higher in 

nutrients and form as a result of friction with warm-core eddies (Chang and Oey 2012; 

Lobel and Robinson 1983). It has been shown that warm core eddies have been the 

mechanism of transport for many tropical species into the more temperate habitats of 

northern latitudes (Hare and Cowen 1991). The distances covered by these hydrographic 

features and the ichthyoplankton therein can exceed 1000 km before the collapse of the 

eddy takes place and the larvae are forced to settle or die within their new environment 

(Hare and Cowen 1991). Eddies have also been shown to provide important larval habitat 

through an increase in primary productivity via upwelling which leads to faster growth 

rates in larval fishes and a greater size at age overall (Shulzitski et al. 2015, 2016). 

The LC Boundary is one of the most dynamic and important hydrographic features of 

the GoM and is characterized by a large gradient of physical properties and potential 

mixing of pelagic and coastal faunas (Richards et al. 1993). Variation in the species 

composition of this area is therefore a result of mixing, and the horizontal and vertical 

habitats encompassed within the water column (Richards et al. 1993). Bluefin tuna 
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spawning has been historically associated with the LC Boundary and is one of only a 

handful of known spawning grounds for this valuable resource (Richards et al. 1993). 

The Southeastern Area Monitoring and Assessment Program (SEAMAP) has been 

conducting ichthyoplankton surveys of the GoM since 1982 in order to gain a better 

understanding of the spawning behavior of bluefin tuna and the factors that govern its 

abundance and distribution (Richards et al. 1993). It is clear that fronts, water masses, 

and other physical boundaries play an important role in the regulation of larval fish 

assemblages and, ultimately, on parent fish populations and geographic distributions 

(Lobel and Robinson 1983; Hare and Cowen 1991). 

Ichthyoplankton are dynamic in both distribution and membership within established 

assemblages. Inter-annual sampling of ichthyoplankton can reveal which species are 

transient members of assemblages and help explain when and where these species attain 

membership and the mechanisms utilized to do so (Cowen et al. 1993). Studying the 

crossing of boundaries between assemblages as well as the residence within an 

assemblage may lead to a deeper understanding of the physical processes that govern 

these communities (Cowen et al. 1993). It may also show the extent to which larvae may 

adapt their transport through simple behavior (vertical migration) or more complex 

behaviors (horizontal swimming and navigation) (Cowen et al. 1993).  

It is important to remember that although much of the established literature covers 

multi-year analyses of ichthyoplankton assemblages, short term analyses of these animals 

would be valuable in assessing seasonal and event-level fluctuations (Cowen et al. 1993). 

For example, the distribution of newly recruited snappers and groupers can be heavily 

influenced by storm events (Krauss et al. 2007). A multi-year analysis of ichthyoplankton 
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assemblages could potentially mask these storm-related changes to larval snapper and 

grouper assemblages. Seasonal occurrences of ichthyoplankton are often a result of their 

adult counterparts reproductive behavior (spawning), the physical oceanography that 

distributes eggs/larvae, and larval swimming behaviors (Hernandez Jr. et al. 2010). 

Identifying temporal trends in the occurrence of ichthyoplankton can be used to help 

managers determine the spawning locations and behaviors of adult fishes and implement 

area and seasonal closures to protect spawning aggregations (Hernandez Jr. et al. 2010). 

Information related to seasonality in species specific ichthyoplankton can also be used as 

a form of fisheries-independent data for stock assessments and creating more informed 

management practices (Hernandez Jr. et al. 2010). 

As fisheries science has evolved past a one species management model toward a 

more ecosystem and ecology-based management plan, the need to research 

ichthyoplankton and gain a more complete understanding of the ecology of fishes has 

become paramount. The intrinsic value of the study of ichthyoplankton is heavily 

dependent on the taxonomic competence of the researcher and any progress in the field 

will be associated not only with analytical innovation but increased taxonomic 

specificity. 
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Chapter Two: Project Description and Background 

The Deepwater Horizon oil spill released an estimated 4.9 million barrels of crude 

oil into GoM from April-August, 2010 and is considered to be one of the worst 

environmental disasters in the history of the United States (Sumaila et al. 2012). The use 

of oil dispersant chemicals was authorized by the federal government on an 

unprecedented level during the Deepwater Horizon oil spill (National Commission on the 

BP Deepwater Horizon oil spill and Offshore Drilling [NCBPDWHOSOD] 2010). A 

total of approximately 1.84 million gallons were used in an attempt to dilute 

concentrations at the surface and deep-sea as well (NCBPDWHOSOD 2010). These 

dispersant chemicals do not remove oil from the water but instead dilute oil 

concentrations by emulsifying or creating small oil droplets that can be mixed throughout 

the water column reducing overall concentrations but potentially increasing the spread of 

oil at lower concentrations (NCBPDWHOSOD 2010).  

The effects of oil on juvenile fishes have been studied extensively. In the case of 

the Exxon Valdez spill in Prince William Sound Alaska, early hatching, genetic and 

morphological abnormalities, increased mortality, and reduced growth rates were seen in 

pink salmon and Pacific herring (Sumaila et al. 2012). In particular, Incardona et al. 

(2014) describes an acute and delayed mortality associated with the larvae of large 

predatory fishes that have come into contact with polycyclic aromatic hydrocarbons 

(PAHs). These larvae often display developmental deformations of the heart, reducing 

function and the animals’ ability to maintain increased swimming speeds (Hicken et al. 
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2011; Incardona et al. 2014). The effects of oil and dispersed oil have also been shown to 

have negative impacts on the eggs and larvae of a number of marine fish and invertebrate 

species ranging from malformation of larvae to loss of egg viability, and increased 

mortality (Fucik et al. 1995). On the population level, Rooker et al. (2013) observed a 

negative inter-annual variability in pelagic larval fish (blackfin tuna, sail fish, blue 

marlin, and dolphinfish) abundance in 2010 when compared to 2007-2009. Although not 

always statistically significant, this negative trend in larval abundance paints an ominous 

future for the fate of these valuable pelagic fisheries (Rooker et al. 2013). The severity of 

these effects is often linked with the magnitude of the spill and can be expected to have 

taken place on a massive scale when referring to the Deepwater Horizon oil spill. 

 In response to the Deepwater Horizon oil spill, the National Oceanic and 

Atmospheric Administration (NOAA) conducted a Natural Resource Damage 

Assessment (NRDA), which investigated the damages caused by the oil spill and planned 

for the restoration of impacted areas. This damage assessment entailed many multiple 

investigations of nearshore and offshore impacts of the oil and dispersants. One such 

study was the Offshore Nekton Survey Analysis Program (ONSAP), which included 

seven research cruises in 2010-2011to gain an understanding of which nektonic 

organisms were affected by the disaster. These surveys, and the thousands of samples 

collected, represent a baseline of comparison for future studies. Several years later, the 

Deep Pelagic Nekton Dynamics of the Gulf of Mexico Consortium (DEEPEND), which 

included most of the original ONSAP scientists, conducted follow-up survey cruises in 

2015-2017 in the same fashion as the NRDA ONSAP in order to gain a better 

understanding of the dynamics governing pelagic nekton in the GoM. Both sets of cruises 
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have found a wide assortment of juvenile fish species from families Lutjanidae and 

Serranidae, many of which are exploited either by a commercial or recreational fishery 

and must therefore be carefully managed to prevent overexploitation. 

 The use of the preserved specimens from these research cruises, along with those 

to be collected in the upcoming sampling years, will allow for the analysis of community 

assemblages of species within the families Serranidae and Lutjanidae and give insight 

into the physical factors that govern their abundance, distribution, and seasonality. This 

data represents a vital piece of information in the life history of these species and could 

provide insights on the effect of the Deepwater Horizon oil spill and how better to 

improve management efforts for these valuable resources. 

 

Statement of Objectives and Hypotheses: 

Purpose: 

We aim to describe and assess the composition, abundance, and distribution of juvenile 

fish assemblages within the families Lutjanidae and Serranidae in the GoM and 

determine how these factors are affected by the GoM’s hydrographic features, and the 

Deepwater Horizon oil spill. 

 

Goals: 

Our major goals for this study are to assess the juvenile fish assemblages of families 

Lutjanidae and Serranidae in the Central GoM in the following ways; (1) identify the 

composition, distribution, and standardized density of larval fishes, (2) investigate how 
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they change daily,  seasonally, and from year to year, (3) and examine how they change 

with respect to the LC or eddies. 

 

Hypotheses: 

H1: There is a seasonal and diel difference in the abundance, standard length, species 

richness, and composition of larval assemblages of species within and between the 

families Lutjanidae and Serranidae. 

H2: There is a difference with regard to abundance, species richness, standard length, and 

composition between the larval assemblages of families Lutjanidae and Serranidae when 

inside the LC or an eddy versus outside these hydrographic features during the 

DEEPEND cruise series. 

H3: There is a difference in the abundance, species richness, standard length, and 

composition of larval assemblages of families Lutjanidae and Serranidae between the 

M/V Meg Skansi cruise series and those of DEEPEND. 

 

Materials and Methods: 

Description of Study Areas: 

In 2010-2011 the NOAA NRDA ONSAP conducted a total of four research 

cruises via the R/V Pisces in response to the Deepwater Horizon oil spill. The sample grid 

was a subset of the SEAMAP sampling grid from Eldridge (1988) with stations occurring 

every half degree of latitude-longitude in the northern GoM (Fig. 1). The grid covers an 

area of approximately 61,000 km
2
 with the site of the Macondo Well (where the 
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Deepwater Horizon was drilling) located roughly at the north central area of the grid 

(Fig. 1).  

Three additional research cruises were conducted by the NOAA NRDA ONSAP 

via the M/V Meg Skansi from March-April, May-June, and August-September in 2011 

(Sutton et al. 2015a). These cruises took samples from the North Central GoM and 

followed the same pre-established SEAMAP grid followed by the previous series of 

cruises (Sutton et al. 2015a).  

The same sample stations established by the NOAA NRDA were also adopted by 

the DEEPEND Consortium and resampled twice per year starting in 2015 (Sutton et al. 

2015a, 2015b, 2016, 2017). The DEEPEND Consortium conducted two research cruises 

between May 1-8 (Fig. 2) and August 8-21, 2015 (Fig. 3) where thousands of biological 

samples were collected and preserved. DEEPEND Research Cruise 1 had six sample 

sites, DEEPEND Research Cruise 2 had 14 sample sites, DEEPEND Research Cruise 3 

sampled nine stations, DEEPEND Research Cruise 4 sampled 13 stations, and 

DEEPEND Research Cruise 5 sampled eight stations (Figs. 2-6) (Sutton et al. 2015a, 

2015b, 2016, 2017). These cruises yielded thousands of samples, now stored at Florida 

Atlantic University’s Harbor Branch Oceanographic Institute (HBOI) in Fort Peirce, 

Florida, and at NOVA Southeastern University in Dania Beach, Florida. 
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Figure 1. SEAMAP/NRDA Station Grid. Black dots represent sampling stations 

established by the NOAA NRDA. The black star represents the initial site of the 

Deepwater Horizon oil spill (Sutton et al. 2015a). 
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Figure 2. Cruise track for DEEPEND Cruise 1, May 1-May 8, 2015, relative to 

SEAMAP/NRDA Station Grid. Black, dots represent sampling stations established by the 

NOAA NRDA. The black star represents the initial site of the Deepwater Horizon oil 

spill. Red arrows represent transit and yellow arrows represent the sampling track (Sutton 

et al. 2015a) 
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Figure 3. Cruise track of DEEPEND Cruise 2, August 8–August 21, 2015, relative to 

SEAMAP/NRDA Station Grid. Black dots represent sampling stations established by the 

NOAA NRDA. The black star represents the initial site of the Deepwater Horizon oil 

spill. Red arrows represent transit and yellow arrows represent the sampling track (Sutton 

et al. 2015b) 
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Figure 4. Cruise track of DEEPEND Cruise 3, April 30 – May 14, 2016, relative to 

SEAMAP/NRDA Station Grid. Black dots represent sampling stations established by the 

NOAA NRDA. The black star represents the initial site of the Deepwater Horizon oil 

spill. Red arrows represent transit and yellow arrows represent the sampling track (Sutton 

et al. 2015b). 
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Figure 5. Cruise track of DEEPEND Cruise 4, August 5 – August 19, 2016, relative to 

SEAMAP/NRDA Station Grid. Black dots represent sampling stations established by the 

NOAA NRDA. The black star represents the initial site of the Deepwater Horizon oil 

spill. Red arrows represent transit and yellow arrows represent the sampling track (Sutton 

et al. 2015b). 
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Figure 6. Cruise track of DEEPEND Cruise 5, May 1 – May 12, 2017 relative to 

SEAMAP/NRDA Station Grid. Black dots represent sampling stations established by the 

NOAA NRDA. The black star represents the initial site of the Deepwater Horizon oil 

spill. Red arrows represent transit and yellow arrows represent the sampling track (Sutton 

et al. 2015b). 

Sampling and Sampling Process: 

The series of four ONSAP cruises conducted by the NOAA NRDA in 2010 and 

2011 via the R/V Pisces used a modified Irish herring trawl and carried out 170 net sets. 

These cruises were typically broken up into four 2-week long segments so that the ship 

could refuel, resupply, and switch out crewmembers. Because the mouth of the modified 

Irish herring trawl is always open and constantly sampling, this restricted the sampling of 

discrete depths to “shallow” (0-700 m) versus “deep” (0-1500 m) regimes. These depths 

were sampled twice per day, the shallow and deep tows around solar noon and the 

shallow and deep tows around solar midnight. This was done with the assumption that the 

organisms not found in the shallow trawl but found at the deeper depths were then 

typically associated with depths below 700 m. Comparisons of captures during day 
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versus night provided information on those species that vertically migrate to shallower 

water at night. 

 The 2011 series of three NOAA NRDA ONSAP cruises were conducted by the 

M/V Meg Skansi with 36, 45, and 46 sample sites each using a 10 m
2
 Multiple 

Opening/Closing Net and Environmental Sensing System (MOCNESS), with 6 nets on 

the frame allowing for sampling at more discrete depths and the ability to calculate the 

volume of water flowing through the nets using a flow-meter (see Wiebe et al. 1985; 

Sutton et al. 2010 for detailed description of unit). The MOCNESS allows researchers to 

sample from specific depths; each net made up of 3 mm-wide mesh with a removable 

PVC cod end (Fig. 7). MOCNESS sampling occurred at the depths described in Table 1 

and followed the sampling scheme featured in Fig. 8. Those cruises represent the samples 

collected in 2011, the year following the DWH oil spill. Between the R/V Pisces and M/V 

Meg Skansi over 1580 net trawls were performed over the course of 235 days at sea. The 

samples from these two series of cruises give access to thousands of collected biological 

samples and provide a baseline for comparison in this study. 

