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ABSTRACT 

Author:  Andrew Pressly 

Title:  An Investigation Into The Nursery Effect Of Select Reef Fishes 
Along The Southern Florida Coast 

Institution:  Florida Atlantic University 

Thesis Advisor:  Dr. Tobin Hindle 

Degree:  Master of Science 

Year:  2020 

 The nursery effect is a process where juvenile fish utilize coastal habitats to help 

them survive before moving to their adult habitat. This process establishes an important 

link between marine ecosystems. This study examines the nursery effect and nursery 

habitat utilization in the Indian River Lagoon and Florida Bay systems, and the coral 

reefs adjacent to them. Quantitative and spatial techniques were utilized to identify 

patterns of presence and abundance and the size structure of select fish species. Spatial 

analyses were also used to investigate distribution patterns.  

Findings from this study suggest that several species utilize to a high degree the 

Indian River Lagoon and Florida Bay as nurseries. Furthermore, the abundance of adults 

on coral reefs is strongly connected to the presence of nurseries. This study has 

implications in fisheries management such as locating where juveniles of species 

develop. With such knowledge, better management plans could be implemented to ensure 

healthy fish stocks. 
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1 INTRODUCTION

Globally, coastal habitats are increasingly threatened by coastal development. 

Development can result in decreased water quality, changes to water chemistry, and 

habitat loss which can all affect the health of coastal habitats. Moreover, coral reefs 

depend on coastal habitats for development of many species of fish (Valiela et al. 2001; 

Collier et. al. 2008). Studies show when habitats are altered or degraded by natural or 

anthropogenic disturbances, dramatic changes can occur to nearby habitats (Valiela et al. 

2001; Carlson et al. 2018). This is an important issue as Florida is home to the third 

largest reef tract in the world (Walker & Gilliam 2013) and large areas of costal habitat. 

Mangrove and seagrass beds are two coastal habitats that are critical to coral reef 

ecosystems (Valiela et al. 2001). Mangroves and seagrass beds not only improve water 

quality, clarity, and remove pollutants from the water, but also act as important nursery 

grounds for coral reef fishes (Valiela et al. 2001). Nursery habitats are critical in marine 

ecosystems because they provide juveniles a habitat where they are more like to survive 

to maturity. When healthy, these coastal nursery habitats help reduce predation and 

fishing pressures on species that utilize them. However, in Florida, the removal and 

degradation of mangrove forests and seagrass beds has greatly reduced critical habitat for 

many juvenile fish species (Carlson et al. 2018). The goal of this research is to examine 

the importance of coastal habitats as nurseries, determine how the selected coral reef fish 

populations utilize mangroves and seagrass beds, and determine the effects these habitats 

have on the selected species. Very few studies like this have been conducted in Florida at 
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either regional or local scales. Furthermore, the relationship between coastal habitats and 

coral reefs fish species may help in the management of coral reefs, coastal habitats, and 

important fisheries species.   

1.1 BACKGROUND  

It is well known that natural and anthropogenic disturbances at all scales can have 

a direct impact on coral reef ecosystems. These effects are visible through widespread 

coral bleaching, mass mortality events, ocean acidification, as well as an increase in 

mechanical damage, pollution, and sedimentation (Ferrigno et. al. 2016). The 

deterioration of coral reefs can have dramatic effects to biodiversity, ecosystem structure, 

and even economically (Mumby et al. 2007). It is estimated that over 30% of reefs 

worldwide are severely damaged and that over 50% of reefs may be lost within the next 

2-3 decades (Hughes et al. 2003). Coral reefs in the Caribbean have been highly 

impacted, experiencing large macroalgal growths, loss of coral species, and overfishing 

(Mumby et al. 2007). Disturbances plaguing the coral reefs in the Caribbean have led to 

changes in community structure and composition of reefs, such as the loss of 

economically important fish species (Ferrigno et al. 2016). These issues are not isolated 

to Caribbean coral reefs; similar problems are taking place along Florida coral reefs 

(Collier et al. 2008). The Florida reef tract stretches from the Dry Tortugas in the 

southwest to Martin County, covering approximately 595 km of coastline making it the 

third largest reef tract in the world (Walker & Gilliam 2013) (figure 1). While most of the 

reef tract has been mapped there is still limited knowledge available in regard to the 

northern most reef communities (Walker & Gilliam 2013). 



 3 

 

Figure 1.1: The extent of the Florida reef tract (Yates 2019) 

Coastal ecosystems provide a variety of ecosystem services. For example, 

mangroves and seagrass beds provide nutrient cycling, sediment stabilization, and carbon 

sequestration (Cullen-Unsworth & Unsworth 2013). Moreover, mangroves and seagrass 

beds are also understood to be important nurseries for a variety of coastal and reef fish 

(Cullen-Unsworth & Unsworth 2013; Laegdsgaard 2001). If these habitats are lost it can 

result in reduced quality of coastal waters, reduced biodiversity, and potentially a release 

of stored carbon (Gilman et al. 2007). Anthropogenic disturbances are known to have 

direct effects on coastal ecosystems. However, the effects that these disturbances have on 

the high-value ecosystem services is less understood (Cullen-Unsworth & Unsworth 

2013). Juveniles of numerous fish species show a preference for mangroves and seagrass 

beds, which improve the overall stock of the species (Nagelkerken et al. 2002). High 

levels of habitat complexity within mangroves and seagrass beds makes them an 

attractive habitat to juvenile fish (Nagelkerken and Faunce 2008). Also, high habitat 
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complexity provides more areas for fish to hide and escape from predators (Kimirei et al. 

2011). In areas like the Caribbean, juveniles take shelter from predators in mangroves 

during the day moving to seagrass beds at night to feed (Kimirei et al. 2011). Previous 

studies have shown that densities of fish that utilize nursery habitats on coral reefs are a 

function of nearby habitats that contain seagrass beds and mangroves (Nagelkerken et al. 

2002).  

Mangrove forests are found in a relatively narrow range. They grow in the fringe 

areas between land and sea, between the latitudes of 25o N and 30o S (Valiela et al. 

2001). These are complex habitats with complex ecosystem dynamics, food webs, and 

nutrient cycles (Valiela et al. 2001). Like mangroves, seagrass beds are threatened 

worldwide. Every continent has experienced a decline in seagrass beds due to human 

actions and climate change (Carlson et al. 2018). Ocean warming caused by climate 

change can have a potentially lethal effect on seagrass, especially in tropical and 

subtropical locations (Carlson et al. 2018). Florida Bay seagrass beds are one of the 

locations most at risk for thermal stress due to the physical structure of the bay which can 

amplify ocean warming (Carlson et al. 2018). Along with the threat of climate change to 

seagrass beds, anthropogenic threats also pose a great risk to the density and diversity of 

coastal fish populations. Some of these anthropogenic threats include coastal 

development, land reclamation, destructive fishing practices, excess nutrients, and land 

run off (Gilman et al. 2008). These ecosystems are extremely important to both 

economically and biologically.  

A variety of fish species display the nursey effect. This is when fish utilize 

specific habitats as nurseries before moving to adult habitats, such as coral reefs (Verweij 
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et al. 2008). As juveniles, fish will primarily stay in estuaries or lagoons for protection 

and access to nutrients until they have grown to maturity (Verweij et al. 2008). Once 

maturity is reached fish will move into adjacent coral reefs habitats, occasionally moving 

back into estuaries and lagoons to spawn (Verweij et al. 2008). Reef fish assemblages 

have been shown to be significantly affected by the presence of mangroves and/or 

seagrass beds in close proximity (Kimirei et al. 2011; Nagelkerken 2009). While coastal 

habitats play an important role in the composition of reef fishes, not all seagrass beds and 

mangroves function as juvenile habitats (Kimirei et al. 2011; Nagelkerken and van der 

Velde 2004). In many regions, coastlines have been highly developed. In Florida many 

historical mangrove sites have been removed. This has led to a very patchy network of 

seagrass beds and mangroves along Florida’s coastline.  

Florida has several species of economically important fish that utilize mangrove 

forests and seagrass beds as nursery habitats including snapper, grunt, and barracuda 

(Faunce & Serafy 2008). Many fish such as these undergo several life stages, including a 

larval phase, a benthic juvenile phase, and a benthic adult phase (Faunce & Serafy 2008). 

While their juvenile phase takes place in mangrove forests and seagrass beds, their adult 

phase is typically spent on reefs (Faunce & Serafy 2008). This movement pattern has 

been throughout the Caribbean through the use of underwater visual census techniques, 

and acoustic transmitters (Kimirei et al. 2011). However, there are few studies that have 

examined this pattern in Florida. Some studies investigating the ontogenetic movement 

patterns of these fish have taken place, but they have typically been confined to the 

Biscayne Bay area (Serafy et al. 2003; Serafy et al. 2007; Faunce & Serafy 2008; Jones et 

al. 2010). Coastal areas along the northern extent of the Florida reef tract, such as the 
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Southern IRL, and Lake Worth Lagoon have had very few if any studies of this nature 

done.  

The purpose of this study is to examine the nursery effect by investigating the 

relationship of mangroves and seagrass habitats to the abundance and population 

structure of specific coral reef fish species throughout the Florida reef tract. This will be 

accomplished through the following objectives: determine fish presence and abundance 

of species along selected reef systems and coastal sites, examine and compare size 

structures of selected fish species in defined coastal and offshore habitats, spatially 

examine the size patterns observed for each species as it correlates to other individuals of 

the species and seagrass, mangrove, and inlet proximity. .
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2 LITERATURE REVIEW

2.1 FISH PRESENCE AND ABUNDANCE 

 While the present study does not explicitly focus on how nursery grounds affect 

the abundance of fish on coral reefs, it is an idea that is directly related to this study. The 

study in this paper uses fish abundance, density, and occurrence as a metric when 

determining if a particular species of fish is utilizing coastal habitats in Florida as 

nurseries. It is important to understand that this is not a new concept and it has been 

investigated several times in different regions around the world. Many of these have 

concluded that there are numerous species of fish that utilize nursery habitats to support 

adult populations on coral reefs. One such study was conducted by Ivan Nagelkerken, a 

marine ecologist who studies habitat connectivity. He has written dozens of papers on the 

function of nursery habitats and their connection to reef systems and has been cited over 

5500 times since 2013. In Nagelkerken’s 2002 study he wanted to determine how the 

presence of mangroves and seagrasses influenced the densities of specific fish species as 

adults on coral reefs. Nagalkerken et al. conducted this research in the Caribbean, 

specifically the Netherlands Antilles islands (2002). In this study two types of habitats 

were used, island bays with nursery habitats (mangroves and seagrasses) and islands that 

lacked bays and nursery habitats (2002). The purpose of Nagalkerken et al. (2002) was to 

determine how the presence or absence of nurseries affects fish abundance. 

  To determine how the presence of nursery habitats effects the densities of fish, 

Nagalkerken et al. conducted fish counts of 17 species of coral reef fish that use 
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mangrove and seagrass beds as nursery habitats (2002). After site surveys were 

conducted the densities of fish species were compared between geographically close 

islands using a Mann-Whitney U test, or nested ANOVA when the data was normally 

distributed, similar to the present study. Nagalkerken et. al. (2002) showed the significant 

importance of mangroves and seagrass beds as nursery habitats and can be used as a 

comparison in our study when investigating changes in different regions. In the absence 

of nurseries, adults of H. sciurus, L. apodus, O. chrysurus, and S. iserti showed 

significantly lower densities on reefs for 2 - 3 sets of islands (Nagalkerken et al. 2002). 

This result suggests that, in this region, these species have a strong dependence on the 

presence of healthy nursery habitats. With healthy nurseries present there is greater 

species density on adjacent reefs supporting the hypothesis that some of these fish species 

undergo an ontogenetic shift.  

 The methodology used to determine whether or not the abundance of a species is 

impacted by the presence of a nursery site can vary greatly. One study that focused on 

nursery grounds and fish populations was conducted by Verweij et al. (2008) and utilized 

much different methodology than the present study. Focusing primarily on Ocyurus 

chrysurus (yellowtail snapper), the study conducted by Verweij et al. provided strong 

evidence that seagrass beds act as nurseries by acting as a source of fish to adult 

populations on coral reefs (2008). Verweij’s study utilized stable isotope analysis to trace 

fish life histories to determine where, and in what habitats, this species had lived 

throughout its life and found that there was a significant amount of habitat connectivity 

between seagrass beds and coral reefs for this species (2008). The findings of Verweij et 

al. support a key concept of the present study: seagrass beds function as nurseries and 
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help support adult populations on coral reefs. While the present study did not use isotope 

analysis, but instead relied on counts similar to Nagalkerken et. al. (2002), the findings of 

Verweij et al. (2008) lend credence to the purpose of the study  

2.2 ANALYZING SIZE PATTERNS AND SHIFTS 

 The majority of the present study focuses on the patterns and shifts of sizes seen 

in fish populations living in coastal nurseries and offshore adult habitats, specifically 

coral reefs. The ability to measure fish, determine whether or not they have reached 

maturity, and accurately compare findings to different sites is critical to this study. This 

technique is not a novel concept and several studies have taken place that have 

investigated how fish sizes change depending on the area. In 2002, Faunce et al. 

investigated the changing size structure of grey snapper within no–take sanctuaries. This 

study took place in the southern portion of Biscayne Bay and found that individuals 

living within one of the no-take zones were a larger size on average than those that lived 

elsewhere. While the Faunce et al. (2002) study compared lengths of fish living in no-

take zones to fish that do not and the present study compares lengths between several 

coastal and reef sites, they both utilize similar methodology. Faunce et al. uses pairwise 

comparisons, specifically chi-squared, to compare the length of fish inside and outside 

no-take zones, while the present study uses pairwise comparisons to compare the lengths 

of fish between coastal and offshore sites. 

 The present paper uses fish length as a metric to determine whether or not the fish 

has reached maturity. Typically, determining whether or not a species has reached 

maturity involves investigating the gonads to determine whether or not the fish is 

producing gametes (Gillanders et al. 1999). Examination of the gonads will produce a 
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more definitive answer as to whether or not the fish has reached maturity, but it also takes 

time and expertise. These, and other, factors make gonad analysis difficult when working 

with a large volume of fish. One suitable alternative is to use the length of the fish to 

determine whether or not it has reached maturity. While this technique can save time 

when compared to more traditional methods, it can also be less precise due to the fact that 

not all individuals of a species reach maturity at the same size. However, this technique 

can still be applicable depending on the size of the survey and what is being investigated. 

One study that used size as a metric for maturity was conducted by Serafy et al. (2007).  

 In his study, Serafy et al. investigated seasonal patterns in fish size and abundance 

along mangrove shorelines in Biscayne Bay Fl (2007). When analyzing the sizes of fish, 

Serafy et al. utilized length frequency distributions using the methodology described in 

Meester et al. (1999). The length frequencies were used to compare and contrast size 

compositions between various sites and to infer the life stages of the population. Using 

the minimum size of maturity for each species of interest, Serafy et al. (2007) was able to 

determine what percentage of the population was of a mature or immature size and how 

that changed depending on the season and habitat. Serafy et al. found that, within 

Biscayne Bay, mature and immature grey snapper were seen in about the same 

abundances (47% immature), the great barracuda population was dominated by immature 

individuals (89%), and that 95% of the goldspotted killifish were mature. (2007) 

Furthermore, Serafy et al. also found that the population and abundance of these species 

shift dependent on the season, with grey snapper and great barracuda having elevated 

occurrence during the wet season and the former also displayed an increase in 

concentration when moving from north to south (2007). While the present study does not 
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investigate season differences due to the sampling regime, it does look at the impact of 

latitudinal differences, specifically between the IRL and Florida Bay. 

2.3 SPATIAL ANALYSIS AND HABITAT PREFERENCE 

  Spatial analysis can be a vital tool used when examining data. Spatial tests can 

allow researchers to determine the habitat preferences of a species at various life stages, 

determine the movement patterns of a species, form models to predict changes in the 

population, and much more. The present study utilizes spatial analysis to study how 

species cluster and to determine whether or not there is any way to predict a 

characteristic, like fish size based on another variable such as distance from mangrove, 

inlet, or seagrass.  

 Spatial analyses have been used in studies to investigate the movement and 

behavior of juvenile and mature fish. One such study was conducted by Huijbers et al. 

(2015) who investigated the movement patterns of Lutjanus apodus within nursery 

habitats and adult reef habitats. This study took place in Spanish Water Bay on the Island 

of Curaçao, located in the southern area of the Caribbean. While the previously 

mentioned studies relied on counts, surveys, and visual census’, Huijbers et. al. used a 

direct measuring methodology to measure the movement of fish (2015). Huijbers et al. 

captured schoolmaster and surgically inserted a small acoustic transmitter into the 

abdomen in order to track individual fish movement in the channel of Spanish Water Bay 

and the adjacent coral reef (2015). A liner regression was then used to determine the 

effect of the size of fish on their movements, their detection span, how many days the fish 

were detected, the total number of detections, and maximum distance from home 

receiver. Huijebers et. al. showed that, in this location, only the largest and oldest 
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schoolmasters would travel to the adjacent coral reef habitat (2015). Furthermore, this 

investigation shows that individuals of the same species are utilizing different habitats 

based on their size, supporting the idea that some fish species may experience an 

ontogenetic habitat shift at a certain age and size. The study conducted by Huijebers et al. 