Sampling for DEEPEND Research Cruises occurred onboard the R/V Point Sur 

using a variety of methods including; a 10 m
2
 MOCNESS (Fig. 7) and a Conductivity-

Temperature-Depth (CTD) rosette (Fig. 9). The CTD contains twelve 12 L Niskin bottles 

and is dropped to discrete depths where water samples are taken using multiple Niskin 

bottles (Fig. 9). Additional water samples are taken using the R/V Point Sur’s flow-

through system where the intake lies 3 m beneath the surface. Water samples are 

analyzed for temperature, salinity, conductivity, chlorophyll fluorescence, depth, and 

dissolved oxygen content. Using CTD data, satellite imagery, and HYCOM modeling 
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(HYCOM 2016), each station of the DEEPEND Cruises were characterized as one of 

three water masses; Common Water (CW), Intermediate Water (IW), and as an 

Anticyclonic Region (AR). Each station’s associated water mass at the time of sampling 

was determined by using a combination of the environmental data collected from the 

MOCNESS as well as the CTD casts (R. Milligan pers. comm. 2016). The variables used 

to determine water masses include; chlorophyll a concentration, salinity, and temperature 

(R. Milligan pers. comm. 2016). The most important factor in determining water mass 

was average temperature collected from the MOCNESS and CTD casts at a depth range 

of 200-600 m (R. Milligan pers. comm. 2016). With warmer water masses with a 

minimum average temperature of 13.8 C being assigned AR water masses, temperatures 

from 13.2–12.41 C being associated with INT water masses, and temperatures cooler 

than 10.98 C associated with CW water masses (R. Milligan pers. comm. 2016).  

The methods used by the MOCNESS are identical to those conducted by the 

NOAA ONSAP cruises of 2011. The R/V Point Sur has thus far collected and processed 

594 cod-end samples from the six-net MOCNESS frame, over the course of 99 tows, 

conducted over the five cruise series (J. Moore pers. comm. 2016). Although this dataset 

represents one of the most robust of its kind, not all will be quantitatively viable 

depending on the success of each trawl at the time of deployment and retrieval (J. Moore 

pers. comm. 2016).  

Each sample station was sampled twice, once at solar noon (1000 h to 1600 h) and 

again at midnight (2200 h to 0400 h) to account for the diel vertical migration of marine 

species. Collected fish samples were identified to species (or lowest possible taxonomic 

level) and fixed in formalin for later study. These samples are currently housed in Dr. Jon 
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Moore’s Lab at Harbor Branch Oceanographic Institute (HBOI) in Fort Pierce, Florida as 

well as Dr. Tracey Sutton’s lab at NOVA Southeastern University in Dania Beach, 

Florida. All samples were examined for species richness, identification, length, weight, 

geographic location, depth range, and abundance. Oceanographic conditions at the time 

of each sample collection will also be recorded and analyzed via the CTD.  

 

Table 1. Sampling depths for each specific net of the MOCNESS apparatus for the 

DEEPEND and NOAA ONSAP Research Cruises (Sutton et al. 2015a). 

Net Number Depth Sampled (meters) 

0 0-1500 

1 1500-1200 

2 1200-1000 

3 1000-600 

4 600-200 

5 200-0 
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Figure 7. A fully deployed 10 m
2
 MOCNESS unit (MOCNESS Apparatus [Digital 

image] Retrieved from http://www.gma.org/onlocation/mocness.html). 

 

 

Figure 8. The MOCNESS sampling depth scheme for DEEPEND Research Cruises 

(Sutton et al. 2015a). 
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Figure 9. The CTD aboard the R/V Point Sur with rosette configuration for water samples 

(Sutton et al. 2015a). 

Laboratory Procedures and Taxonomic Identification: 

After biological specimens were fixed in formalin, they were placed in a 75% 

Ethanol solution and labeled with the time of capture, site of capture, lowest taxonomic 

identification possible while in the field, lead scientist at the time, and net number. These 

specimens were then examined in a lab setting to either confirm the identification made 

while out at sea, or to further increase the specificity of the identification. To confirm the 

final taxonomic identification of specimens, several reference materials were used; 

Percoidei: Development and Relationships (Johnson 1984), Serranidae: Development and 

Relationships (Kendall 1984), “The Living Marine Resources of the Western Central 

Atlantic” Volumes 2 & 3 (FAO 2003), “Early Stages of Atlantic Fishes: An Identification 

Guide for the Western Central North Atlantic” Volumes 1 & 2 (Richards 2005), “Fishes 

of the World” 5
th

 Edition (Nelson et al. 2016).  
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After confirming the identification of a specimen, the post-ethanol weight was 

taken along with the standard length (from snout to the final scales of the caudal 

peduncle) of a maximum of 25 individuals per species per sample and submitted to the 

Gulf of Mexico Research Initiative Information and Data Cooperative (GRIIDC) 

database. The GRIIDC is comprehensive database established by the Gulf of Mexico 

Research Initiative (GOMRI), which contains the biological and oceanographic data 

collected during the DEEPEND research cruises. This database will be updated as 

samples are examined and will provide researchers from other organizations with open 

access to the data being collected. This data can be used to help further the projects of 

other researchers and promote an openness and collaborative environment for future 

scientific inquiry regarding the GoM. 

 

Statistical and Data Analyses: 

Using the archived oceanographic and biological data from the original NOAA 

ONSAP cruises of 2011, the DEEPEND cruises from 2015, 2016, and 2017 we will be 

able to confirm or reject the previously stated hypotheses.  

 H1: There is a seasonal and diel difference in the abundance, standard length, 

species richness, and composition of larval and juvenile assemblages of species 

within and between the families Lutjanidae and Serranidae. 

 

The findings of the R/V Pisces are not directly comparable to those of the 

DEEPEND and M/V Meg Skansi cruise series as a result of differing sampling methods. 

These samples were therefore analyzed separately using a series of ANOVA’s to identify 
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seasonal and diel changes in standard densities and lengths between and within the two 

families.  

A lack of sufficient sample sizes restricted the analyses that were conducted for 

the M/V Meg Skansi and the DEEPEND cruise series. As a result of these smaller sample 

sizes, the DEEPEND and M/V Meg Skansi cruise series were combined in order to gain 

suitable sample sizes for statistical analyses. ANOVA’s were conducted to examine 

differences in standard densities and lengths within the larval fish assemblages of 

families Lutjanidae and Serranidae, both seasonally and daily, between the MS and 

DEEPEND Cruises. Differences in species composition within the study area were also 

reported. Abundance was standardized as Standardized Density (SD), where SD is equal 

to the number of individuals of a species within each sample divided by the volume of 

water sampled by the MOCNESS apparatus and then multiplied by 1,000,000. The 

resulting number is read as the number of individuals per 1,000,000 m
3
 of seawater 

sampled. ANOVA’s were also conducted to identify size differences that may occur 

seasonally and daily within the most abundant taxa of the families Lutjanidae and 

Serranidae.   

 H2: There is a difference with regard to abundance, species richness, standard 

length, and composition between the larval and juvenile assemblages of families 

Lutjanidae and Serranidae when inside the LC or an eddy versus outside these 

hydrographic features during the DEEPEND cruise series. 

 

The DEEPEND research cruise series was the only one investigated for changes 

in the population dynamics of these families in comparison to the different water masses 
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of the GoM. This was because the DEEPEND research cruise series specifically sampled 

across multiple oceanic fronts and water masses allowing for a potential comparison of 

population dynamics between them. However, a lack of sample size prevented ANOVA’s 

from being conducted to examine differences in abundance within the larval fish 

assemblages of families Lutjanidae and Serranidae, between the predefined water masses 

(AR, CW, and IW). Differences in species composition between the water masses were 

reported as a result.  

 H3: There is a difference in the abundance, species richness, standard length, and 

composition of larval and juvenile assemblages of families Lutjanidae and 

Serranidae between the M/V Meg Skansi cruise series and those of DEEPEND. 

 

A lack of sufficient sample sizes restricted the analyses that were conducted 

between the M/V Meg Skansi and the DEEPEND cruise series in order to create a 

sufficient yearly time series. However, a series of ANOVA’s were conducted to examine 

differences in standard densities within the larval fish assemblages of families Lutjanidae 

and Serranidae between the MS and DEEPEND Cruises, as well as for the spring and 

summer seasons of each cruise. Differences in species composition between cruises were 

reported. ANOVA’s were also be conducted to identify size differences between the two 

cruise series as well as seasonal differences that may be evident between the spring of 

2011 and the spring sampled by DEEPEND. 
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Chapter Three: Results 

R/V Pisces: 

A total of 4,127 and 54 individuals for families Lutjanidae and Serranidae, 

respectively, were collected using the Irish Herring Trawls from the R/V Pisces during 

the 2011 NOAA NRDA (Table 2, 3). The faunal composition of family Serranidae for the 

R/V Pisces was made up of: Baldwinella aureorubens, Anthias sp., Anthias nicholsi, 

Hemanthias sp., and Cephalopholis cruentata (Table 2). The faunal composition of 

family Lutjanidae was made up of: Lutjanus analis, Lutjanus mahogani, Lutjanus 

campechanus, Lutjanus sp., Etelis oculatus, Etelis sp., Pristipomoide aquilonaris, 

Pristipomoides macrophthalmus, and Pristipomoides sp (Table 3). Those individuals who 

could not be identified to the species or genus level were identified to the family or 

subfamily level. The number of individuals per sample for family Lutjanidae by the 

species level ranged anywhere in size from 1-544 individuals per sample tow. The 

number of individuals per sample for family Serranidae ranged from 1-20 individuals. 
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Table 2. Faunal composition and abundance of family Serranidae from the R/V Pisces 

and the IH Trawl sampling gear. “X” indicates a lack of common name for that organism. 

Faunal Composition Common Name Counts 

Anthias sp. X 3 

Anthias nicholsi Yellowfin Bass 13 

Anthiinae X 21 

Baldwinella aureorubens Streamer Bass 11 

Cephalopholis cruentata Graysby 2 

Epinephilinae X 2 

Hemanthias sp. X 2 

Serranidae Groupers 2 

Serraninae X 2 

 

Table 3. Faunal composition and abundance of family Lutjanidae from the R/V Pisces 

and the IH Trawl sampling gear. “X” indicates a lack of common name for that organism. 

Faunal Composition Common Name Counts 

Etelinae X 8 

Etelis sp. X 1 

Etelis oculatus Queen Snapper 33 

Lutjanidae Snappers 179 

Lutjanus analis Mutton Snapper 1 

Lutjanus campechanus Red Snapper 11 

Lutjanus mahogani Mahogany Snapper 1 

Lutjanus sp. Snapper 1 

Pristipomoides aquilonaris Wenchman 39 

Pristipomoides macrophthalmus Cardinal Snapper 11 

Pristipomoides sp. X 3,837 

Rhomboplites aurorubens Vermillion Snapper 5 

 

The R/V Pisces cruise series was the most effective at catching members of family 

Lutjanidae and the least effective at capturing members of family Serranidae of any other 

cruise. The densities of family Serranidae were the lowest of any other cruise series (Fig. 

10). Family Lutjanidae reported an overall density of 1834.53x10
-6

m
-3

 while family 

Serranidae had a much lower density of 62.26x10
-6

m
-3

 (Fig. 10). Overall standard 

densities were low for every identified genus and species, except for the genus 

Pristipomoides (Fig 11). The two densest species within family Serranidae were 
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Baldwinella aureorubens and Anthias nicholsi at 23.88x10
-6

m
-3

 and 10.47 x10
-6

m
-3

, 

respectively (Fig. 11). The two densest taxonomic groups within family Lutjanidae were 

Etelis oculatus and the genus Pristipomoides at 22.95x10
-6

m
-3

 and 1688.67x10
-6

m
-3

 

respectively (Fig. 11). Approximately 94% of the total standard density from the R/V 

Pisces was made up of five taxonomic groups including subfamilies Anthiinae and 

Epinephilinae of family Serranidae, and the genera Lutjanus, Etelis, and Pristipomoides 

of family Lutjanidae (Fig. 12). Approximately 95% of this total is attributed to the genus 

Pristipomoides (1688.67x10
-6

m
-3

), with the remaining 5% split relatively evenly amongst 

the other groups (Fig. 12). Subfamily Anthiinae represented the next highest density at 

60.58x10
-6

m
-3

 (Fig. 12).  

 

 

Figure 10. Standard Density of families Lutjanidae and Serranidae for the R/V Pisces. 
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Figure 11. The faunal composition and associated densities (No.x10
-6

m
-3

) of the R/V 

Pisces. Note** Due to a malfunction with the flowmeter the no standardized density was 

collected for the genus Hemanthias, it is included in this figure to illustrate the full 

species richness of this cruise series. The genus Pristipomoides was not included in this 

figure as its standardized density overshadows that of every other species (1688.67x10
-

6
m

-3
). 
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Figure 12. The five highest standardized densities from the R/V Pisces. This includes 

subfamilies Anthiinae and Epinephilinae of family Serranidae as well as the genera 

Lutjanus, Pristipomoides, and Etelis. The remaining values for standardized density not 

shown on this figure are as follows Epinephilinae = 1.68x10
-6

m
-3

, Lutjanus = 6.03x10
-6

m
-

3
, and Etelis = 23.3x10

-6
m

-3
. 

 The R/V Pisces was the only cruise series to sample across the fall, spring, 

summer, and winter seasons. The only species to be found in every season was 

Baldwinella aureorubens with its highest densities found to be in the summer season 

(Table 4). The highest biodiversity for family Serranidae was observed in the spring 

season with Anthias sp., Anthias nicholsi, Baldwinella aureorubens, and Hemanthias sp. 

all being observed (Table 4). Both biodiversity and densities were at their lowest during 

the winter season (Table 4). The highest densities for family Serranidae were observed 

during the summer season (Table 4). Biodiversity and density was at its highest for 

family Lutjanidae during the fall season where Etelis oculatus, Etelis sp. Lutjanus analis, 

Lutjanus campechanus, Lutjanus mahogani, Pristipomoides aquilonaris, Pristipomoides 

macrophthalmus, Pristipomoides sp., and Rhomboplites aurorubens were all observed in 

high densities (Table 4). No members of family Lutjanidae were observed during the 
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spring season and the winter season only observed the genus Pristipomoides, but at its 

lowest recorded density of 1.37x10
-6

m
-3

 (Table 4). 

Table 4. Faunal composition and standardized density (No.x10
-6

m
-3

) measurements of 

families Serranidae and Lutjanidae across the fall, spring, summer, and winter seasons 

from the R/V Pisces Cruises. “X” indicates absence of that species. “O” represents the 

presence of a species but because of some malfunction during sampling, the standard 

density was not calculated. 

 Fall Spring Summer Winter 

Serranidae  

Anthias sp. X 0.49 X X 

Anthias nicholsi X O 10.47 X 

Baldwinella aureorubens 2.10 0.46 20.88 0.44 

Cephalopholis cruentata 1.35 X X X 

Hemanthias sp. X O X X 

Lutjanidae  

Etelis oculatus 22.95 X X X 

Etelis sp. 0.35 X X X 

Lutjanus analis 0.34 X X X 

Lutjanus campechanus 4.68 X X X 

Lutjanus mahogani 0.35 X X X 

Lutjanus sp. X X 0.66 X 

Pristipomoides aquilonaris 14.06 X X X 

Pristipomoides macrophthalmus 7.82 X X X 

Pristipomoides sp. 1544.48 X 120.96 1.37 

Rhomboplites aurorubens 2.12 X O X 

A total of 1,422 standard lengths of lutjanids and serranids were measured from 

the R/V Pisces catches over the course of its deployment. Of those 1,422 lengths, 1,323 

were from the genus Pristipomoides (including Pristipomoides aquilonaris, and 

Pristipomoides macrophthalmus) (Fig. 13). In comparison, the M/V Meg Skansi and the 

DEEPEND cruises measured 180 and 64 assorted standard lengths from both families, 

respectively. As a result, analyses regarding standard lengths of the genus Pristipomoides 

from the latter two cruise series were conducted separately from those collected during 

the R/V Pisces cruises. The lengths of the genus Pristipomoides aboard the R/V Pisces 
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ranged from 14-47 mm (Fig. 13). This range represented the widest size range of any 

other cruise series, with the M/V Meg Skansi lengths ranging from 5-31 mm, and the 

DEEPEND cruise series ranging from 19-26 mm (Fig. 13). The R/V Pisces standard 

length distribution did not observe any individuals smaller than 14 mm which were 

exclusively observed by the cruise series of the M/V Meg Skansi (Fig 13). As a result, 

these smaller lengths were not taken into account during analyses as the sampling gear 

differed between the two ships.  

 The R/V Pisces collected standard lengths from the family Serranidae which 

ranged from one individual to a maximum of 11 per species, the latter specifically for 

Baldwinella aureorubens (Table 5). The range of standard lengths for these individuals 

ranged from 10-19 mm, the extremes of which were both represented by Baldwinella 

aureorubens (Table 5). The genus Hemanthias had the highest mean standard length of 

any serranid of this cruise series while Cephalopholis cruentata represented the smallest 

mean standard length at 14.5 mm (Table 5). The number of standard lengths from family 

Lutjanidae ranged from one standard length to a maximum of 1,273, specifically for the 

unidentified members of genus Pristipomoides (Table 5). The standard lengths for these 

individuals ranged from 12-47 mm, the extremes of which were represented by an 

unidentified lutjanid on the lower end and the genus Pristipomoides for the high end of 

the range (Table 5). The species Pristipomoides aquilonaris had the highest mean 

standard length of any lutjanid of this cruise series at 38.95 mm while Lutjanus mahogani 

represented the smallest mean standard length at 13 mm (Table 5). 
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Figure 13. The Standard Length (mm) distribution of the genus Pristipomoides by cruise 

series (R/V Pisces, M/V Meg Skansi, and DEEPEND). This distribution includes 

Pristipomoides aquilonaris, and Pristipomoides macrophthalmus. 
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Table 5. Number of measured individuals (n) per lowest taxonomic identification, their 

size ranges, and the mean standard length (SL) for the R/V Pisces. 

 R/V Pisces 

 n Min SL 

(mm) 

Max SL (mm) Mean SL 

(mm) 

Serranidae  

Anthiinae 1 15 15 15 

Anthias sp. 3 14 20 17.66 

Anthias nicholsi 13 11 26 16.15 

Baldwinella aureorubens 11 10 29 21.18 

Cephalopholis cruentata 2 13 16 14.5 

Epinephelinae 2 17 19 18 

Hemanthias sp. 2 20 23 21.5 

Lutjanidae  

Etelinae UnID 7 19 22 21.29 

Etelis sp. 1 28 28 28 

Etelis oculatus 29 15 35 20.59 

Lutjanidae UnID 9 12 33 19.56 

Lutjanidae  

Lutjanus sp. 1 17 17 17 

Lutjanus analis 1 37 37 37 

Lutjanus campechanus 11 13 27 19.64 

Lutjanus mahogoni 1 13 13 13 

Pristipomoides sp. 1,273 14 47 29.44 

Pristipomoides aquilonaris 39 28 45 38.95 

Pristipomoides 

macrophthalmus 

11 35 45 38.64 

Rhomboplites aurorubens 5 25 29 26.6 

A One-Way ANOVA was conducted to analyze the standardized density of 

lutjanids found between the shallow (0-700 m) and deep (0-1500 m) depths sampled by 

the R/V Pisces. The shallow samples had an n of 51 and deep samples had an n of 65, 

each averaging 28.01x10
-6

m
-3

 and 6.18x10
-6

m
-3

 respectively. The associated P value for 

this One-Way ANOVA was 0.0070 and therefore, there was a significant difference in 

the standardized density of lutjanids when sampled at deeper depths versus shallower 
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depths, with higher densities of lutjanids found at shallower depths (See Appendix: 

Figure A-1). 

A One-Way ANOVA was conducted to analyze the standardized density of 

lutjanids found during the summer and fall seasons as sampled by the R/V Pisces. The 

summer samples had an n of 41 and fall samples had an n of 78, each averaging 2.97x10
-

6
m

-3
 and 21.94x10

-6
m

-3
 respectively. The associated P value for this One-Way ANOVA 

was 0.0221 and therefore, there was a significant difference in the standardized density of 

lutjanids between the summer and fall seasons, with higher standardized densities of 

lutjanids found during the fall (See Appendix: Figure A-2). 

A One-Way ANOVA was conducted to analyze the standardized density of 

lutjanids found between sampling conducted during the day (solar noon) and at night 

(solar midnight) by the R/V Pisces. Night samples had an n of 64 while day samples had 

an n of 56, each averaging a standardized density of 11.00x10
-6

m
-3

 and 20.18x10
-6

m
-3

 

respectively. The associated P value for this One-Way ANOVA was 0.2453 and 

therefore, there was not a significant difference in the standardized density of lutjanids 

when sampled during solar noon and solar midnight (See Appendix: Figure A-3). 

A One-Way ANOVA was conducted to analyze the differences in the standard 

lengths collected of the genus Pristipomoides as compared to day versus night. These 

lengths were collected aboard the R/V Pisces. The lengths associated with the day had an 

n of 636 while lengths associated with night had an n of 687, each averaging of 30.18 

mm and 29.45 mm respectively. The associated P value for this One-Way ANOVA was 

0.0553 and therefore, there was not a significant difference in the standard length of the 



50 

genus Pristipomoides that were caught during the day as compared to those caught at 

night (See Appendix: Figure A-4). 

A One-Way ANOVA was conducted to analyze the differences in the standard 

lengths collected of the genus Pristipomoides as compared to the fall and summer 

seasons. These lengths were collected aboard the R/V Pisces. The lengths associated with 

the fall had an n of 967 while lengths associated with summer had an n of 353, each 

averaging of 30.25 mm and 28.52 mm respectively. The associated P value for this One-

Way ANOVA was smaller than 0.0001 showing a highly significant difference in the 

standard length of the genus Pristipomoides between the summer and fall seasons, with 

larger individuals predominantly being found in the fall (See Appendix: Figure A-5). 

 

M/V Meg Skansi: 

A total of 111 and 74 individuals for families Serranidae and Lutjanidae, 

respectively, were collected using the MOCNESS from the M/V Meg Skansi during the 

2011 NOAA NRDA (Table 6, 7). The faunal composition of family Serranidae was made 

up by: Anthias nicholsi, Anthias tenuis, Anthias woodsi, Anthias sp., Bathyanthias 

mexicanus, Centropristis striata, Cephalopholis cruentata, Baldwinella aureorubens, 

Hemanthias leptus, Hemanthias sp., Baldwinella vivanus, Baldwinella aureorubens, 

Epinephelus itajara, Epinephelus striatus, Hyporthodus mystacinus, Hyporthodus 

flavolimbatus, Hyporthodus nigritus, Hyporthodus niveatus, Liopropoma olneyi, 

Liopropoma sp., Mycteroperca sp., Pronotogrammus martinicensis, Pseudogramma 

gregoryi, and Serranus sp. (Table 6). The faunal composition of family Lutjanidae for the 

M/V Meg Skansi cruises was made up of Lutjanus campechanus, Lutjanus griseus, 
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Lutjanus mahogani, Lutjanus synagris, Lutjanus analis, Lutjanus sp., Ocyurus chrysurus, 

Rhomboplites aurorubens, Pristipomoides freemani, and Pristipomoides sp. (Table 7). 

Those individuals who could not be identified to the species or genus level were 

identified to the family or subfamily level. Sample sizes for family Lutjanidae by the 

species level ranged anywhere in size from 1-4 individuals per tow. Sample sizes for 

family Serranidae by the species level ranged anywhere from 1-9 individuals per tow. 

Table 6. Faunal composition and abundance of family Serranidae from the M/V Meg 

Skansi and the MOCNESS sampling gear. “X” indicates a lack of common name for that 

organism. 

Genus Species Common Name Counts 

Anthias sp. X 1 

Anthias nicholsi Yellowfin Bass 12 

Anthias tenuis Threadnose Bass 12 

Anthias woodsi Swallowtail Bass 3 

Baldwinella aureorubens Streamer Bass 11 

Baldwinella vivanus Red Barbier 5 

Bathyanthias mexicanus Yellowtail Bass 9 

Centropristis striata Black Sea Bass 1 

Cephalopholis cruentata Graysby 3 

Epinephilinae X 1 

Epinephelus itajara Goliath Grouper 2 

Epinephelus striatus Nassau Grouper 1 

Hemanthias leptus Longtail Bass 1 

Hemanthias sp. X 3 

Hyporthodus flavolimbatus Yellow-edge Grouper 4 

Hyporthodus mystacinus Black grouper 2 

Hyporthodus nigritus Warsaw Grouper 1 

Hyporthodus niveatus Snowy Grouper 1 

Liopropoma olneyi Yellow-Spotted Golden Bass 2 

Liopropoma sp. X 12 

Mycteroperca Groupers 3 

Pronotogrammus martinicensis Roughtongue Bass 3 

Pseudogramma gregoryi Reef Bass 1 

Serranidae Groupers 3 

Serranus sp. Atlantic Dwarf Sea Basses 3 
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Table 7. Faunal composition and abundance of family Lutjanidae from the M/V Meg 

Skansi and the MOCNESS sampling gear. 

Genus Species Common Name Counts 

Lutjanidae Snappers 2 

Lutjanus analis Mutton Snapper 1 

Lutjanus campechanus Red Snapper 18 

Lutjanus griseus Grey Snapper 6 

Lutjanus mahogoni Mahogany Snapper 2 

Lutjanus synagris Lane Snapper 1 

Lutjanus sp. Snapper 6 

Ocyurus chrysurus Yellow-tail Snapper 1 

Pristipomoides freemani Slender Wenchman 1 

Pristipomoides sp. Wenchman 33 

Rhomboplites aurorubens Vermillion Snapper 3 

The M/V Meg Skansi cruise series was the most effective at catching members of 

family Serranidae and relatively effective at capturing members of family Lutjanidae in 

comparison to the DEEPEND Cruises. The densities of both family Serranidae and 

Lutjanidae were the highest of any other cruise series (Fig. 14). Family Lutjanidae 

reported an overall density of 2771.16x10
-6

m
-3

 while family Serranidae had a much 

higher density of 4017.21x10
-6

m
-3

 (Fig. 14). The three highest density serranids collected 

during the M/V Meg Skansi cruise series were Liopropoma sp., Anthias nicholsi, and 

Bathyanthias mexicanus at 475.67x10
-6

m
-3

, 433.50x10
-6

m
-3

, and 332.63x10
-6

m
-3 

respectively (Fig. 15). The three highest density Lutjanids collected during the M/V Meg 

Skansi cruise series were Pristipomoides sp., Lutjanus campechanus, and Lutjanus 

griseus at 1196.08x10
-6

m
-3

, 740.08x10
-6

m
-3

, and 204.42x10
-6

m
-3 

respectively (Fig. 16). 

Approximately 96% of the total standard density from the M/V Meg Skansi was made up 

of six taxonomic groups which included; subfamilies Anthiinae, Liopropomatinae, 

Serraninae, and Epinephilinae of family Serranidae and the genera Lutjanus and 

Pristipomoides of family Lutjanidae (Fig. 17). Approximately 61% of this total is 
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attributed to the Family Serranidae with the remaining 29% split relatively evenly 

between the genera Pristipomoides and Lutjanus (Fig. 17). 

 

Figure 14. Standard Density of families Lutjanidae and Serranidae for the M/V Meg 

Skansi. 

 

Figure 15. The faunal composition and associated densities of family Serranidae aboard 

the M/V Meg Skansi. 
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Figure 16. The faunal composition and associated densities of family Lutjanidae aboard 

the M/V Meg Skansi. 

 

Figure 17. The six highest standardized densities from the R/V Pisces. This includes 

subfamilies Anthiinae, Liopropomatinae, Serraninae, and Epinephilinae of family 

Serranidae as well as the genera Lutjanus and Pristipomoides. 