(2015) provides valuable insights on the movement patterns and habitat preferences of 

this snapper species. While the present study does not track the movement of fish, it is 

investigating how length influences where a particular fish species is most likely found.  

 Spatial analyses have also been used when studying reef fish. Kimeri et al. (2011) 

used similar methodology in their study into the spatio-temporal variation in habitat use 

of four species of fish. This investigation took place in Tanzania and relied on visual 

censuses to survey fish. For each species, habitat, season, year, and location, the relative 

densities of juveniles and adults were analyzed using a factorial ANOVA. The data was 

then tested for homogeneity of variance using Levene’s test. To compare the mean values 

a Tukey HSD, post hoc test was used. (Kimirei et. al. 2011). Kimirei et al. found that four 

of the species of fish showed a distribution pattern that suggests an ontogenetic habitat 

shift from shallow nurseries to deep reef habitats (2011).  Juveniles were primarily found 

in shallow habitats, while adults were found in highest densities in deep water habitats. 

This study shows how habitat preference can be influenced by the presence/absence of 

particular habitats and that species may show preference for a habitat based on their age 

or size.
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3 SPECIES SELECTION AND LIFE HISTORY

 A variety of fish species were selected to be investigated in this study. These fish 

can be separated taxonomically into 3 families: Haemulidae (grunts), Lutjanidae 

(snappers), and Sphyraenidae (barracudas). These families of fish were selected for a 

number of reasons: (1) previous studies have found that they show some level of 

dependence on the presence of nursery grounds; (2) are some of the most abundant 

families of fish in Florida waters; (3) are economically important (i.e. snappers and 

barracuda); (4) as a whole the group spans multiple trophic levels. 

3.1 GRUNTS  

One of the major families of interest in this study are the grunts (Haemulidae). 

Grunts are a commercially important group of fish found throughout the Caribbean and 

along the coast of Florida. Ecologically, grunts link a variety of habitats throughout their 

lives including coral reefs, soft bottom habitats, and seagrass beds (Burke, 2009). Grunts 

begin their lives as planktonic larva that are carried and dispersed by ocean currents. 

While the exact length of the planktonic stage is not known, their presence in areas such 

as Bermuda suggests they have a long larval stage or the ability to extend their larval 

stage long enough to find a suitable habitat (Munro, 1973). As juveniles, individuals have 

been found to live at depths ranging from 2 – 25 meters in a range of habitats (Munro, 

1973). Reefs, sand flats, Thalassia beds, and mangrove roots are common habitats where 

juvenile grunts may be found. At this stage of life juvenile grunts are diurnal planktivors, 

feeding primarily on planktonic copepods (Munro,1973). Many studies in the Caribbean 



 14 

have shown that most young species of grunt can be found schooling on nursery grounds. 

As individuals grow and approach the adult stage, they begin to shift their feeding 

methods. Grunts approaching maturity will shift to nocturnal benthic feeding typically on 

adjacent sand flats (Munro, 1973).  Once maturity is reached grunts will move to their 

adult habitat where they school during the day and disperse at dusk to feed.  

In this study three species of grunt are investigated: Haemulon plumierii (White 

grunt), Haemulon parra (Sailors grunt), Haemulon sciurus (Blue striped grunt). Each of 

these species has been documented in coastal areas that are typically thought of as 

nursery sites (Nagelkerken et al., 2001; Lindman, 1997). While these species share many 

similarities, they each show different habitat preferences as adults as well as unique 

growth rates. Male H. plumierii reaches maturity at about 16.6 cm SL (20 cm FL) while 

females reach maturity at the slightly larger size of 19 cm SL (22 cm FL) (Munro, 1973; 

Froese and Pauly 2000). Adult H. plumierii tend to be solitary or school in small groups 

along the reef crest or along the top of a drop off during the day. At night they are most 

commonly found in grass flats or rubble. Unlike H. plumierii, H. parra schools in much 

larger groups often around rubble and rocks near coral formations. At night these schools 

disperse to sandy areas near their diurnal habitat (Munro, 1973). This species of grunt 

reaches maturity at about 16.2 cm SL (18 cm FL). The final grunt investigated was H. 

sciurus. During the day this species can be found schooling around coral stacks and patch 

reefs. At night this species moves deeper in the water column and feeds around sand and 

rubble, grass, or rocky substrate. H. sciurus reaches maturity at a length of 16.2 cm SL 

(20.5 cm FL) (Froese and Pauly, 2000). 
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3.2 SNAPPERS  

The second major family investigated in this study was Lutjanidae which consists 

of snapper species. Three species of snapper were investigated in this study, Lutjanus 

analis, Lutjanus griseus, and Lutjanus synagris. Snappers are largely considered a 

tropical family. However, in the west Atlantic Snappers have been found as far north as 

Massachusetts and as far south as Brazil (Munro, 1974; Allen, 1985). Snappers can be 

found living in a range of habitats including inshore grass beds, mangrove forests, 

estuaries, lagoons, and offshore reefs (Allen, 1985). Some species of snapper have also 

been found in freshwater habitats such as rivers (Allen, 1985). Historical studies in the 

western Atlantic have shown that most, if not all, species of juvenile Lutjanidae are most 

often found in waters that are shallower than the species average, while the adults are 

found at depths deeper than the average (Munro 1974, Allen, 1985). This vertical 

stratification is typically demonstrated by juvenile snappers occupying shallow coastal 

sites while mature snappers tend to occupy deeper offshore reefs.   

 Most species of snapper are considered to be medium (30 – 60 cm) to large (> 60 

cm) fishes with some growing to sizes over 100 cm. Until recently snappers where 

typically thought of as fast growing, short lived (< 11 years) fishes with high rates of 

natural mortality (Newman 1996). However, more recent studies have shown that in 

many species of snappers, individuals can live up to 53 years, have slow growth rates, 

and low natural mortality rates (Newman 2000, Munro 1974).  

Similar to the grunt species investigated in this study, snappers are gonochoristic 

and dioecious. This means individuals are one of two distinct sexes and remain that sex 

for the entirety of their lives (Munro 1974). Upon reaching maturity many species of 
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coastal lutjanids exhibit some level of migration to offshore habitats where they form 

large spawning aggregations at specific times of the year (Allen, 1985). A number of the 

snapper species investigated in this study have shown this migration pattern. Both mutton 

snappers (L. analis) and grey snapper (L. griseus) have been documented multiple times 

forming large spawning aggregations in the Atlantic (Bortone and Williams 1986; 

Domeier et al. 1996; Domeier and Colin 1997; and Dahlgren et al. 2001). Both species 

migrate from there near shore habitats, where they tend to live in solitary or in small 

schools, to offshore spawning areas where they form schools of up to several hundred 

individuals (Domeier et al. 1996; Domeier and Colin 1997). The most local of these 

aggregations take place off the coast of Dry Tortugas and south Florida at locations near 

steep drop offs (Domeier et al. 1996). The lane snapper (L. synagris), another species 

under investigation, has also been seen to form large spawning aggregations. Off the 

coast of Cuba scientists have documented aggregations of hundreds of lane snappers 

spawning at a depth of 30 – 40 m (Bortone & Williams 1986).  

Eggs of Lutjanids are pelagic, round, and range in size from .065 – 1.02 mm 

depending on the species (Leis 1987). Again, depending or the species as well as the 

surrounding water temperatures, snapper eggs will typically hatch within 17 – 36 hours 

post fertilization (Leis 1987). Hatched snapper larvae are less than 2mm in length and 

have very limited swimming ability (Allen 1985). The planktonic larval stage of snappers 

can be relatively short but typically lasts for 25 – 47 days until they reach between 12 – 

20 mm (depending on species) (Munro 1974; Leis 1987; Lindeman et al. 2001). Upon 

completion of their pelagic larval stage snappers have typically settled in their nursery 

grounds and are considered to be juveniles. Settled juveniles tend to live in their nursery 
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grounds for 2 – 4 years until they reach maturity. Once maturity is reached, snappers will 

move to their adult habitat and join the adult population. Typically, these habitats are on 

adjacent reefs. Within the adult reef habitats, snappers have evolved to thrive in particular 

niches which helps to reduce interspecies competition for resources such as food and 

shelter (Munro 1974).  

The snappers reviewed in this study all reach maturity at different sizes and ages.  