The M/V Meg Skansi sampled across the winter, spring, and summer seasons. The 

only species to be found in every season was Baldwinella vivanus and the genus Serranus 

with highest densities for both found to be in the summer season (Table 8). The highest 
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biodiversity and densities for family Serranidae were observed in the summer season with 

Baldwinella aureorubens, Baldwinella vivanus, Bathyanthias mexicanus, Centropristis 

striata, Cephalopholis cruentata, Epinephelus itajara, Epinephelus striatus, Hemanthias 

leptus, Hyporthodus mystacinus, Hyporthodus niveatus, Liopropoma sp., Mycteroperca 

sp., Pseudogramma gregoryi, and the genus Serranus (Table 8). Biodiversity and density 

dropped dramatically in the winter season for family Serranidae (Table 8). Biodiversity 

and density was at its highest for family Lutjanidae during the summer season where 

Lutjanus analis, Lutjanus campechanus, Lutjanus griseus, Lutjanus mahogany, Lutjanus 

synagris, Ocyurus chrysurus, Pristipomoides freemani, Pristipomoides sp., and 

Rhomboplites aurorubens were all present (Table 8). No members of family Lutjanidae 

were observed during the winter season (Table 8). 
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Table 8. Faunal composition and standardized density (No.x10
-6

m
-3

) measurements of 

families Serranidae and Lutjanidae across the spring, summer and winter seasons from 

the M/V Meg Skansi Cruises. X indicates absence of that species. 

 Spring Summer Winter 

Serranidae  

Anthias sp. 43.66 X X 

Anthias nicholsi 205.81 X 227.69 

Anthias tenuis 235.60 X 32.95 

Anthias woodsi 114.56 X X 

Baldwinella aureorubens 105.48 181.13 X 

Baldwinella vivanus 49.89 94.12 62.82 

Bathyanthias mexicanus X 332.63 X 

Centropristis striata X 38.05 X 

Cephalopholis cruentata X 149.02 X 

Epinephelus itajara X 97.52 X 

Epinephelus striatus X 46.37 X 

Hemanthias sp. 110.37 X X 

Hemanthias leptus X 46.53 X 

Hyporthodus mystacinus X 90.76 X 

Hyporthodus nigritus X X 34.80 

Hyporthodus niveatus X 47.53 X 

Liopropoma olneyi 87.01 X X 

Liopropoma sp. 35.03 440.64 X 

Mycteroperca sp. X 149.24 X 

Pronotogrammus martinicensis 74.88 X 34.80 

Pseudogramma gregoryi X 18.86 X 

Serranus sp. 37.55 60.37 21.29 

Lutjanidae  

Lutjanus analis X 49.75 X 

Lutjanus campechanus 24.99 715.10 X 

Lutjanus griseus X 204.42 X 

Lutjanus mahogani X 138.51 X 

Lutjanus sp. 110.05 X X 

Lutjanus synagris X 37.16 X 

Ocyurus chrysurus X 54.60 X 

Pristipomoides freemani X 45.37 X 

Pristipomoides sp. 289.07 907.01 X 

Rhomboplites aurorubens X 124.77 X 
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The lengths of the family Serranidae aboard the M/V Meg Skansi ranged from 4-

20 mm with higher numbers of small individuals (4-13 mm) in comparison to the other 

cruise series (Fig. 18). The R/V Pisces length distribution ranged from 11-26 mm while 

the DEEPEND length distribution ranged from 7-26 mm (Fig. 18). This represented the 

widest size range of any other cruise series although the number of standard lengths was 

lower than that of the M/V Meg Skansi. The peak number of standard lengths for the R/V 

Pisces and DEEPEND cruise series occurs at 15 mm whereas this peak occurs at 11mm 

for the M/V Meg Skansi (Fig. 18). Between all the cruise series it seemed that members of 

the subfamily Anthiinae had the widest range of lengths as compared to the other three 

subfamilies and in the highest numbers (Fig. 19). Members of the subfamily 

Epinephilinae ranged in size from 4-19 mm among the three cruise series while members 

of subfamily Liopropomatinae encompassed a very similar range from 4-20 mm (Fig. 

19). 
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Figure 18. The Standard Length (mm) distribution of the family Serranidae by cruise 

series (R/V Pisces, M/V Meg Skansi, and DEEPEND). 
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Figure 19. The Standard Length (mm) distribution of family Serranidae by subfamily 

(Anthiinae, Epinephilinae, Liopropomatinae, and Serraninae) among all cruise series. 

The lengths of the genus Lutjanus aboard the M/V Meg Skansi ranged from 4-18 

mm with higher numbers of small individuals (4-11 mm) in comparison to the other 

cruise series (Fig. 20). The DEEPEND length distribution ranged from 12-18 mm while 

R/V Pisces length distribution ranged from 11-26 mm (Fig. 20). This represented the 

widest size range of any other cruise series for the genus Lutjanus although the number of 

standard lengths was lower than that of the M/V Meg Skansi (Fig. 20). Between all the 

cruise series, the species Lutjanus campechanus had the second widest range compared to 

that of the genus Pristipomoides and made up most of the lengths collected for the genus 

Lutjanus (Fig. 21). The M/V Meg Skansi was once again responsible for the majority of 

the lengths from 4-12 mm for this species with the central range supplemented by 

DEEPEND and the larger sizes collected by the R/V Pisces (Fig. 21).  
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The M/V Meg Skansi collected standard lengths from the family Serranidae which 

ranged from one standard length to a maximum of 12 per species, specifically for Anthias 

nicholsi and A. tenuis (Table 9). The range of standard lengths for this family ranged 

from 4-23 mm, the extremes of which were represented by the genus Liopropoma at the 

small end and Baldwinella aureorubens at the larger size (Table 9). The genus 

Liopropoma had the highest mean standard length of any serranid of this cruise series at 

17.5 mm, while the genus Mycteroperca represented the smallest mean standard length at 

6mm (Table 9). The collected standard lengths from the family Lutjanidae ranged from 

one standard length to a maximum of 32, specifically for the genus Pristipomoides (Table 

9). These standard lengths ranged from 4-18 mm, the extremes of which were represented 

by Lutjanus campechanus at both the high and low ends (Table 9). Rhomboplites 

aurorubens had the highest mean standard length of any lutjanid of this cruise series at 

21.7 mm while Lutjanus analis and Ocyurus chrysurus represented the smallest mean 

standard length at 5 mm each (Table 9). 

 



61 

 

Figure 20. The Standard Length (mm) distribution of the genus Lutjanus by cruise series 

(R/V Pisces, M/V Meg Skansi, and DEEPEND). 
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Figure 21. The Standard Length (mm) distribution of Lutjanus campechanus (red 

snapper) by cruise series (R/V Pisces, M/V Meg Skansi, and DEEPEND). 
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Table 9. Number of measured individuals (n) per lowest taxonomic identification, their 

size ranges, and the mean standard length (SL) for the M/V Meg Skansi. 

 M/V Meg Skansi 

 n Min SL (mm) Max SL (mm) Mean SL 

(mm) 

Serranidae  

Anthiinae UnID 8 7 17 11.13 

Anthias sp. 1 8 8 8 

Anthias nicholsi 12 6 14 10.08 

Anthias tenuis 12 5 17 14.42 

Anthias woodsi 3 6 16 9.66 

Baldwinella aureorubens 11 5 23 10.36 

Baldwinella vivanus 5 5 9 7.2 

Bathyanthias mexicanus 9 5 16 13.11 

Centropristis striata 1 13 13 13 

Cephalopholis cruentata 3 7 12 9 

Epinephelinae UnID 1 11 11 11 

Epinephelus itajara 2 6 11 8.5 

Epinephelus striatus 1 11 11 11 

Hemanthias sp. 3 15 17 16 

Hemanthias leptus 1 7 7 7 

Hyporthodus flavolimbatus 4 6 11 9 

Hyporthodus mystacinus 1 6 6 6 

Hyporthodus nigritus 1 10 10 10 

Hyporthodus niveatus 1 7 7 7 

Liopropomatinae UnID 2 17 18 17.5 

Liopropoma sp. 11 4 20 10.55 

Liopropoma olneyi 2 15 16 15.5 

Mycteroperca sp. 2 4 8 6 

Pronotogrammus 

martinicensis 

3 7 19 11.33 

Pseudogramma gregoryi 1 9 9 9 

Serranidae UnID 1 12 12 12 

Serranus sp. 2 11 16 13.5 

Lutjanidae  

Lutjanidae UnID 2 7 16 11.5 

Lutjanus sp. 6 7 16 11.5 

Lutjanus analis 1 5 5 5 

Lutjanus campechanus 18 4 18 9.06 

Lutjanus griseus 6 8 13 9.33 
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Table 9. continued 

Lutjanus mahogoni 2 7 8 7.5 

Lutjanus synagris 1 8 8 8 

Ocyurus chrysurus 1 5 5 5 

Pristipomoides sp. 32 5 31 12.64 

Pristipomoides freemani 1 26 26 26 

Rhomboplites aurorubens 3 21 22 21.66 

 

A One-Way ANOVA was conducted to analyze the standardized density of 

serranids found between sampling conducted during the day (solar noon) and night (solar 

midnight) by the M/V Meg Skansi. Night samples had an n of 54 while day samples had 

an n of 30, each averaging a standardized density of 46.44x10
-6

m
-3

 and 50.31x10
-6

m
-3

 

respectively. The associated P value for this One-Way ANOVA was 0.5742 and 

therefore, there was no significant difference in the standardized density of lutjanids 

when sampled during solar noon and solar midnight (See Appendix: Figure A-6). 

A One-Way ANOVA was conducted to analyze the standardized density of 

serranids found between sampling conducted during the summer and spring seasons by 

the M/V Meg Skansi. Spring samples had an n of 29 while day samples had an n of 45, 

each averaging a standardized density of 46.04x10
-6

m
-3

 and 50.39x10
-6

m
-3

 respectively. 

The associated P value for this One-Way ANOVA was 0.5595 and therefore, there was 

no significant difference in the standardized density of lutjanids when sampled during 

solar noon and solar midnight (See Appendix: Figure A-7). 

 

DEEPEND: 

A total of 40 and 30 individuals for families Serranidae and Lutjanidae 

respectively, were collected using the MOCNESS from the five DEEPEND Cruises from 
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2015-2017 (Table 10, 11). The faunal composition of family Serranidae contained 

Baldwinella vivanus, Baldwinella aureorubens, Anthias sp., Anthias woodsi, Anthias 

nicholsi, Serranus sp., and Liopropoma sp. (Table 10). The faunal composition of family 

Lutjanidae for the DEEPEND cruises contained Lutjanus sp., Lutjanus campechanus, and 

Pristipomoides sp. (Table 11). Those individuals who could not be identified to the 

species or genus level were identified to the family or subfamily level. Sample sizes for 

family Lutjanidae by the species level ranged anywhere in size from 1-7 individuals per 

sample. Sample sizes for family Serranidae by the species level ranged anywhere from 1-

11 individuals.  

The DEEPEND cruise series was the only sampling framework where water 

masses were assigned to each sample. Although DEEPEND sampled across many fronts 

across different water masses, all but two samples/individuals were assigned to the water 

mass known as Common Water. These two samples were assigned to an Intermediate 

Water Mass. The samples included one unidentified lutjanid identified to the family level 

caught using the MOCNESS equipment, and an unidentified serranid identified to the 

family level which was caught in a neuston net. The individual caught in the neuston net 

was discarded from all other analyses as the sampling gear did not match that of the 

established sampling protocol. 
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Table 10. Faunal composition and abundance of family Serranidae from the DEEPEND 

Research Cruises and the MOCNESS sampling gear. 

Genus Species Common Name Counts 

Anthias sp. X 4 

Anthias nicholsi Yellowfin Bass 3 

Anthias woodsi Swallowtail Bass 1 

Anthiinae X 17 

Baldwinella aureorubens Streamer Bass 12 

Baldwinella vivanus Red Barbier 2 

Liopropoma sp. X 1 

Plectranthias garrupellus Apricot Bass 3 

Serranidae Groupers 2 

Serranus sp. Atlantic Dwarf Sea Basses 2 

 

Table 11. Faunal composition and abundance of family Lutjanidae from the DEEPEND 

Research Cruises and the MOCNESS sampling gear. 

Genus Species Common Name Counts 

Lutjanidae Snappers 2 

Lutjanus campechanus Red Snapper 5 

Lutjanus sp. Snapper 1 

Pristipomoides sp. Wenchman 15 

The DEEPEND cruise series was the more effective at catching members of 

family Serranidae and relatively ineffective at capturing members of family Lutjanidae in 

comparison to the other vessels. The densities of family Lutjanidae were the lowest of 

any other cruise series (Fig. 22). Family Lutjanidae reported an overall density of 

761.41x10
-6

m
-3

 while family Serranidae had a much higher density of 1259.96x10
-6

m
-3

 

(Fig. 22). The three highest density serranids collected by DEEPEND were Baldwinella 

aureorubens, Anthias sp., and Plectranthias garrupellus, at 266.71x10
-6

m
-3

, 433.50x10
-

6
m

-3
, and 101.23x10

-6
m

-3 
respectively (Fig. 23). The two highest density Lutjanids 

collected by DEEPEND were Pristipomoides sp. and Lutjanus campechanus, at 

469.44x10
-6

m
-3

 and 161.70x10
-6

m
-3

, respectively (Fig. 23). Approximately 94% of the 

total standard density from DEEPEND was made up of five taxonomic groups including 
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subfamilies Anthiinae, Liopropomatinae, and Serraninae of family Serranidae and the 

genera Lutjanus and Pristipomoides of family Lutjanidae (Fig. 24). Approximately 61% 

of this total is attributed solely to the subfamily Anthiinae with another 4% split between 

the other two subfamilies (Fig. 24). Nearly 25% of the total standard density was 

attributed to the genus Pristipomoides with the remainder associated with Lutjanus (Fig. 

24).  

 

 

Figure 22. Standard Density of families Lutjanidae and Serranidae for the DEEPEND 

Research Cruise Series. 
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Figure 23. The faunal composition and associated densities of families Lutjanidae and 

Serranidae From the DEEPEND Research Cruise Series. 

 

Figure 24. The five highest standardized densities from the DEEPEND Research Cruise 

Series. This includes subfamilies Anthiinae, Liopropomatinae, and Serraninae, of family 

Serranidae as well as the genera Lutjanus and Pristipomoides. 



69 

 The DEEPEND Series was sampled across the spring and summer seasons. The 

only species found in both seasons was Baldwinella vivanus and the genus 

Pristipomoides with highest densities for both found in the spring for B. vivanus and in 

the summer for Pristipomoides (Table 12). The highest biodiversity and densities for 

family Serranidae were observed in the spring season with Baldwinella aureorubens, 

Anthias sp., Anthias nicholsi, Anthias woodsi, Baldwinella vivanus, Plectranthias 

garrupellus (Table 12). Biodiversity and density dropped dramatically in the winter 

season for family Serranidae (Table 12). Biodiversity was even between the two 

sampling seasons for family Lutjanidae although density was at its highest during the 

summer season (Table 12).  

DEEPEND collected standard lengths from the family Serranidae which ranged 

from one standard length to a maximum of 19 per species, specifically for Baldwinella 

aureorubens (Table 13). The range of standard lengths for this family ranged from 7-

26mm, the extremes of which were represented by Baldwinella aureorubens at the small 

end and an unidentified member of the subfamily Serraninae at the larger size (Table 13). 

The unidentified individuals from subfamily Serraninae had the highest mean standard 

length of any serranid of this cruise series at 26 mm, while Baldwinella aureorubens 

represented the smallest mean standard length at 6mm (Table 13). The collected standard 

lengths from the family Lutjanidae ranged from one standard length to a maximum of 13, 

specifically for the genus Pristipomoides (Table 13). These standard lengths ranged from 

12-30 mm, the extremes of which were represented by Lutjanus campechanus the low 

end and an unidentified member of the family Lutjanidae at the high end (Table 13). An 

unidentified member of family Lutjanidae had the highest mean standard length of any 
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lutjanid of this cruise series at 30 mm while Lutjanus campechanus represented the 

smallest mean standard length at 14.2 mm each (Table 13). 

Table 12. Faunal composition and standardized density (No.x10
-6

m
-3

) measurements of 

families Serranidae and Lutjanidae across the spring and summer seasons from 

DEEPEND Cruises (1-5). X indicates absence of that species. 

 Spring Summer 

Serranidae  

Anthias sp. 154.36 X 

Anthias nicholsi 77.15 X 

Anthias woodsi 25.81 X 

Baldwinella aureorubens 256.69 10.01 

Baldwinella vivanus 37.27 X 

Plectranthias garrupellus 101.24 X 

Liopropoma sp. X 11.73 

Lutjanidae  

Lutjanus campechanus X 161.70 

Lutjanus sp. 28.47 X 

Pristipomoides sp. 28.47 440.97 

Table 13. Number of measured individuals (n) per lowest taxonomic identification, their 

size ranges, and the mean standard length (SL) for the DEEPEND cruise series. 

 DEEPEND 

 n Min SL (mm) Max SL (mm) Mean SL (mm) 

Serranidae     

Anthiinae 17 10 19 15.47 

Anthias sp. 3 15 21 18 

Anthias nicholsi 3 9 17 12 

Anthias woodsi 1 12 12 12 

Baldwinella aureorubens 19 8 25 19 

Baldwinella vivanus 1 7 7 7 

Liopropoma sp. 1 20 20 20 

Plectranthias garrupellus 3 13 15 14.33 

Serranidae UnID 2 17 19 18 

Serraninae 2 26 26 26 

Lutjanidae     

Lutjanidae UnID 1 30 30 30 

Lutjanus sp. 1 18 18 18 

Lutjanus campechanus 5 12 17 14.2 

Pristipomoides sp. 12 19 26 21.75 
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DEEPEND and M/V Meg Skansi: 

 Stratified sampling occurred at a series of depths corresponding with the number 

of nets used in the MOCNESS sampling apparatus. These depths were separated into six 

bins (0-5); depth bin 0 corresponds to sampled depths from 0-1500 m, depth bin 1 

corresponds to sampled depths from 1500-1200 m, depth bin 2 corresponds to sampled 

depths from 1200-1000 m, depth bin 3 corresponds to sampled depths from 1000-600 m, 

depth bin 4 corresponds to sampled depths from 600-200 m, and depth bin 5 corresponds 

to sampled depths from 200-0 m. The individuals collected within each depth bin from 

both the DEEPEND cruises and the M/V Meg Skansi were analyzed together (Table 14). 

Depth bin 0 only collected one individual of Baldwinella vivanus at a standard density of 

11.31x10
-6

m
-3

 with no associated length for this individual. Depth bin 1 contained more 

serranids with a higher biodiversity than lutjanids (Table 14). The genus Pristipomoides 

had the highest number of individuals of any other identified organism within depth bin 1 

(Table 14). An unidentified member of the subfamily Liopropomatinae had the highest 

standardized density at 123.85x10
-6

m
-3

 of both Serranids and Lutjanids and was also the 

largest individual found of both families at 17 mm standard length (Table 14). An 

unidentified serranid had the smallest standardized density of both families at 14.44x10
-

6
m

-3
. The smallest individuals were measured at 5 mm and were represented by Anthias 

Tenuis, Bathyanthias mexicanus, and the genus Pristipomoides (Table 14). 

Depth bin 2 contained an equal number of serranids and lutjanids and equal 

biodiversity. (Table 14). The genus Serranus had the highest standardized density at 

60.37x10
-6

m
-3

 of both Serranids and Lutjanids and was also one of the smallest individual 

found of both families at 4mm standard length (Table 14). An unidentified member of the 
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subfamily Anthiinae had the smallest standardized density of both families at 23.87x10
-

6
m

-3
. The smallest individuals were measured at 5 mm and were represented by Lutjanus 

campechanus and Ocyurus chrysurus (Table 14). Depth bin 2 had the lowest number of 

individuals and the smallest cumulative standardized density of any other depth bin 

(Table 14). 

Depth bin 3 contained a higher number of serranids than lutjanids as well as a 

higher biodiversity. (Table 14). The genera Liopropoma and Pristipomoides had the 

highest number of individuals of any other identified organisms within Depth bin 3 

(Table 14). The genus Liopropoma had the highest standardized density at 119.17x10
-6

m
-

3
 of both Serranids and Lutjanids and was also the largest individual found of both 

families at 11 mm standard length (Table 14). Anthias nicholsi had the smallest 

standardized density of both families at 22.10x10
-6

m
-3

. The smallest individuals were 

measured at 5mm and were represented by Lutjanus campechanus and Liopropoma sp 

(Table 14). Depth bin 3 had the lowest biodiversity of any other depth bin (Table 14). 

Depth bin 4 contained a higher number of serranids than lutjanids as well as a 

higher biodiversity. (Table 14). The genus Pristipomoides and Baldwinella aureorubens 

had the highest number of individuals of families Lutjanidae and Serranidae at three and 

two individuals, respectively (Table 14). The genus Pristipomoides had the highest 

standardized density at 95.89x10
-6

m
-3

 of both Serranids and Lutjanids (Table 14). 

Baldwinella aureorubens had the smallest standardized density of both families at 

13.45x10
-6

m
-3

. The smallest individual organism measured was a specimen of 

Baldwinella vivanus at 5 mm with the largest individual represented by Baldwinella 

aureorubens at 23 mm (Table 14).  
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Depth bin 5 contained the majority of the biomass and biodiversity of all the 

depth bins (Table 5). Depth bin 5 only lacked representatives of Ocyurus chrysurus and 

Pseudogramma gregoryi, otherwise all other species encountered by DEEPEND and the 

M/V Meg Skansi were encountered in Depth bin 5. Depth bin 5 contained a much higher 

number and diversity of serranids than lutjanids (Table 14). Unidentified Anthiines and 

the genus Pristipomoides had the highest number of individuals of families Serranidae 

and Lutjanidae respectively, at 24 and 31 individuals. (Table 14). The genus 

Pristipomoides had the highest standardized density at 1251.24x10
-6

m
-3

 of both Serranids 

and Lutjanids (Table 14). Lutjanus synagris had the smallest standardized density of both 

families at 37.16x10
-6

m
-3

. The smallest individual organism measured was a specimen of 

the genus Mycteroperca at 4mm with the largest individual represented by 

Pristipomoides freemani at 26 mm (Table 14).  

Table 14. Number of individuals (n) per lowest taxonomic identification, standardized 

densities (No.x10
-6

m
-3

), size ranges, and mean standard length (mm), by depth bin for the 

DEEPEND and M/V Meg Skansi cruise series. Depth bin 1 =1500-1200 m, depth bin 2 

=1200-1000 m, depth bin 3 = 1000-600 m, depth bin 4 = 600-200 m, and depth bin 5 = 

200-0 m. “*” represents individuals with no associated lengths due to damage incurred 

while sampling. 

 Depth Bin 1 

 n SD (No. 

x10
-6

m
-3

) 

Min SL 

(mm) 

Max SL 

(mm) 

Avg. SL 

(mm) 

Serranidae      

Anthias tenuis 1 22.36 5 5 5 

Bathyanthias mexicanus 1 38.66 5 5 5 

Liopropoma sp. 1 46.27 6 6 6 

Liopropomatinae UnID 1 123.85 17 17 17 

Pseudogramma gregoryi 1 18.86 9 9 9 

Serranidae UnID 1 14.44 * * * 

Lutjanidae      

Lutjanus sp. 1 28.47 * * * 

Pristipomoides sp. 4 78.94 5 8 6.33 

 



74 

Table 14. continued 

 Depth Bin 2 

 n SD (No. 

x10
-6

m
-3

) 

Min SL 

(mm) 

Max SL 

(mm) 

Avg. SL 

(mm) 

Serranidae  

Anthiinae UnID 1 23.87 10 10 10 

Liopropomatinae UnID 1 24.34 * * * 

Serranus sp. 1 60.37 11 11 11 

Lutjanidae  

Lutjanus campechanus 1 24.99 5 5 5 

Ocyurus chrysurus 1 54.6 5 5 5 

Pristipomoides sp. 1 24.99 8 8 8 

 Depth Bin 3 

 n SD (No. 

x10
-6

m
-3

) 

Min SL 

(mm) 

Max SL 

(mm) 

Avg. SL 

(mm) 

Serranidae  

Anthias nicholsi 1 22.1 6 6 6 

Bathyanthias mexicanus 1 23.45 11 11 11 

Liopropoma sp. 3 119.17 4 4 4 

Lutjanidae  

Lutjanus campechanus 1 24.02 4 4 4 

Pristipomoides sp. 3 67.23 5 9 6.33 

 Depth Bin 4 

 n SD (No. 

x10-6m-3) 

Min SL 

(mm) 

Max SL 

(mm) 

Avg. SL 

(mm) 

Serranidae  

Baldwinella aureorubens 1 13.45 23 23 23 

Baldwinella vivanus 2 71.19 5 8 6.5 

Epinephilinae UnID 1 24.14 11 11 11 

Hyporthodus flavolimbatus 1 24.14 6 6 6 

Liopropoma sp. 1 24.14 11 11 11 

Pronotogrammus 

martinicensis 

1 20.75 19 19 19 

Serranus sp. 1 21.29 16 16 16 

Lutjanidae  

Lutjanus sp. 2 23.12 10 13 11.5 

Pristipomoides sp. 3 95.89 7 11 8.66 
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Table 14. continued 

 Depth Bin 5 

 n SD (No. 

x10
-6

m
-3

) 

Min SL 

(mm) 

Max SL 

(mm) 

Avg. SL 

(mm) 

Serranidae  

Serranidae UnID 3 38.76 12 12 12 

Anthias sp. 5 198.02 8 8 8 

Anthias nicholsi 10 385.99 7 13 10 

Anthias tenuis 10 246.2 13 17 15.7 

Anthias woodsi 4 140.37 6 16 9.66 

Anthiinae UnID 24 772.62 7 17 11.29 

Baldwinella aureorubens 14 400.49 5 20 9.1 

Baldwinella vivanus 3 135.64 6 9 7.66 

Bathyanthias mexicanus 6 239.43 12 16 14.5 

Centropristis striata 1 38.05 13 13 13 

Cephalopholis cruentata 3 149.02 7 12 9 

Epinephelus itajara 2 97.52 6 11 8.5 

Epinephelus striatus 1 46.37 11 11 11 

Hemanthias sp. 3 110.37 15 17 16 

Hemanthias leptus 1 46.53 7 7 7 

Hyporthodus flavolimbatus 3 143.41 9 11 10 

Hyporthodus mystacinus 2 90.76 6 6 6 

Hyporthodus niveatus 1 47.53 7 7 7 

Liopropoma sp. 6 246.91 10 20 13,33 

Liopropoma olneyi 2 87.01 15 16 15.5 

Liopropomatinae UnID 1 41.98 18 18 18 

Mycteroperca sp. 3 149.24 4 11 7 

Plectranthias garrupellus 3 101.24 13 15 14.33 

Pronotogrammus 

martinicensis 

1 54.13 7 7 7 

Serraninae UnID 2 64.4 * * * 

Serranus sp. 1 37.55 * * * 
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Table 14. continued 

 Depth Bin 5 

 n SD (No. 

x10
-6

m
-3

) 

Min SL 

(mm) 

Max SL 

(mm) 

Avg. SL 

(mm) 

Lutjanidae  172.14 12 20 17.4 

Lutjanidae UnID 4 86.93 7 16 11.5 

Lutjanus sp 4 49.75 5 5 5 

Lutjanus analis 1 756.97 6 18 9.8 

Lutjanus campechanus 20 204.42 8 13 9.33 

Lutjanus griseus 6 138.51 5 8 6.66 

Lutjanus mahogoni 2 37.16 5 8 6.5 

Lutjanus synagris 1 1251.24 9 31 15.85 

Pristipomoides sp. 31 45.37 26 26 26 

Pristipomoides freemani 1 124.77 21 22 21.66 

Rhomboplites aurorubens 3     

A One-Way ANOVA was conducted to analyze the standardized density of 

lutjanids found during the summer and spring seasons as sampled by both the DEEPEND 

Cruises and those conducted by the M/V Meg Skansi. The summer samples had an n of 50 

and spring samples had an n of 16, each averaging 59.31x10
-6

m
-3

 and 35.44x10
-6

m
-3

 

respectively. The associated P value for this One-Way ANOVA was 0.0492 and 

therefore, there was a significant difference in the standardized density of lutjanids 

between the summer and spring seasons, with higher standardized densities of lutjanids 

found during the summer as compared to the spring. (See Appendix: Figure A-8). 

A One-Way ANOVA was conducted to analyze the standardized density of 

lutjanids sampled between the M/V Meg Skansi and the DEEPEND Cruises (1-5). The 

DEEPEND Cruises had an n of 12 while the cruises conducted by the M/V Meg Skansi 

had an n of 54, each averaging a standardized density of 63.45x10
-6

m
-3

 and 51.32x10
-6

m
-3

 

respectively. The associated P value for this One-Way ANOVA was 0.2966 and 

therefore, there was not a significant difference in the standardized density of lutjanids 
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between the DEEPEND Cruises and the cruises conducted by the M/V Meg Skansi (See 

Appendix: Figure A-9). 