Lutjanus analis (mutton snapper) can reach maturity by 24.5 cm (SL) at 4 years of age 

and can grow to 94 cm in length (Allen 1985). Lutjanus griseus (grey snapper) can reach 

maturity by the age of 4 at size around 19.7 cm (SL). As adults they can reach sizes as 

long as 90 cm (Allen 1985). Lutjanus synagris (lane snapper) can reach maturity at sizes 

as small as 17.4 cm (SL) by the age of 2.4 and grow to a max size of 60 cm (Allen 1985). 

3.3 BARRACUDA 

 The final fish investigated in this study was Sphyraena barracuda (great 

barracuda). Great barracuda are found in tropical and subtropical oceans all over the 

world, they are a predatory fish found in many coastal and near shore habitats. In these 

habitats they are considered an apex predator (O’Toole et al. 2011). The great barracuda 

is the largest species within genus Sphyraena and can be found from Cape Cod, 

Massachusetts to south eastern Brazil. However, it is most common around south Florida 

and the Caribbean. Overall, there is a lack of knowledge surrounding many aspects of the 

great barracuda’s biology, movement patterns, and natural history. Even with this lack of 

information great barracuda have been documented in a variety of habitat types, such as 

tidal flats, nearshore reefs, seagrass beds, and pelagic environments (Paterson 1998, 

O’Toole et al. 2011). The largest of the species tend to be found in offshore habitats such 



 18 

as reefs, artificial structures, or rocky outcroppings, while smaller individuals tend to be 

found in mangroves and seagrass beds (Kadison et al. 2010). Barracudas are important 

predators within their habitats, throughout their life they are almost exclusively 

piscivorous and as such, have an important role in maintaining their ecosystem (Kadison 

et al. 2010, de Sylva 1963, Blaber, 1982).  

 The spawning of great barracuda takes place in the spring and summer months, 

between March and September, with peak late stage larva reaching nearshore waters from 

June to August (Kadison et al. 2010). Not much is known about barracuda spawning, 

larval development, and dispersal with the most in depth study released by de Sylva 

(1963). Based off of de Sylva’s (1963) work in south Florida, great barracuda larvae are 

believed to develop offshore in the Florida current. Research and observations have also 

shown that once barracuda larva have settled, they grow at an extremely rapid pace (de 

Sylva 1963). Within their first year after settlement, a juvenile barracuda will on average 

grow to a size of 37.8 cm fork length (FL) and individuals can reach sexual maturity as 

early as 1 – 2 years in males and 3 – 4 years in females (de Sylva 1963). These young 

juveniles may form loose aggregations within seagrass beds especially during times of 

feeding (de Sylva 1963). Once they have reached 3 – 4 cm in length some will move 

from seagrass beds into mangrove forests. They will remain in these areas until reaching 

about 50 cm in length at which point, they will move to their adult habitat on coral reefs. 

 S. barracuda reach sexual maturity at about 60 cm SL and can grow to a max size 

of 200 cm. Upon reaching maturity great barracuda will often move away from nearshore 

habitats and onto coral reefs or artificial structures (Kadison et al. 2010). De Sylva found 

that large adults were rarely seen in shallow coastal waters and that individuals more than 
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3 feet in length were usually solitary and found on reefs and other offshore habitats 

(1963). Unlike juvenile barracudas, the adults do not aggregate, and it is rare to see a 

group of three or more individuals together (de Sylva 1963). In the Florida Keys great 

barracuda show a preference for the more open areas of coral reefs as they are often seen 

hovering just off the bottom or near the surface of the water (de Sylva 1963). 
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4 METHODS

4.1 STUDY AREA 

Florida’s coastline contains many distinct habitats that include coastal urban 

areas, large beaches, patchy mangrove forests and seagrass beds, and large areas 

dominated by mangroves and seagrass beds. Two regions are under investigation in this 

study. The region encompassing southern portion of the Indian River Lagoon (IRL) and 

the northern extent of the Florida reef tract, and the region that includes Florida Bay and 

the Florida Keys.  

The IRL is a shallow estuarine habitat that stretches 253 km (Gilmore et al. 1981; 

Swain et al. 1995). It extends from a latitude of 29 o 05’ N to 26 o 58’ N. Both the 

northern and southern extent of the lagoon are defined by an inlet, Ponce de Leon Inlet in 

Volusia County to the north and Jupiter Inlet in Palm Beach County to the south 

(Gilmore et al. 1981). Three interconnected bodies of water make up the IRL: Banana 

River, Mosquito Lagoon, and the Indian River. Barrier islands form the eastern boundary 

of the lagoon which have several artificial inlets that are of various sizes and depths, they 

include Jupiter, Sebastian, Fort Pierce, and the St. Lucie Inlet (Swain et al. 1995; Gilmore 

et al. 1981). The average depth of the lagoon is about 1.5 m with the deepest sections of 

the lagoon being dredged channels and harbors (Gilmore et al. 1981). Several rivers and 

canals flow into the lagoon bringing both nutrients and pollutants. The St. Lucie River 
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and related canals drain overflow from lake Okeechobee and surrounding marshes, the 

Loxahatchee River also drains into the lagoon. 

The IRL is unique as it straddles both the cooler more temperate northern climate 

and the warmer subtropical climate to the south. It is this feature that is responsible for 

the high level of biodiversity that is found within the lagoon (Swain et al. 1995). Because 

the IRL lies within this transitional zone, both temperate and subtropical flora and fauna 

are present in the lagoon and form very unique communities and species assemblages. 

There are a number of distinct habitats that are found within the lagoon, which includes 

seagrass flats, salt marshes, and mangrove forests. Each of these habitats function as 

spawning and/or nursery grounds for many species of estuarine and marine fish.  

The southern portion of the IRL stretches from Fort Pierce Inlet in the north to 

Jupiter Inlet in the south. The southern portion of the lagoon is more heavily focused on 

in this study because the ichthyofauna in that region of the lagoon is more similar to the 

species of fish that are found in the Caribbean and in southern Florida. Furthermore, the 

southern portion of the IRL has the most direct access to the Florida reef tract (Gilmore et 

al, 1981).   

While the IRL is a critically important ecosystem and a nationally recognized 

estuary, it has been greatly altered over the past century by multiple anthropogenic 

influences and natural disturbances (Fradkin 2019). Many of these changes have led to 

adverse impacts to the lagoon and its ecosystem. For example, in the southern portion of 

the lagoon there has been numerous large discharges of fresh water from lake 

Okeechobee, as well as large blooms of green algae (Fradkin 2019). The northern portion 

of the lagoon has also experienced blooms of brown algae and had significant seagrass 
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loss (Fradkin 2019). Despite these factors, fish populations in the IRL have remained 

relatively resilient and some vulnerable species have even managed to recover from these 

shifting environmental conditions (Fradkin 2019; Paperno et al. 2006).  

The second coastal area of interest in this study is the Florida Bay. Florida Bay is 

another large estuarine habitat in southern Florida, west of Biscayne Bay. To the north it 

is bounded by mainland Florida, and the Florida Keys form the barrier to the east and 

south. The west side of the bay opens up into the Gulf of Mexico. Because Florida Bay is 

so open the exact boundaries are difficult to define. Some restrict the extent of the bay to 

the shallow areas east of the Everglades National Park boundary, while others consider 

all the areas north of the Florida Keys to make up the bay. In this study, Florida Bay is 

considered to be the region east of the Everglades National Park boundary. This region is 

relatively shallow (< 3 m) and is dominated by mud flats and seagrass beds. 

Florida bay covers an area of about 2000 km2. Of that area over 75% is dominated 

by seagrass habitats consisting primarily of Thalassia testudinum (Zieman et al. 1989, 

Fourqurean and Robblee 1999). There have been over 250 species of fish recorded within 

Florida Bay, most of which have been a mixture of Antillean, Carolinean, and Gulf of 

Mexico species (Fourqurean and Robblee 1999). Like the IRL, Florida Bay often has 

fluctuating environmental conditions. This coupled with the lack of suitable habitat has 

restricted tropical fish present on the Atlantic side of the Florida Keys from establishing 

themselves within the bay (Fourqurean and Robblee 1999). 

Historically, conditions in Florida Bay have been affected by increased 

engineered land and water use practices (Herbert et al. 2011). Canals and levees built in 

and around the Everglades to prevent flooding and increase habitable land have altered 
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the inflow of fresh water, nutrient loads of the bay, and have increased the salinity in the 

northern and eastern regions of Florida Bay (Herbert et al. 2011). These salinity changes 

can lead to reorganization of the community, leading to changes in fish densities and 

species compositions (Herbert et al. 2011). Furthermore, changes to salinity due to 

changes in freshwater influx can alter species compositions within the mangrove forests 

that often mark the edge of the bay (Ley et al. 1999). Despite these changes, Florida Bay 

is a critically important nursery ground and supports one of the largest fisheries in South 

Florida. Many important recreational and commercial fish species, such as snapper, 

depend on the bay for survival whether as a nursery ground, for spawning, or for food 

(Fourqurean and Robblee 1999). Both seagrass beds and fringing mangrove forests 

within Florida Bay support and harbor high densities of diverse fish. 

The Florida reef tract contains the reef habitats that this study will be 

investigating. This reef tract runs adjacent to about 595 km of coastline and supports a 

lucrative tourism and fishing industry (Walker & Gilliam 2013; Ault et al. 2005). The 

northern extent of the tract lies off the coast of Martin county at approximately 27.25o N 

and continues south for 215 km before turning southeast for 245 km, at approximately 

25.5o N (Walker & Gilliam 2013). The areas this study focuses on are the region of the 

Florida reef tract that lies north of 26.1q latitude and the region of the Florida Keys 

between -80.90 and -80.25q longitude. While both the Florida Keys and SE Florida reefs 

have similar fauna their community structure is much different (Moyer et al. 2003). In SE 

Florida reefs faunal species are dominated by porifera, followed by octocorals, and 

scleractinia (Banks et al. 2008). Furthermore, SE Florida generally has lower macroalgae 

cover than the keys but may be more susceptible to blooms of cyanobacteria which have 
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covered large areas of reefs off the coast of Broward County (Banks et al. 2008). From 

Broward to Miami-Dade County over 350 fish species have been recorded but this is 

certainly an underestimation of the total species diversity (Banks et al. 2008). Overall the 

coral reef fish assemblages in SE Florida and the Florida Keys generally resemble each 

other. In each location all major families are represented, including Haemulidae, 

Scaridae, Lutjanidae, and Sphyraenidae (Banks et al. 2008). Although in the northern 

latitudes of the reef tract temperate fish are often observed during the winter months and 

do not typically reach the Florida Keys (Banks et al. 2008). 

Both of the regions described above are home to hundreds of species of fish and 

are critically important to not only from an ecological and environmental standpoint, but 

from an economic standpoint as well. These estuaries support some of the largest 

commercial and recreational fisheries in the state of Florida. They are also an important 

habitat when it comes to maintaining the health of coral reef species whether by 

functioning as a nursery for reef fish or by providing coral reefs extra nutrients and 

maintaining water quality to help offshore habitats thrive. 

4.2 DATA 

4.2.1 FIM Data 

Coastal data from the IRL and Florida Bay was collected using Florida’s Fisheries 

Independent Monitoring (FIM) program. FIM is a program that is headed by the Florida 

Fish and Wildlife Conservation Commission (FWCC). Through this program a team of 

scientists monitor various estuaries, bays, and harbors throughout Florida on a monthly 

basis. The purpose of the program is to monitor the abundance of fisheries in the major 

coastal and estuarine zones of Florida (Fisheries-Independent Monitoring Program 2013). 
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The FWCC states that the three main goals of the program are to: “address the critical 

need for effective assessment techniques for an array of species and sizes of fishes;  

provide timely information for use in management plans; and monitor trends in the 

relative abundance of taxa in a variety of estuarine and marine systems throughout 

Florida” (Fisheries-Independent Monitoring Program 2013). This is done through 

monthly monitoring conducted using a stratified-random sampling design (Fisheries-

Independent Monitoring Program 2013). 

The stratified-random sampling technique is used at all FIM sites. Using this technique 

study areas are divided into sampling zones; these zones are based on different 

geographical and logistical criteria (Fisheries-Independent Monitoring Program 2013). 

Zones were further divided into 1 -nm2 grids, these grids were then randomly selected for 

sampling (Fisheries-Independent Monitoring Program 2013). During this process gear 

type was limited depending on the habitat and depth of the randomly selected site. Survey 

equipment included a 21.3-m center bag seine (3.2 mm mesh, 68 m2 survey area) to target 

juvenile fishes in shallow water (≤1.8-m); a 6.1-m otter trawl (38.1 mm mesh, 1,130 m2 

survey area) to target juvenile and adult fish in deep water (1.0 – 7.6-m); and a 183-m 

haul seine (38.1 mm mesh, 4,120 m2 survey area) targeted sub-adult and adult fish along 

shorelines in water depths ≤2.5-m. At each site a single sample was collected (Fisheries-

Independent Monitoring Program 2013). 

The work up process was the same for each sample site. As part of the sampling 

process environmental data including water chemistry (temperature, salinity, turbidity, 

etc.), habitat characteristics (dominate substrate, distance to shore, percent coverage, 

etc.), currents, and tidal conditions were also recorded. All fish that were captured were 
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counted and identified down to the lowest taxonomic level and a random selection of 

individuals of each species present were measured. Fish species investigated in this study 

were measured using standard length (SL). All data was then compiled digitally for ease 

of organization and analysis. 

4.2.2 RVC Data 

Coral reef surveys were obtained through NOAA’s Southeast Fisheries Science 

Center. The Southeast Fisheries Science Center has been conducting fish surveys along 

the Florida Reef Tract since 1978 and sampling protocols have remined the same since 

1999. Sampling generally takes place every other year (2012 Sampling Report 2012), 

with the most recent available data collected in 2016. This program focuses on hard 

bottom reefs that range in depth from 1 – 30 m (2012 Sampling Report 2012). This reef 

survey uses a probabilistic sampling approach to visually assess the population and 

community metrics of reef fishes (Smith et al. 2011).  

The survey was originally used in resource management and focused on the 

southern portion of the reef tract which begins around Miami and continues to the Dry 

Tortugas (Smith et al. 2011). However, in 2013 the survey was extending to include the 

entirety of the Florida Reef Tract, extending up to Martin County. Over 1200 locations 

are sampled, with over 400 sample locations in the Dry Tortugas, over 400 along the 

Florida Keys, and over 300 sample locations from Martin county to Miami (2012 

Sampling Report 2012). Throughout the survey, geo-referenced environmental data such 

as bathymetry and benthic habitat characteristics were also analyzed using a geographic 

information system (GIS) in order to better partition the survey area (Smith et al. 2011).  
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Survey site location is determined through the analysis of several factors. The 

most important factor when determining where and how many sites to have on a reef is 

the complexity of the habitat. By nature, coral reefs are complex habitats. However, some 

reefs are naturally more complex than others. Coral reefs that are more complex often 

have a greater diversity of fish as well as higher fish densities. In order for the RVC to be 

as accurate as possible more samples and sites are located in the more complex coral 

reefs (2012 Sampling Report 2012). The goals of this program are to monitor the 

composition, occurrence, abundance, and the size of reef fish, and detect any trends that 

might be occurring, and to monitor the effectiveness of marine preserves and provide data 

to support fishery stock assessments (2012 Sampling Report 2012). 

The fish surveys utilized trained SCUBA divers to collect abundance and size 

data for each species viewed (Smith et al. 2011). The divers used an in-situ method of 

monitoring that is described in detail in Bohnsack and Bannerot (1986). With this 

technique, a diver would stay stationary and centered in a randomly selected 15 m 

diameter circular plot and visually collect fish data (Smith et al. 2011).   

While surveying the diver would record the species abundance as well as fork 

length measurements to the nearest cm. Depth, habitat features such as reef morphology, 

and topography (e.g. reef height) were also collected for each site. Data was collected 

throughout the entirety of the Florida Reef Tract however, in this study 2 regions were 

subdivided from the tract.  

4.3 ANALYSIS 

Before any data manipulation or analysis could take place, the appropriate data files 

were acquired from various online data bases. In some cases, authors and data managers 
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were contacted for additional information or to request permission for the use of their 

materials. Because the data came from many sources it had to be organized and 

subdivided into manageable sizes. 

 The first step in data analysis was to properly organize the fisheries data. This 

was done using R studio. First, data was subdivided based on location. FIM data from the 

IRL and Florida bay were separated. Each location was further subdivided to extract the 

species that were under investigation. Once the species of interest were extracted a 

specific data set containing species data was available for the IRL and Florida Bay. The 

species data was then merged with the physical and environmental data that corresponded 

to each survey location. Data from the Florida Reef tract was also organized in a similar 

manner. 