A One-Way ANOVA was conducted to analyze the standardized density of 

serranids found between samples collected by the M/V Meg Skansi and DEEPEND 

Cruises. The M/V Meg Skansi samples had an n of 84 while the DEEPEND Cruises 

samples had an n of 27, each averaging a standardized density of 47.82x10
-6

m
-3

 and 

46.67x10
-6

m
-3

 respectively. The associated P value for this One-Way ANOVA was 

0.8892 and therefore, there was not a significant difference in the standardized density of 

serranids between the M/V Meg Skansi and the DEEPEND Cruises (See Appendix: 

Figure A-10). 

A One-Way ANOVA was conducted to analyze the standardized density of 

serranids found between sampling conducted during the day (solar noon) and at night 

(solar midnight) by both the M/V Meg Skansi and the DEEPEND Cruises. Night samples 

had an n of 75 while day samples had an n of 36, each averaging a standardized density 

of 46.03x10
-6

m
-3

 and 50.69x10
-6

m
-3

 respectively. The associated P value for this One-

Way ANOVA was 0.5411 and therefore, there was not a significant difference in the 

standardized density of serranids when sampled during solar noon and solar midnight 

between both cruise sets (See Appendix: Figure A-11). 

A One-Way ANOVA was conducted to analyze the standardized density of 

serranids found during the summer and spring seasons as sampled by both the DEEPEND 

Cruises and those conducted by the M/V Meg Skansi. The summer samples had an n of 47 

and spring samples had an n of 53, each averaging 48.71x10
-6

m
-3

 and 46.65x10
-6

m
-3

 

respectively. The associated P value for this One-Way ANOVA was 0.7899 and 
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therefore, there was no significant difference in the standardized density of serranids 

between the summer and spring seasons. (See Appendix: Figure A-12). 

A One-Way ANOVA was conducted to analyze the standardized density of 

serranids found during the spring sampling season of DEEPEND against those conducted 

by the M/V Meg Skansi. The DEEPEND spring samples had an n of 26 and spring 

samples had an n of 29, each averaging 48.08x10
-6

m
-3

 and 46.04x10
-6

m
-3

 respectively. 

The associated P value for this One-Way ANOVA was 0.8710 and therefore, there was 

no significant difference in the standardized density of serranids between the spring 

samples collected by the M/V Meg Skansi and the spring samples collected by DEEPEND 

(See Appendix: Figure A-13). 

A One-Way ANOVA was conducted to analyze the standard lengths of the 

subfamily Anthiinae of family Serranidae from both the M/V Meg Skansi and the 

DEEPEND Cruises, as pertains to changes between solar day and solar midnight. The 

day samples had an n of 33 and night samples had an n of 66, each averaging 13.5 mm 

and 13.0 mm respectively. The associated P value for this One-Way ANOVA was 0.6476 

and therefore, there was no significant difference in the standard lengths of subfamily 

Anthiinae between the day and night among the DEEPEND and M/V Meg Skansi cruises 

(See Appendix: Figure A-14). 

A One-Way ANOVA was conducted to analyze the standard lengths of the 

subfamily Anthiinae of family Serranidae from both the M/V Meg Skansi and the 

DEEPEND Cruises, as pertains to changes between the spring and summer seasons. The 

spring samples had an n of 75 and summer samples had an n of 14, each averaging 

14.08mm and 9.93mm respectively. The associated P value for this One-Way ANOVA 
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was 0.0060 and therefore, a significant difference was observed in the standard lengths of 

subfamily Anthiinae between the spring and summer seasons with larger individuals 

being more often associated with the spring season (See Appendix: Figure A-15). 

A One-Way ANOVA was conducted to analyze the standardized density of the 

subfamily Anthiinae of family Serranidae from both the M/V Meg Skansi and the 

DEEPEND Cruises, as pertains to changes between solar day and solar midnight. The 

day samples had an n of 18 and night samples had an n of 46, each averaging 52.22x10
-

6
m

-3
 and 46.11x10

-6
m

-3
 respectively. The associated P value for this One-Way ANOVA 

was 0.5594 and therefore, there was no significant difference in the standardized density 

of subfamily Anthiinae between the night and day samples collected by the M/V Meg 

Skansi and DEEPEND research cruises (See Appendix: Figure A-16). 

A One-Way ANOVA was conducted to analyze the standardized density of 

lutjanids found between sampling conducted during the day (solar noon) and at night 

(solar midnight) by both the M/V Meg Skansi and the DEEPEND Cruises. Night samples 

had an n of 46 while day samples had an n of 20, each averaging a standardized density 

of 50.88.x10
-6

m
-3

 and 59.60x10
-6

m
-3

 respectively. The associated P value for this One-

Way ANOVA was 0.3724 and therefore, there was not a significant difference in the 

standardized density of serranids when sampled during solar noon and solar midnight 

between both cruise sets (See Appendix: Figure A-17). 

A One-Way ANOVA was conducted to analyze any differences in the 

standardized density of lutjanids and serranids found between the M/V Meg Skansi and 

the DEEPEND Cruises. Lutjanid Samples samples had an n of 66 while serranid samples 

had an n of 111, each averaging a standardized density of 53.52x10
-6

m
-3

 and 47.54x10
-
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6
m

-3
 respectively. The associated P value for this One-Way ANOVA was 0.2983 and 

therefore, there was not a significant difference in the standardized density between 

serranids and lutjanids from both cruise sets (See Appendix: Figure A-18). 

A One-Way ANOVA was conducted to analyze any differences in the 

standardized density of lutjanids and serranids found during solar noon between the M/V 

Meg Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 20 while serranid 

samples had an n of 36, each averaging a standardized density of 59.60x10
-6

m
-3

 and 

50.69x10
-6

m
-3

 respectively. The associated P value for this One-Way ANOVA was 

0.3341 and therefore, there was not a significant difference in the standardized density 

between serranids and lutjanids during solar noon from both cruise sets (See Appendix: 

Figure A-19). 

A One-Way ANOVA was conducted to analyze any differences in the 

standardized density of lutjanids and serranids found during solar midnight between the 

M/V Meg Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 46 while 

serranid samples had an n of 75, each averaging a standardized density of 50.88x10
-6

m
-3

 

and 46.03x10
-6

m
-3

 respectively. The associated P value for this One-Way ANOVA was 

0.5050 and therefore, there was not a significant difference in the standardized density 

between serranids and lutjanids during solar midnight from both cruise sets (See 

Appendix: Figure A-20). 

A One-Way ANOVA was conducted to analyze any differences in the 

standardized density of lutjanids and serranids found during the summer season between 

the M/V Meg Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 50 while 

serranid samples had an n of 47, each averaging a standardized density of 59.31x10
-6

m
-3

 



81 

and 48.71x10
-6

m
-3

 respectively. The associated P value for this One-Way ANOVA was 

0.1306 and therefore, there was not a significant difference in the standardized density 

between serranids and lutjanids during the summer season from both cruise sets (See 

Appendix: Figure A-21). 

A One-Way ANOVA was conducted to analyze any differences in the 

standardized density of lutjanids and serranids found during the spring season between 

the M/V Meg Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 16 while 

serranid samples had an n of 54, each averaging a standardized density of 35.44x10
-6

m
-3

 

and 47.66x10
-6

m
-3

 respectively. The associated P value for this One-Way ANOVA was 

0.3010 and therefore, there was not a significant difference in the standardized density 

between serranids and lutjanids during the spring season from both cruise sets (See 

Appendix: Figure A-22). 

A One-Way ANOVA was conducted to analyze any differences in the standard 

lengths of lutjanids and serranids found during solar noon between the M/V Meg Skansi 

and the DEEPEND Cruises. Lutjanid samples had an n of 19 while serranid samples had 

an n of 42, each averaging a standard length of 15.10mm and 13.64mm respectively. The 

associated P value for this One-Way ANOVA was 0.3394 and therefore, there was not a 

significant difference in the standard length between serranids and lutjanids during solar 

noon from both cruise sets (See Appendix: Figure A-23). 

A One-Way ANOVA was conducted to analyze any differences in the standard 

lengths of lutjanids and serranids found during solar midnight between the M/V Meg 

Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 42 while serranid 

samples had an n of 71, each averaging a standard length of 14.6 mm and 13.8 mm 
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respectively. The associated P value for this One-Way ANOVA was 0.4783 and 

therefore, there was not a significant difference in the standard length between serranids 

and lutjanids during solar midnight from both cruise sets (See Appendix: Figure A-24). 

A One-Way ANOVA was conducted to analyze any differences in the standard 

lengths of lutjanids and serranids found during the summer season between the M/V Meg 

Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 45 while serranid 

samples had an n of 41, each averaging a standard length of 16.3 mm and 12.6 mm 

respectively. The associated P value for this One-Way ANOVA was 0.0049 and 

therefore, a significant difference in the standard length between serranids and lutjanids 

during the summer season was observed, with lutjanids being larger than serranids at this 

time of year (See Appendix: Figure A-25). 

A One-Way ANOVA was conducted to analyze any differences in the standard 

lengths of lutjanids and serranids found during the spring season between the M/V Meg 

Skansi and the DEEPEND Cruises. Lutjanid samples had an n of 16 while serranid 

samples had an n of 71, each averaging a standard length of 10.31mm and 14.42mm 

respectively. The associated P value for this One-Way ANOVA was 0.0025 and 

therefore, a significant difference in the standard length between serranids and lutjanids 

during the spring season was observed, with lutjanids being smaller than serranids at this 

time of year (See Appendix: Figure A-26). 
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Chapter Four: Discussion 

To our knowledge, this study represents the only attempt to characterize and 

understand those individuals of families Lutjanidae and Serranidae who have been 

expatriated hundreds of miles offshore to the deepwater pelagic environment. The 

individuals found within this study represent a wide diversity within both the families 

Lutjanidae and Serranidae and encompassing a large range of sizes. Much of the existing 

literature focuses primarily on the pelagic larval stages or their post-settlement processes, 

specifically the feeding, survival and growth of pelagic larvae, the settlement process to 

benthic habitats, and post-settlement survival and growth (Shenker et al. 1993). Very 

little information focuses on these postflexion individuals who have been washed out to 

sea, where the common line of thought is that they will die as a result of starvation, 

predation, or advection away from suitable habitat (D’Alessandro et al. 2010).  

The process of recruitment regulates the population sizes and community 

structure of many different marine ecosystems. It is well accepted that changes in year 

class strength as a result of larval and juvenile mortality greatly affect the variability in 

the recruitment to fisheries as juveniles mature (Comyns et al. 2003). This is especially 

true of fisheries-targeted species within these two families, which all exhibit a pelagic 

early life stage. Further research suggests that the process of self-recruitment plays a 

larger role in the recruitment of local populations than previously assumed (Green et al. 

2015). Long distance dispersers in most species, therefore, most likely do not make up a 

significant portion of new recruitment to an area or represent a viable source for 
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population replenishment or connectivity over ecological timescales, but become more 

important over evolutionary time scales (Green et al. 2015). This may not apply to the 

genus Pristipomoides whose pelagic juveniles may be advected back towards the 

continental slope after a prolonged juvenile phase.  

Seasonal differences were identified aboard the R/V Pisces where the standard 

density of lutjanids was significantly lower in the summer compared to the fall. 

Biodiversity also dropped dramatically from the fall to summer with winter being the 

lowest in both standard density and biodiversity of both families. Biases with regard to 

the large numbers of Pristipomoides were investigated and, when removed, this pattern of 

low standard density and biodiversity in the summer compared to the fall persisted 

although could not be statistically analyzed due to low numbers. The increased 

biodiversity of lutjanids within the fall could mean that multiple species choose to spawn 

either in the fall or during late summer which could account for this increase in 

biodiversity and overall increase in standard density. This is consistent with larval 

lutjanid surveys conducted within the Straits of Florida where lutjanid larvae were found 

to be most abundant from July to September, with a major drop off in densities during the 

winter months (D’Alessandro et al. 2010). The R/V Pisces also collected the highest 

number of individuals of the genus Pristipomoides of any cruise series by two orders of 

magnitude. Catches of this particular genus ranged from a single individual per tow to 

544 individuals, suggesting that these juveniles may exhibit schooling behavior or be 

distributed in relatively high densities over large areas of the pelagic environment. This 

genus was consistently the highest in standard density of any other group across every 

cruise series. These findings are consistent with those of D’Alessandro et al. (2010) who 



85 

observed that deeper-living taxa constitute a large portion of the abundance of family 

Lutjanidae in the western Atlantic Ocean, specifically the Florida Straits. Seasonality was 

also observed within this genus where smaller individuals were found more often in the 

summer season compared to those individuals captured in the fall. The seasonality of this 

genus is corroborated by the findings of Hernandez et al. (2010), where larval individuals 

were found during the months of June and September in the Northern GoM with no peak 

in abundance observed. Our findings strongly suggest that the peak in abundance for this 

genus occurs during the fall season, based on the high densities and abundances observed 

during this cruise series. This could potentially indicate spawning events occurring in the 

late spring or early summer, with those individuals collected during the fall representing 

older individuals who have had more time to grow.  

There were no significant differences detected in the standard density or standard 

length of lutjanids between samples taken during solar noon and midnight, suggesting 

that there is little vertical movement of this family and no stratification of size with depth. 

This may also be a relic of the sampling protocol where the shallower sampled depths 

ranged from 0-200 m. At this established depth range, it may be very likely that we 

lacked the resolution to see smaller scale vertical movements and size stratifications 

within this family. The same was found for the genus Pristipomoides although closely 

related species, Pristipomoides filamentosus and Pristipomoides sieboldii, have shown 

evidence that juveniles display limited crepuscular vertical migrations with relatively 

little movement occurring during the day and night (Moffitt and Parrish 1996). The 

adopted sampling protocol in the present study did not take into account the possibility 

for crepuscular vertical migration and therefore if this behavior occurred in the 
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Pristipomoides of the GoM it would have been overlooked. The findings of the R/V 

Pisces are not directly comparable to those of the DEEPEND and M/V Meg Skansi cruise 

series as a result of differing sampling methods, but the findings are interesting 

nonetheless.  