After organizing the data, the first objective was to determine the abundance and 

density of each species in each study area. This was done within R studio. The abundance 

of each species was determined for each year of the survey and then totaled to determine 

the abundance throughout the entire survey period. Once the abundance of each species 

was determined, their density per sample site when present was calculated. This was done 

by dividing the total abundance by the number of sites the species was found. Density 

calculations were done in this manner because it does a better job describing the 

schooling patterns and population structure. However, the limitation is that it does not 

take into account the area covered by the survey which may affect density. The average 

site densities per year were compared for each species in each study area using a one-way 

ANOVA or Kruskal-Wallis test. Lastly, the abundance and density of juvenile and 

mature sized individuals was determined for each species in each survey area. 
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The second objective was to analyze the size structure and patterns of each 

species in all study areas. This was done through the creation length distribution graphs 

followed by statistical tests to compare the average length of each species in each study 

area. Multiple length frequency graphs were created for each fish species. For the IRL 

survey data, plots were made for the years 2013 – 2017. A combined graph of all the 

years was also created. The same types of graphs were constructed for the Florida Bay 

data set. However, Florida Bay graphs only spanned the years 2006 – 2009 (the most 

recent years with data). Once these graphs were constructed a line representing the length 

at earliest maturity for each species was added to the appropriate graph.  The mean, 

standard deviation, and standard errors were also calculated for each graph. 

After the graphs for each region were constructed the length data for each species 

was checked for normalcy. If the data was normal, then an ANOVA was run to determine 

if there was any significant difference in the average length of individuals between each 

of the sampling years. Following the ANOVA, Levene’s test was used to check for 

homogeneity. If the data turned out to have significant differences, then Tukey's Honest 

Significant Difference test was used to determine which pairs of years were significantly 

different. If the data was not normal, then basic transformations were made in attempt to 

make it normal. If the data still remained non normal, then a Kruskal-Wallis test was 

preformed to determine if there were any significant differences in length between years. 

This was followed by the Fligner-Killeen Test of Homogeneity. If the findings from the 

Kruskal-Wallis test were significant Dunn’s test was performed using the Hochberg p 

adjustment to determine what years were significantly different. 
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Once the average lengths were compared for each species within each region, the 

average length measurements over the entire survey period for each species was 

compared between the IRL and Florida Bay to determine if they were significantly 

different in each region. For the remainder of this paper the average length over the entire 

survey period will be referred to as the total average length. If the data was normal a T-

test was used to compare the data. If the data was not normal and it was unable to be 

transformed a Mann-Whitney U test was performed. 

A similar process to the one above was used to analyze the data from the Florida 

Visual Reef Census however there were some minor alterations. Firstly, not all the fish 

counted were measured. Because of this, any individual fish that did not have a length 

measurement was removed from the graphs and the length-frequency analysis. Also, fish 

in these regions were measured based on fork length not standard length. Because of this 

fish lengths had to be converted from fork length into standard length. Despite these 

differences, graphs were constructed for each species each year a survey took place. The 

years being studied mirrored the years of study in adjacent coastal habitats: 2013 – 2017 

for the northern Florida reef tract (NFLRT) to the IRL and 2006 - 2009 for the Florida 

Keys. 

The third objective was to identify any spatial trends based on the length and 

distribution each species. This was done through the use of ArcGIS, a geographic 

information system. Which was used to process all spatial data. Within ArcGIS, maps 

were constructed for each species that displayed site locations, species abundance, and 

length. Along with species abundance and length, habitat and environmental data such as 

water chemistry and benthic composition was also included. After mapping each survey 
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location, all the inlets along the study area were located and mapped. Using ArcGIS’s 

proximity tools, the distances between each survey location and the closest inlet were 

determined. Kendall’s ranked correlation was then used to determine the strength of 

correlation between the two variables. After the correlation value had been determined 

linear regressions were calculated to determine whether or not there was any predictable 

relationship between size of the individual fish and distance from an inlet. This analysis 

was done with every species in each coastal region that had an abundance over 40 as well 

as with the corresponding species in each reef area. Only univariate regressions were 

performed in this study. However, future studies will investigate multivariate regressions 

and different response variables such as densities.   

Further examination was done involving mangrove habitats. A data set, managed 

by the Florida Fish and Wildlife Conservation Commission, representing all mangrove 

habitat in Florida was added to the map. Using the same proximity tools the distance 

from each coastal site and mangrove habitat was determined. The same univariate 

regressions were calculated to determine if there was any pattern or relationship between 

the size of a fish and the distance from mangroves. A similar analysis was done for 

seagrass beds using another data set from the Florida Fish and Wildlife Conservation 

Commission. The distance between each sample location and the closest seagrass bed 

were calculated and then Kendall’s ranked correlation and linear regressions were 

calculated to determine any relationship. 

After distance analyses were conducted a hot spot analysis was performed for 

each species that had been identified over 40 times within each region. A fixed band 

distance, that was automatically calculated in ArcGIS, was used for each species with an 
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abundance greater than 40. Hot spots analyses were run with the length of individuals as 

the primary analysis field. The length of each individuals of each species over the entire 

survey period was analyzed during this test. This test provides a spatial representation of 

the location of significant clusters of hot spots and cold spots. A hot spot indicates 

clustering of individuals of a longer length while a cold spot indicated the clustering of 

smaller sized individuals. This analysis was conducted separately for each appropriate 

species within the IRL, NFLRT, Florida Bay, and the Florida Keys. Once the hot spot 

analyses were performed, they were visually studied to determine whether any spatial 

patterns were present. 

As part of the hot spot analysis a Z score is given to each fish analyzed. This Z 

score indicates the strength and intensity of the clustering. Z scores with high positive 

values indicates clustering of longer individuals while Z scores with large negative values 

indicates clustering of shorter length individuals. The Z scores for each individual were 

extracted and related to other variables depending on the area. In the IRL, a t-test was run 

comparing the Z scores based on the presence or absence of seagrass at the site. Within 

Florida Bay Z scores were correlated to mangrove distance using Pearson’s correlation. 

Once this correlation was performed a linear regression was run between the same 

variables. In both the NFLRT and the Florida Keys correlations were run between Z 

score and the distance to the nearest inlet. Again, after the correlation a linear regression 

was run between the two variables. 

Lastly, a hot spot analysis was run for each appropriate species that included both the 

coastal and the reef site. One the hot spot analysis was performed the Z scores were 

extracted and a t-test was used to compare the Z-scores of the coastal and reef sites. This 
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was done to determine how species clustered over the region as a whole and to spatially 

confirm the results that were calculated from analyzing the length frequency 

distributions.
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5 RESULTS AND DISCUSSION

5.1 PRESENCE AND ABUNDANCE 

5.1.1 Indian River Lagoon 

In the IRL, over the 5 years that were investigated, 2,308 surveys were conducted. 

Of these surveys all species of interest were identified during at least once. The most 

abundant species were Sphyraena barracuda (1486 individuals), Lutjanus synagris (567 

individuals), Lutjanus analis (539 individuals), and Lutjanus griseus (1294 individuals). 

The remaining species of interest were present but at much lower abundances ranging 

from 128 individuals of Haemulon parra to 87 individuals of Haemulon plumierii. The 

yearly and total populations from each species can be seen in table 5.1. 

The average population per site, when species were present, was calculated for 

each species and was found to range from 5.78 L. synagris per site to 2.8 H. parra per 

site. The findings from these tests mirror past studies which have shown that in coastal 

areas, snappers and great barracuda often aggregate in small groups during the day before 

dispersing at night to feed (Munro 1974; de Sylva 1963). This strategy is believed to be a 

method to help reduce the risk of predation for each individual during the day when they 

are most vulnerable to predators (Munro, 1973; de Sylva, 1963). 
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Table 5.1: Species abundance within the IRL. Final column shows the mean abundance per site when 
species present 

Species Total  2013  2014  2015  2016  2017  Mean  
Haemulon 

parra 128 15 71 21 4 17 2.84r 2.62 

Haemulon 
plumierii 87 31 30 13 2 11 5.8r 7.14 

Haemulon 
sciurus 92 12 26 15 1 38 4.84r 5.91 

Lutjanus 
analis 539 133 138 122 85 61 3.18 r 3.02 

Lutjanus 
griseus 1294 145 258 325 281 285 3.66 r 8.61 

Lutjanus 
synagris 567 160 85 137 139 46 5.78 r 12.14 

Sphyraena 
barracuda 1486 187 411 372 246 270 3.07 r 3.82 

It is difficult to compare the abundances between years due to the sampling 

design. Because a stratified random sampling methodology is used, the same locations 

are rarely visited more than once and if they are it likely will not be during the same 

period of time. This makes assessing changes in yearly population challenging because 

sample sites may have been more favorable for a particular species one year than in the 

other years of study. In order to combat that problem, the average abundance of each 

species, at each site they were present, was calculated and compared based on the year. 

Site abundance fit a normal curve for H. plumierii, H. sciurus, and L. analis and were 

compared using a one-way ANOVA. All other species were compared using a Kruskall-

Wallis test. There was found to be no significant differences in the abundance of 

individuals at each sample location between all years of the study (Table 5.2). This means 

that while the total population of individuals per year may have changed over time, their 

abundance when present remained relatively stable. Further surveys and studies should be 

done to investigate these species and their long-term population changes. 
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Table 5.2: P-values for the mean abundance of species within the IRL 

Species p-values 

Haemulon parra 0.1234 

Haemulon plumierii 0.215 

Haemulon sciurus 0.92 

Lutjanus analis 0.207 

Lutjanus griseus 0.3393 

Lutjanus synagris 0.4908 

Sphyraena barracuda 0.1278 

5.1.2 Florida Bay 

Sample data from Florida Bay came from the last 4 years that the Bay was 

surveyed by FIM (2006 – 2009).  Over these 4 years, surveys were conducted at 1877 

locations throughout the eastern portion of Florida Bay. Over the time frame of this study 

all 7 species of interest were identified at least once within the bay. The most abundant 

species were Sphyraena barracuda (3745 individuals), Lutjanus griseus (1735 

individuals), Haemulon sciurus (313 individuals), and Haemulon parra (252 individuals). 

The remaining species of interest that were present were seen at much lower abundances, 

none of which numbered more than 10 individuals. The yearly, total, and mean 

populations for each species can be found in table 5.3. 

In Florida Bay the average abundance per site, was calculated for each species 

and was found to have ranged from 8.8 S. barracuda per site when present, to 1 L. 

synagris and L. analis per site when present. The average population when present for the 

most abundant species was more variable in Florida Bay than in IRL. S. barracuda 

averaged 8.87 individuals per site when present, H. sciurus averaged 8.02, H. parra 

averaged 8.12, and L. griseus averaged 4.54. These findings suggest that in Florida Bay 
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larger schools are formed than in the IRL, indicating that school size fluctuates depending 

on the site location. Furthermore, while the IRL was dominated by snappers and great 

barracuda, Florida Bay was dominated primarily by grunts and barracuda with only one 

dominate species of snapper present. 

Table 5.3: Species abundance within Florida Bay. Final column shows the mean abundance per site when 
species is present 

Species Total  2006 2007 2008 2009 Mean  
Haemulon 

parra 252 7 129 98 18 8.12 r 12.4 

Haemulon 
plumierii 7 7 0 0 0 2.33 

Haemulon 
sciurus 313 164 31 79 39 8.23 r 21.88 

Lutjanus 
analis 1 0 0 1 0 1 

Lutjanus 
griseus 1735 171 285 460 819 4.55 r 8.02 

Lutjanus 
synagris 4 0 1 0 3 1 

Sphyraena 
barracuda 3745 216 1688 1065 776 8.87 r 18.3 

The schooling pattern of grunts seen within Florida Bay was expected. Grunts, 

even more so than snapper, will often swim in medium to large schools during the day. 

This schooling strategy is seen in both juveniles and adults to help lessen the risk of 

predation for each individual (Lindeman 1997; Munro 1974). It is possible that the 

Florida Bay habitat promotes greater schooling behaviors within grunts than the IRL due 

to an increased threat of predation, differences in habitat structure, or differences in 

physical processes.   

One interesting finding comes from the lack of several species in Florida Bay that 

have been known to utilize coastal habitats during juvenile life stages. In Florida Bay 
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there was almost a total lack of snapper other than L. griseus. L. synagris and L. analis 

were dominate species in the IRL but were rarely found within Florida Bay. It is possible 

that the physical processes and structure of the IRL make it a more favorable habitat for 

juvenile snapper. Another possible explanation is that L. synagris and L. analis are 

utilizing a habitat within of Florida Bay that was sampled, such as deep within a 

mangrove forest. If this is the case, further research should be done to determine what 

habits are functioning as nurseries for these species. 

In Florida Bay there was found to be no significant difference in the average 

abundance of each species when present at a sample location between each survey year, 

with one exception (Table 5.4). S. barracuda in Florida Bay were found to have 

significant differences in site abundance between the 4 study years (p = 0.01632). When 

further analyzed there was found to be a slight significant difference between the years 

2006 and 2007 (p = 0.048). Comparisons between all other pairs of years showed no 

significant differences in the abundance. In 2006 S. barracuda were found at 45 

locations. The majority of these sites had 1 – 3 individuals, with only a handful having 5 

or more individuals (max abundance at 1 site = 69). In 2007 S. barracuda were identified 

in 147 locations. While many of these sites had 1 – 3 individuals the majority of sites had 

more than 5 individuals, with about 50 sites containing more that 10 individuals (max 

abundance at 1 site = 240). These differences lead to the 2007 survey to have an average 

abundance per site that was significantly different from the 2006 average (2006 mean = 

4.8 individuals; 2007 mean = 11.48 individuals).  

Because there were a few species that were found at low abundances, only the 

ones that were found at over 10 sites were analyzed and reported in table 5.4. L. synagris, 
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L. analis, and H. plumierii were present but comparisons were not made due to their low 

abundance and the increased the risk of error. Further surveys and studies should be done 

to investigate reason behind the lack of these and other species in Florida Bay, especially 

when compared to other coastal estuarine habitats. 

Table 5.4: Table 4: P-values for the mean abundance of species within Florida Bay 

Species p-values 

Haemulon parra 0.442 

Haemulon plumierii NA 

Haemulon sciurus 0.5534 

Lutjanus analis NA 

Lutjanus griseus 0.9273 

Lutjanus synagris NA 

Sphyraena barracuda 0.01632 

5.1.3 Northern Florida Reef Tract 

NFLRT survey data was collected over the same time period as the IRL with the 

exception of 2017. RVC data from 2017 had not been released at the time of this study. 

In this region, 1561 visual surveys were conducted. Throughout the Southeast Florida 

reef tract surveys, each species of interest was identified to varying degrees. Grunts were 

a fairly abundant group of species in the northern portion of the Florida reef tract, though 

not to the extent they were in the Florida Keys. The most abundant grunt was H. 

plumierii. This species was present in 30 – 45% of all sites and each site averaged about 4 

individuals. The remaining species of grunts were found at fairly low frequencies when 

compared to the Florida Keys. H. sciurus was present in only 10 – 20% of sites with an 

average abundance of 8. H. parra was the least abundant grunt species. It was only 

present in 8% of survey sites and averaged 5 individuals per site (table 5.5). The 
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abundances of H. parra and H. sciurus were much more variable than H. plumierii. A 

possible explanation for this finding is that within the NFLRT there are several suitable 

habitats for H. parra and H. sciurus. Some suitable habitats may support larger 

populations of these species while others support smaller populations. These habitat 

differences would cause the abundance of H. parra and H. sciurus to be more variable in 

the study area as a whole.  

Snapper abundance varied greatly depending on the species. L. analis was the 

most widespread snapper species as it was present in 22% of total sites. While this 

species was the most widespread is was not the most abundant. When this species was 

present, on average, each site contained 1 – 2 individuals. These findings suggest that L. 

analis has a more solitary lifestyle in the NFLRT. Previous studies have indicated that L. 

analis, similar to other snapper species, in known to aggregate in moderate sized schools 

(Munro, 1974). This difference may due to differences in reef health and structure. An 

alternative explanation may be that this area of the Florida Reef tract does not function as 

the dominate adult habitat. Adult L. analis have been shown to utilize the mudflats 

adjacent to coral reefs as primary adult habitats which may support larger schools (Munro 

1973). 

 L. griseus and L. synagris occurred in fewer sites than L. analis, but they were 

found at much greater abundances. L. griseus and L. synagris were both found in 13% of 

sites. On average, when present L. griseus was found in groups of 7 individuals. L. 

synagris tended to be found in larger groups that averaged 12 individuals per site. 

However, as seen in some of the grunt species, the abundance of L. synagris was highly 

variable. The variation in the abundance at each site may be caused by temporal changes. 
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L. synagris spawns most commonly in the summer months (Manooch & Mason 1984; 

Luckhurst et al. 2000). During the spawning period large schools of L. synagris may 

become more common. This pattern may be present in other species under investigation. 

Because this study did not focus on spawning and abundance, due to time constraints and 

lack of spawning information for many species, further studies should be done to 

determine how spawning season impacts the abundance of specific species.  

The abundance and schooling patterns of L. griseus and L. synagris is similar to 

what has been recorded in previous studies (Burton 2001; Luckhurst et al. 200). Based on 

these abundance calculations the NFLRT seems to support moderate schools of L. griseus 

and L. synagris in specific areas, but not throughout the entire reef.  