A lack of sufficient sample sizes restricted the analyses that were conducted for 

the M/V Meg Skansi and the DEEPEND cruise series. Only family Lutjanidae, as a 

whole, contained sufficient numbers of individuals to conduct any sort of statistical 

analysis within the M/V Meg Skansi cruise series. The lack of a sufficient sample size 

restricted any analyses on the DEEPEND research cruise series. With the M/V Meg 

Skansi, no statistical difference was found between the standard density of lutjanids 

between solar noon and midnight, or between the spring and summer season. Biodiversity 

increased dramatically for both families during the summer season, standard densities 

were also higher for both families during this time of year. The opposite was true during 

the DEEPEND cruise series, where biodiversity and standard densities were at their 

lowest for family Serranidae during the summer and highest in the spring. Family 

Lutjanidae showed equal biodiversity through both the spring and summer seasons but 

standard densities were at their highest during the summer which matched the findings of 

the M/V Meg Skansi. The seasonality of larval Serranids has been described as peaking 

most often during the month of June but with near constant presence in the northern GoM 

ranging from May to October, with a few individual species being present in the later 

winter months (Colyms et al. 2010). These findings suggest that there may be high 

variability in the spawning events of many species within the family Serranidae. For 

example, the discovery of a juvenile Epinephelus striatus during the summer season goes 
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against the generally accepted spawning season of this species during the full moon of 

winter months (Eggleston 1995; Grover 1993; Grover et al. 1998). To find such a 

discrepancy in the timing of high standard densities and biodiversity suggests that the 

timing of these spawning events may change from year to year or that there may be 

smaller spawning events outside the peak times in the winter. It is also possible that 

oceanographic conditions were not suitable for these individuals and that the time in 

which DEEPEND operated its sampling protocol there was high mortality within the 

population of Serranids. Oceanographic conditions could have also prevented the 

dispersal of these individuals during the DEEPEND cruise series.  

As a result of these smaller sample sizes, the DEEPEND and M/V Meg Skansi 

cruise series were combined in order to gain suitable sample sizes for statistical analyses. 

Standard densities of lutjanids between the combined cruises were found to be higher 

during the summer compared to spring suggesting spawning events for this family may 

occur during the summer. This is further corroborated by the survey series conducted by 

Hernandez et al. (2010) where peaks in abundances and presence was found to occur in 

the spring and summer. Lutjanus campechanus was found to peak in standard density and 

abundance during the summer of our sampling protocol for both the M/V Meg Skansi and 

DEEPEND. This was corroborated by both studies conducted by Hernandez et al. (2010) 

and Ditty et al. (1989) which found that larval Lutjanus campechanus are found in the 

highest densities from May-November. Samples during the spring were very few in 

comparison to that of the summer and so our findings may be based on a sample size not 

representative of the actual population. The observed seasonal peaks in these families 

may also be a function of the distance away from shore that these samples were collected. 
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The time necessary to waft out to offshore locations may result in a delayed signal in 

seasonal peak of certain species, depending on the hydrography at the time of spawning. 

No differences were observed within lutjanids and serranids in either standard density or 

lengths within both families in terms of solar noon and midnight, and season (spring and 

summer). There was also no difference in standard density or length when comparing 

lutjanids and serranids to one another with regard to the same criteria. The similarity 

between these two families with regard to standard density is not what previous studies 

have found where serranids make up some of the most abundant larvae in both the GoM 

and Straits of Florida (Hernandez et al. 2010; D’Alessandro et al. 2010; Houde et al. 

1979). Subfamily Anthiinae was the most abundantly encountered serranid group and 

showed no difference in standard length between solar noon and midnight but did have 

seasonal differences where larger individuals were most often found during the spring 

season compared to the summer. Standard lengths did not differ between lutjanids and 

serranids during either solar noon and midnight although differences were detected 

seasonally where lutjanids were larger in the summer compared to serranids and the 

opposite was true during the spring season.  

A comparison between the M/V Meg Skansi and DEEPEND cruise series shows 

that there was no statistical difference in standard densities of both families between the 

two cruise series. This suggests a relatively stable density of these families in the pelagic 

environment. A lack of baseline data prohibits us from knowing whether this means that 

standard densities remained the same before the occurrence of the DWH oil spill or if 

there has been a lack of recovery in these stocks since the event. It was also surprising to 

see that both of these families had similar densities to one another as previous surveys 
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suggest that family Serranidae is one of the most abundant larvae found in the coastal 

environment (Houde et al. 1979; Limouzy-Paris 1994; Hernandez et al. 2010). Lutjanids 

do however make up a large percentage of the abundance found in these surveys, often 

occurring in the top 20 families encountered (Limouzy-Paris 1994; Hernandez et al. 

2010). It could be that the farther offshore these individuals are found, the more even 

their proportions are to one another, bringing their overall density closer to what we have 

observed. One might also infer that family Serranidae is more impacted by these larger 

distances than family Lutjanidae. These samples were collected over 200 km offshore 

whereas previous studies are far closer to shore, guaranteeing a much higher sample size 

and rate of collection. It is also possible that the larger individuals within the genus 

Pristipomoides, which are clearly able to survive and prolong their time in the pelagic 

environment, could be skewing these data although there was still no significant 

difference between the two families’ standard density when discounting Pristipomoides. 

It should also be noted that a higher number of individuals (both Lutjanidae and 

Serranidae) were caught during the night than as compared to the day. This observation 

most likely represents net avoidance behavior, where individuals with increased 

swimming ability are able to see the net approach during the day and so avoid it, but at 

night are caught by surprise and are thereby sampled. 

 The spring season aboard the DEEPEND cruise series versus that of the M/V Meg 

Skansi also showed no significant difference in the standard density of serranids lending 

further credence to the thought that these stocks have relatively stable standard densities 

over time. Although this may be true for standard densities at the family level, it is clear 

that biodiversity was much higher during the M/V Meg Skansi cruise series compared to 
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that of DEEPEND. This can be explained by a number of species making up in 

abundance for the loss of other species, in particular, the sharp rise in Baldwinalla 

aureorubens and the appearance of Plectranthias garrupellus in the DEEPEND samples 

as compared to the R/V Meg Skansi. Both cruises used the same sampling technique and 

yet the samples collected by DEEPEND were lower in both abundance and biodiversity 

compared to those of the M/V Meg Skansi. This disparity between cruise series could 

potentially be a result of natural variability in the population dynamics of these 

organisms. It is well known that larval and juvenile fishes, especially when in the pelagic 

ecosystem, suffer high rates of mortality as a result of predation and starvation.  

It may also be possible that those species present during the M/V Meg Skansi 

cruise series and not during the DEEPEND could have been the ones most negatively 

affected by the DWH oil spill. Their absence from the later samples collected by 

DEEPEND could represent a lack of recovery from such an event. Once again, this 

cannot be determined as we do not have pre-spill baseline data to confirm or do 

comparative analyses to see whether what was observed is simply natural variation in the 

population dynamics of these organisms, or whether the DWH oil spill has had any long-

lasting effects on these animals. That being said, the data collected by the DEEPEND 

Consortium has revealed a 50-75% decrease in fish numbers since 2011 across all depth 

strata sampled throughout these cruise series (Sutton et al. 2018). Long-standing 

decreases in the abundances of continental shelf species have also been noted, 

specifically in red snapper and grouper species, by Murawski (2018) over the course of a 

six year longline survey after the DWH oil spill. These longline surveys targeted larger 

adult nearshore reef species, and if these numbers are decreasing it could indicate 
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recruitment overfishing where adult populations are exploited (or in this case extirpated) 

to such an extent that their reproductive output is no longer sufficient to maintain 

historical population levels (Murawski 2018; Watson et al. 2002). Conversely, it could 

also represent a very weak year class that resulted after the events of the DWH oil spill 

where those larvae who were exposed to the oil were largely wiped out.  

The DEEPEND research cruise series was the only one of the three that 

investigated changes in the population dynamics of these families in comparison to the 

different water masses of the GoM. Water masses were identified based on CTD data, 

satellite imagery, and HYCOM modeling (HYCOM 2016), and characterized as one of 

three water masses; Common Water (CW), Intermediate Water (IW), and as an 

Anticyclonic Region (AR). Although DEEPEND sampled across many fronts across 

different water masses, unfortunately, all but two individuals (one per family) were 

associated with CW. Those two individuals were found in IW. The lack of sufficient 

numbers of individuals within separate water masses prevented any analyses, and the 

overall low numbers of the DEEPEND cruise series prevented any reliable analyses 

within the CW water mass. Although, we can say that those individuals associated with 

CW water masses have most likely originated from the GoM waters rather than the 

Caribbean. The lack of individuals found within AR water masses may also suggest that 

dispersal from the Caribbean via the LC is negligible. Previous surveys conducted by 

Houde et al. (1979) attempted to study the affect the LC would have had on the shallow 

water abundances of multiple larval species. These surveys found that, in years where the 

LC was present, 10 of the 14 species studied were found more often in shallow 

environments suggesting that they were positively associated with this hydrographic 
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feature (Houde et al. 1979). However, none of the observed species in that study 

belonged to the family Serranidae or Lutjanidae and, without specific observations, their 

association with the LC is under question. Further sampling along the fronts of these 

water masses and within them is therefore necessary to confirm whether the LC plays a 

pivotal a role in the dispersal of these juveniles or acts as a barrier between the GoM and 

Caribbean.  

This study discovered some of the deepest occurrences of larval and juvenile 

lutjanids and serranids on record. The serranid subfamilies Liopropomatinae and 

Anthiinae represented the two most commonly encountered serranids at depth, both of 

which were encountered across the depth spectrum from 0-1500 m. The serranid 

subfamily Epinephilinae was not found at the more extreme depth ranges but were 

encountered at depths of 600 m, which is deeper than the current literature reports. The 

genera Pristipomoides and Lutjanus of family Lutjanidae were also caught across all 

depth strata. The occurrence of these organisms at such depth has not been previously 

recorded. The most interesting of these larvae belonged to the genus Lutjanus, where 

almost every species within this genus is most commonly associated with shallow reef 

and nearshore environments as adults, or at least the top 200 m of the water column 

(D’Alessandro et al. 2010). The only exceptions being L. synagris (0-400 m), L. 

buccanella (60-230 m), and L. vivanus (90-240 m) (D’Alessandro et al. 2010). The 

occurrence of these juveniles at such low depths is therefore a novel discovery and 

exhibits behavior that has previously never been observed within this genus. Although 

the genus Pristipomoides is often associated with deeper depths than most of the other 

members of Lutjanidae, occurrences below 500 m have not been observed to our 
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knowledge (D’Alessandro et al. 2010). Subfamilies Liopropomatinae and Anthiinae have 

also typically been associated with lower depths but never to such an extent as we found.  

We believe that these larvae and juveniles found especially below 600 m may be 

attempting to settle out of the pelagic environment as they begin to migrate downward in 

the search for a suitable habitat that does not exist. These shifts in ontogeny are consistent 

with many larvae, where as they grow larger they begin seeking deeper depths, although 

this is the first account of such great depths being reached by such small individuals 

(D’Alessandro et al. 2010).   

There is also a possibility that some of these individuals were caught as a result of 

contamination of closed deeper nets when in shallow waters. As the open net samples, 

there are very small gaps between each of the bars of the “closed” nets which aren’t 

sampling. As these nets travel through the water it is possible that individual fishes could 

have slipped through these narrow gaps, although the consistency in biodiversity and the 

numbers with which individuals were found at various depths make this possibility 

unlikely. Other shallow water taxa were not caught in closed deeper nets, indicating that 

contamination of deeper nets was not widespread. 

The individuals found within this study represent a wide diversity of both the 

families Lutjanidae and Serranidae with individuals ranging in size from 4 mm to 47 mm 

in size. This size range suggests that the age range for these individuals may vary widely, 

with those smaller individuals either being transported offshore by strong hydrographic 

features, or that spawning took place relatively far off shore. The pelagic larval stages of 

lutjanids have been known to vary rather widely in their pelagic stages, from a maximum 

of four weeks to a minimum of seven days (Zapata and Herron 2002). Recent surveys 
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have found that many lutjanids take anywhere from 19-25 days to settle and do so when 

they reach a size of 10-19 mm total length, or as large as 13-25 mm standard length 

(Aburto-Oropeza et al. 2009; D’Alessandro et al. 2010). The standard lengths collected 

within family Lutjanidae ranged from 4-47 mm with the majority belonging to the 

unidentified members of genus Pristipomoides.  

The most impressive collection of standard lengths belonged to Pristipomoides 

sp., which ranged in size from 14-47 mm, with 1,273 total collected standard lengths. The 

large size range, abundance, and presence of larger individuals within this genus 

demonstrates its ability to survive in the pelagic environment for extended periods as 

pelagic juveniles. These larger fishes are fully formed, have the complete complement of 

fin spines and fin ray, and are completely scaled across the body, all indications that these 

are beyond the post-flexion larval stage and are truly juvenile fishes. In addition, these 

Pristipomoides juveniles are not pigmented like adults, nor like larvae, but have a 

transluscent body, silvery eye, gill covers, and gut, with fine lines of pinkish orange along 

dorsal and ventral profile and the anterior edges of the upper and lower caudal lobes. 

These findings are consistent with those of D’Alessandro et al. (2010), who found larger 

individuals of Pristipomoides sp. in the pelagic environment in the Florida Straits.  

Similar species found off the coast of Hawaii, specifically Pristipomoides filamentosus 

and Pristipomoides sieboldii, have also been observed settling at larger sizes and as larger 

pelagic juveniles (Moffitt and Parrish, 1996). Pristipomoides filamentosus begins to settle 

at a fork length of approximately 70-100 mm, although pelagic individuals of this species 

have been observed reaching lengths of 37-70 mm fork length (Moffitt and Parrish 1996; 

Gaither 2011). Pelagic juveniles of Pristipomoides sieboldii have also been identified to 
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50 mm in fork length, both of which are relatively large in comparison to the pelagic 

stages of other reef species (Moffitt and Parrish 1996). The pelagic stage of 

Pristipomoides filamentosus has been reported to take anywhere from 60-180 days 

making it incredibly dispersive over a 14,000 km area between Tonga and the Seychelles 

in the western Indian Ocean (Gaither 2011).  

The standard lengths collected within family Serranidae ranged from 4-29 mm, 

the smallest from subfamily Liopropomatinae and the largest a Baldwinella aureorubens.  

The settlement size for many serranids, but specifically the epinephelines, occurs at 

approximately 25 mm after a pelagic phase ranging between 35-50 days (Colin et al. 

1997; Grover et al. 1998). The large size range found during these studies suggests, as it 

does for lutjanids, that the age range for these individuals may vary widely, with those 

smaller individuals either being transported offshore by strong hydrographic features, or 

that spawning took place relatively far off shore. The larger individuals may also show 

some ability to maintain their survival in the pelagic environment well after their usual 

size at settlement, as seen by the large specimen (29 mm) of Baldwinella aureorubens. It 

should also be noted that the M/V Meg Skansi consistently caught smaller individuals 

than the DEEPEND cruise Series suggesting that from 2011 the number of smaller 

individuals may have dropped and are therefore not represented in the later DEEPEND 

cruises. This could simply be a result of the natural variability in these larval populations 

or hint at a deeper problem in recovery rates since the DWH oil spill. There is a lack of 

baseline data prior to the spill which makes any confirmation on the subject difficult to 

achieve. 
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Future Directions: 

It is imperative that we increase our knowledge of what happens to the juvenile 

members of families Lutjanidae and Serranidae during their pelagic stages of life. 

Studying the abiotic and biotic processes affecting the recruitment of important fisheries 

species has been a major focus of marine biologists and ecologists for many years 

(Shenker et al. 1993). The ultimate goal of these studies is to explain and predict shifts in 

population structure and potentially forecast these population fluctuations (Shenker et al. 

1993; Allman 2002). By predicting these fluctuations, management has the opportunity to 

prevent the process of recruitment overfishing, whereby adult populations of targeted 

species are exploited to such an extent that their reproductive output is no longer 

sufficient to maintain historical population levels (Watson et al. 2002). This is a threat 

that has befallen many of the members of family Lutjanidae and Serranidae as a result of 

their easily timed and conspicuous spawning aggregations (Coleman et al. 2000; 

Hernandez Jr. et al. 2010). These recruitment limited fish stocks may also be more 

susceptible to disturbance events, besides fishing, which makes the study of connectivity 

between these populations imperative to their long-term survival (Watson et al. 2002). 

Isotope analysis of wayward/expatriate juveniles could address where in the food web 

these individuals are feeding while out in the pelagic environment. This could be further 

explored by performing comparative analyses between expatriate juveniles to those 

newly settled individuals on nearshore reefs. A study conducted by Grover (1993) 

highlights this very idea by analyzing newly settled Nassau grouper ranging in size from 

20.2-27.8 mm SL as they transitioned from the pelagic environment to nearshore reef 

habitats. By capturing the feeding ecology of those individuals while out at sea, those 
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transitioning from the pelagic to nearshore environment, and those established on reefs, it 

is possible to gain a more complete understanding of the life history of some these 

economically important species. 

 Conducting a growth curve analysis and creating a size-at-age of newly settled 

individuals on reef habitats and comparing those curves to those of pelagic juveniles who 

have yet to settle over a long period of time would be of major use. This type of study 

would be very interesting for the genus Pristipomoides in particular, as we have 

established that these individuals reach rather large sizes while out in the pelagic zone. A 

comparison of growth rates between settled individuals within a reef habitat and those 

larger individuals still searching for a place to settle could help elucidate whether pelagic 

individuals experience negative effects from an extended pelagic life stage. These 

negative effects could potentially include a slower growth rate as a result of the increased 

caloric needs of a growing body and a depletion of fat stores from increased activity. 

Changes in growth rates have also been observed in captive-raised individuals of 

yellowtail snappers where preflexion the rate of growth is 0.31 mm/day, during 

transformation the growth rate was reduced to 0.18mm/day, and after transformation 

increased again to 0.25 mm/day (Riley et al. 1995). Aburto-Oropeza et al. (2009) 

reported an overall average growth of lutjanids from 0.28-1.00 mm/day during the first 

year of life. This type of study would require otolith aging of pelagic juveniles and newly 

settled individuals to establish a baseline as well as potential capture of adult individuals 

and raising of resultant larvae to monitor morphological changes and growth rates (Riley 

et al. 1995). It is also important to take into account spatial and temporal variability in the 

growth rates of these pelagic juveniles. Comyns et al. (2003) observed highly significant 
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changes in the growth rates of Vermillion Snapper and Atlantic Bumper in the GoM 

positively associated with food availability. This would illuminate whether large pelagic 

individuals were actually the same age as those who settled onto a reef earlier on in size. 

If it turns out that larger individuals in the pelagic zones grow more slowly due to lack of 

suitable nutrients and increased caloric demands on their bodies it could lead to a 

misinterpretation of exactly how long these individuals have been in the pelagic 

environment. This could also lead to mislabeling a time-of-birth, missing the spawning 

event the individual was associated with, or which currents could be responsible for 

bringing said individual to its present location. A comparative study on the early life 

histories of pelagic western Atlantic squirrelfishes conducted by Tyler et al. (1993) 

discovered a secondary pelagic life history phase within the species Holocentrus rufus 

and H. ascensionis. This life history phase was observed in only a few individuals of 

these species, which were significantly larger than settled out individuals on reef systems 

(Tyler et al. 1993). According to daily accretion rates within identified otoliths, these 

individuals grew more rapidly and settled at significantly higher ages than their 

holocentrid counterparts in other genera. (Tyler et al. 1993). These reef-associated 

species represent another avenue, illustrated by their extended pelagic phases, that shows 

the potential for other reef fishes to take advantage of this harsh environment.  

As previously mentioned, the identification of these juveniles can be quite 

difficult. Between mutilations that can occur to these fragile organisms when caught in 

sampling gear and the lack of morphometric identifiers for some lesser studied species, 

identification can be next to impossible in some case. Further research into the 

morphometrics of larval and juvenile members of both family Serranidae and Lutjanidae 
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to enhance identification in the field are sorely needed. Particularly for subfamilies 

Epinephilinae and Liopropomatinae of family Serranidae as well as the genus 

Pristipomoides of family Lutjanidae. DNA analysis can be used to help identify damaged 

individuals as well as help identify those species who lack morphometric identifiers. This 

technique has been applied for a number of snapper larvae, as seen by the work done by 

Rodriguez et al. (2007), specifically for Lutjanus griseus, L. apodus, L. cyanopterus, L. 

jocu, L. vivanus, L. bucanella, L. synagris, L. analis, L. mahogoni, Ocyurus chrysurus, 

Rhomboplites aurorubens, Pristipomoides macrophtlamus, Etelis oculatus and Apsilus 

dentatus. Using these techniques could lead to further analysis of the morphometrics of 

properly identified individuals in order to find the physical features necessary to separate 

previously indistinguishable organisms.  

DNA analysis could further be utilized to help identify the geographic origins of 

wayward juveniles and whether any long-term mechanisms in connectivity between 

populations is taking place. In identifying the origin population of these individuals and 

establishing a rough age using either a size-at-age model or otolith analysis, one could 

identify the historical currents using HYCOM that brought these individuals so far out to 

sea. In doing so, the physical mechanisms between population connectivity between two 

relatively divergent populations could be determined.   

 The research goals of the DEEPEND Consortium did not factor heavily into the 

investigation of relatively shallow-living organisms, as the name would clearly suggest. 

As a result, the resolution on the depths sampled, although perfect for studying 

bathypelagic organisms, left clear gaps for studying organisms inhabiting the epipelagic 

by lumping them all into one depth bin. It is imperative that future studies interested in 
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these expatriates take a more stratified and finer resolution approach to sampling the 

upper 200 m of the water column. It is clear, based on our findings, that the majority of 

individuals within these two families prefer life in the top 200 m. However, with such 

low resolution, it may be that smaller scale vertical movements were missed and 

therefore not taken into account in the general behavior of these individuals.  

To that end, we believe more stratified sampling of the top 200 m must be done 

across oceanic fronts including the Loop Current, Warm/Cold Core Eddies, and Common 

Water. In particular, sampling across the Mississippi River Plume and resulting filaments 

is imperative as it could potentially serve as the mechanism bringing nearshore larvae 

offshore in such short amounts of time. The mechanisms by which connectivity takes 

place and the linking of demographically distinct populations have important implications 

for the sustainability of metapopulations, their ability to recover from large disturbance 

events like the DWH oil spill, and future management practices. Further research into 

these expatriates and the physical mechanisms that led to their emigration could help 

yield answers to the temporal and spatial scales that influence the genetic and 

evolutionary patterns within these two families. 
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Figure 25. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the shallow (0-700m) and deep (0-1500m) depths sampled by the 

R/V Pisces. The straight grey line across the graph represents the mean of all values. The 

width of the green diamonds represents the n-value. The wider the diamond, the higher 

the n-value for that treatment. 
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Figure 26. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the fall and summer seasons by the R/V Pisces. The straight grey 

line across the graph represents the mean of all values. The width of the green diamonds 

represents the n-value. The wider the diamond, the higher the n-value for that treatment. 
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Figure 27. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the solar noon and solar midnight by the R/V Pisces. The straight 

grey line across the graph represents the mean of all values. The width of the green 

diamonds represents the n-value. The wider the diamond, the higher the n-value for that 

treatment. 
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Figure 28. A One-Way ANOVA analyzing the standard lengths (mm) of the genus 

Pristipomoides found between the solar noon and solar midnight by the R/V Pisces. The 

straight grey line across the graph represents the mean of all values. The width of the 

green diamonds represents the n-value. The wider the diamond, the higher the n-value for 

that treatment. 
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Figure 29.  A One-Way ANOVA analyzing the standard lengths (mm) of the genus 

Pristipomoides found between the fall and summer seasons by the R/V Pisces. The 

straight grey line across the graph represents the mean of all values. The width of the 

green diamonds represents the n-value. The wider the diamond, the higher the n-value for 

that treatment. 
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Figure 30. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the solar noon and solar midnight by the M/V Meg Skansi. The 

straight grey line across the graph represents the mean of all values. The width of the 

green diamonds represents the n-value. The wider the diamond, the higher the n-value for 

that treatment. 
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Figure 31. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the spring and summer seasons by the M/V Meg Skansi. The 

straight grey line across the graph represents the mean of all values. The width of the 

green diamonds represents the n-value. The wider the diamond, the higher the n-value for 

that treatment. 
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Figure 32. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the spring and summer seasons by both the M/V Meg Skansi and 

the DEEPEND cruise series. The straight grey line across the graph represents the mean 

of all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 33. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between the M/V Meg Skansi and DEEPEND cruise series. The straight 

grey line across the graph represents the mean of all values. The width of the green 

diamonds represents the n-value. The wider the diamond, the higher the n-value for that 

treatment. 
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Figure 34. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

serranids found between the M/V Meg Skansi and DEEPEND cruise series. The straight 

grey line across the graph represents the mean of all values. The width of the green 

diamonds represents the n-value. The wider the diamond, the higher the n-value for that 

treatment. 



112 

 
Figure 35. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

serranids found between the solar noon and solar midnight by the M/V Meg Skansi and 

DEEPEND cruise series. The straight grey line across the graph represents the mean of 

all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 36. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

serranids found between the spring and summer seasons by both the M/V Meg Skansi and 

the DEEPEND cruise series. The straight grey line across the graph represents the mean 

of all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 37. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

serranids found between the spring sampling season of the M/V Meg Skansi and the 

spring sampling season of the DEEPEND cruise series. The straight grey line across the 

graph represents the mean of all values. The width of the green diamonds represents the 

n-value. The wider the diamond, the higher the n-value for that treatment. 
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Figure 38. A One-Way ANOVA analyzing the standard lengths (mm) of the subfamily 

Anthiinae found between the solar noon and solar midnight by both the M/V Meg Skansi 

and DEEPEND. The straight grey line across the graph represents the mean of all values. 

The width of the green diamonds represents the n-value. The wider the diamond, the 

higher the n-value for that treatment. 
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Figure 39. A One-Way ANOVA analyzing the standard lengths (mm) of the subfamily 

Anthiinae found between the spring and summer seasons by both the M/V Meg Skansi 

and DEEPEND. The straight grey line across the graph represents the mean of all values. 

The width of the green diamonds represents the n-value. The wider the diamond, the 

higher the n-value for that treatment. 
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Figure 40. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

subfamily Anthiinae between solar noon and solar midnight by the M/V Meg Skansi and 

DEEPEND cruise series. The straight grey line across the graph represents the mean of 

all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 41. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) of 

lutjanids found between solar noon and solar midnight by the M/V Meg Skansi and 

DEEPEND cruise series. The straight grey line across the graph represents the mean of 

all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 42. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) 

between lutjanids and serranids collected by the M/V Meg Skansi and DEEPEND cruise 

series. The straight grey line across the graph represents the mean of all values. The 

width of the green diamonds represents the n-value. The wider the diamond, the higher 

the n-value for that treatment. 
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Figure 43. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) 

between lutjanids and serranids during solar noon collected by the M/V Meg Skansi and 

DEEPEND cruise series. The straight grey line across the graph represents the mean of 

all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 44. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) 

between lutjanids and serranids during solar midnight collected by the M/V Meg Skansi 

and DEEPEND cruise series. The straight grey line across the graph represents the mean 

of all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 45. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) 

between lutjanids and serranids during the summer season collected by the M/V Meg 

Skansi and DEEPEND cruise series. The straight grey line across the graph represents the 

mean of all values. The width of the green diamonds represents the n-value. The wider 

the diamond, the higher the n-value for that treatment. 
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Figure 46. A One-Way ANOVA analyzing the standardized density (No.x10

-6
m

-3
) 

between lutjanids and serranids during the spring season collected by the M/V Meg 

Skansi and DEEPEND cruise series. The straight grey line across the graph represents the 

mean of all values. The width of the green diamonds represents the n-value. The wider 

the diamond, the higher the n-value for that treatment. 
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Figure 47. A One-Way ANOVA analyzing the standard lengths (mm) between lutjanids 

and serranids during solar noon collected by the M/V Meg Skansi and DEEPEND cruise 

series. The straight grey line across the graph represents the mean of all values. The 

width of the green diamonds represents the n-value. The wider the diamond, the higher 

the n-value for that treatment. 
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Figure 48. A One-Way ANOVA analyzing the standard lengths (mm) between lutjanids 

and serranids during solar midnight collected by the M/V Meg Skansi and DEEPEND 

cruise series. The straight grey line across the graph represents the mean of all values. 

The width of the green diamonds represents the n-value. The wider the diamond, the 

higher the n-value for that treatment. 
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Figure 49. A One-Way ANOVA analyzing the standard lengths (mm) between lutjanids 

and serranids during the summer season collected by the M/V Meg Skansi and 

DEEPEND cruise series. The straight grey line across the graph represents the mean of 

all values. The width of the green diamonds represents the n-value. The wider the 

diamond, the higher the n-value for that treatment. 
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Figure 50. A One-Way ANOVA analyzing the standard lengths (mm) between lutjanids 

and serranids during the spring season collected by the M/V Meg Skansi and DEEPEND 

cruise series. The straight grey line across the graph represents the mean of all values. 

The width of the green diamonds represents the n-value. The wider the diamond, the 

higher the n-value for that treatment. 
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