Table 5.5: Species abundance within the NFLRT. Final column shows the mean abundance per site when 
species is present 

Species Total 2013 2014 2015 2016 Mean 
Haemulon 

parra 
840 636 84 42 78 4.96 r 16.7 

Haemulon 
plumierii 

2617 1043 626 316 632 4.16 r 2.52 

Haemulon 
sciurus 

2237 1313 366 159 399 8.25 r 12.21 

Lutjanus 
analis 

470 109 105 65 191 1.32 r 0.33 

Lutjanus 
griseus 

1514 426 305 325 458 7.31 r 5.75 

Lutjanus 
synagris 

2648 1613 295 351 389 12.54 r 16.6 

Sphyraena 
barracuda 

72 28 15 5 24 1.44 r 0.99 

S. barracuda was present in the NFLRT but was the least abundant species. 

Furthermore, the abundance S. barracuda in the NFLRT was much less than the 

abundance recorded in the IRL. 72 barracuda were identified in the NFLRT compared to 

the 1486 that were identified in the IRL. S. barracuda was present in 3% of survey sites. 
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When this species was present it was much more solitary in nature than the barracuda 

identified in the IRL. While barracuda in the lagoon were often found in small 

aggregations, the barracuda living on the reef were rarely found in groups of 2 or more. 

5.1.4 Florida Keys 

Throughout the Florida Keys over 3000 sites were sampled from 2006 - 2009. 813 

of those sites were located in the area of the keys under investigation in this study. In this 

area each species of interest was identified to varying degrees (table 5.6). Grunts were 

found to be the most dominate group. Each species of grunt was present in at least 30% 

of the survey sites except for H. parra which was only present in 5% of all sites. At the 

sites were H. parra was present, on average, they were found in groups of 4 individuals. 

The most abundant grunt species in the Florida Keys was H. plumierii which was present 

in 78 % of all sites. In total H. plumierii was identified over 10,000 times and averaged 

16 individuals per site. H. sciurus was found in 34% of site. While this species was found 

at fewer sites than H. plumierii its average abundance was much greater. The average 

abundance per site for H. sciurus was found to be 24. There were no significant 

differences between years and the number of individuals identified per site for each 

species of grunt. 

Based on the presence of grunt species within Florida bay, their abundance along 

the Florida Keys was expected. Previous studies have shown strong associations between 

grunt species and coral reefs (Lindeman 1997). Often, adult grunts are found on coral 

reefs while juvenile grunts are found in coastal estuaries. These coastal habitats are ideal 

for juveniles as they provide large quantities of food, habitat complexity, and protection 

from predation (Lindeman 1997, Munro 1974). Furthermore, grunts will also exhibit 
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schooling patterns on reefs, similar to the schools that are formed in nursery habitats. The 

schools of grunt that were seen along the Florida Reef tract tended to be larger than the 

assemblages found in nursery habitats. This was true for H. sciurus and H. parra in the 

IRL and NFLRT, and for H. sciurus in the Florida Keys and Florida Bay (H. plumierii 

was not included do to it low abundance in Florida Bay).  

Table 5.6: Species abundance within the Florida Keys. Final column shows the mean abundance per site 
when species is present 

Species Total 2006 2007 2008 2009 Mean 
Haemulon 

parra 
184 29 34 17 104 4.08 r 2 

Haemulon 
plumierii 

10395 1795 2195 2206 4199 16.34 r 7.96 

Haemulon 
sciurus 

6761 1389 1486 1587 2299 24.4 r 11.7 

Lutjanus 
analis 

239 41 85 49 64 1.14 r 0.21 

Lutjanus 
griseus 

2093 438 209 405 1041 11.13 r 4.01 

Lutjanus 
synagris 

460 100 120 44 196 13.93 r 4.99 

Sphyraena 
barracuda 

155 64 20 38 33 1.28 r 0.68 

There are several potential explanations for this result. From an ecological 

standpoint it is possible that coral reefs can sustain larger aggregations of fish than 

coastal nurseries. While this may seem counter to the nursery hypothesis, studies have 

shown that nutrient availability is not the only factor that dictates the use of a nursery 

habitat (Grol et al. 2008). When fish utilize nursey habitats, they may trade increased 

resource availability for an increased chance of survivability (Grol et al. 2008). The 

increase in resource availability on coral reefs may promote the formation of larger 

schools of fish. Another explanation is that the differences in survey methodology 

affected the perceived size of schooling. On the reefs a visual census was used which 
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may provide a more accurate record of the true size of school. In the nursery areas seine 

nets where used to physically capture fish to be counted. It is possible that during the 

seining process individuals managed to escape the net leading to a reduced record of 

abundance for that site.   

   Snapper were also very abundant within the Florida Keys. The abundance of this 

group was not uniform and varied depending on the species. L. griseus, and L. analis 

where present in 23% and 25% of sites respectively. On average, L. griseus were present 

in groups of 11 individuals. The average abundance of L. analis mirrored their abundance 

in the NFLRT. Similar to the northern part of the reef tract, L. analis was a solitary 

snapper, rarely found in groups exceeding 1 – 2 individuals. L. synagris were only 

present in 4% of sites. However, there abundance when present more closely mirrored 

that of the other snappers in the study, averaging 13 individuals. There were no 

significant differences between years in the number of individuals identified per site for 

each species of snapper. 

The presence of L. analis and L. synagris along the Florida Keys, when they were 

rarely found in Florida Bay is an interesting finding. The juveniles of these species are 

known to inhabit bays and estuaries that contain mangroves and/or seagrass beds (Burton, 

2002; Allen, 1985; Munro, 1974). However, there presence is almost totally lacking 

within Florida Bay. There are a few possible explanations for this finding: (1) juveniles 

of these species are using an alternate habitat as a nursery ground, potentially the 

surrounding mud flats; (2) juveniles are living on coral reefs and utilizing them as nursey 

grounds; or (3) these 2 species of snapper do not utilize Florida Bay as a nursery but 
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prefer to use the patchy network of seagrass beds and mangrove forests found throughout 

the Florida Keys.  

Similar to the NFLRT, barracuda were present in the keys but at lower abundance 

than was seen in nursery sites. While thousands of barracuda were sampled in Florida 

Bay, only 155 were seen in the Florida Keys. Within the keys, barracuda were present in 

15% of sites. Barracuda living in the Florida Keys were found to be more solitary than 

individuals living in Florida Bay. In Florida Bay it was not uncommon to identify 5 or 

more barracuda from a single site. However, in the Florida Keys the abundance per site 

rarely exceeded 1 individual. 

These finding from the Florida Keys, as well as the findings from the NFLRT, are 

consistent with what is known about barracuda distribution and behavior in the region. 

De Sylva (1963) suggested that the habitat of S. barracuda is, in part, dictated by the size 

and age of an individual. Juvenile and young adult barracuda are most often found in 

coastal mangrove and seagrass environments and may form aggregations of a handful of 

individuals (de Sylva, 1963; Blaber, 1982; Eggleston et al., 2004; Kadison et al., 2009). 

Larger adults are typically found in offshore habitats such as coral reefs, artificial 

structures, or rocky outcroppings (de Sylva, 1963; Patterson, 1998; Kadison et al., 2009). 

The barracuda living on reefs and offshore habitats have been referred to as “lone 

wolves” (de Sylva, 1963). Unlike in their earlier life stages, mature barracuda are solitary 

and rarely aggregate (de Sylva, 1963). Based on these previous studies and because reef 

barracuda were more solitary, it is expected that the barracudas found in the Florida Keys 

and the NFLRT are more likely to be of a mature size. 
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5.2 LENGTH COMPARISONS  

5.2.1 IRL Region 

Several species of interest that were present in the IRL showed a size-frequency 

distribution that suggested an ontogenetic habitat shift from shallow coastal sites to 

deeper offshore sites like coral reefs. The populations of the most dominate and abundant 

species that were investigated all had an average size less than the length at maturity. The 

length at earliest maturity for each species of interest can be viewed in table 5.7. 

Furthermore, many species within this study area had no individuals that were of a 

mature length. 

Table 5.7: The length at earliest maturity for each species under investigation 

Species Length (cm) 
Haemulon parra 16.2 

Haemulon plumierii 16.6 
Haemulon sciurus 18 

Lutjanus analis 24.5 
Lutjanus griseus 19.7 
Lutjanus synagris 17.4 

Sphyraena barracuda 60 

Length frequency graphs were made and analyzed for all 7 species of interest in 

the Indian River Lagoon. For each species, both the yearly average lengths and the total 

average length fell well below their established size at first maturity (table 5.8 & figure 

5.1). No species averaged a length that was considered to be a mature size.  In the IRL, 

there were a handful of fish present that measured as long or longer than the size at 

earliest maturity. However, these mature sized individuals were rarely found. In all 

species the abundance of mature individuals much less than juvenile abundance (Appx. 

Table 7.1). Over the 5 years that were investigated mature sized individuals were present 

in all 7 species. 
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Table 5.8: Yearly and total average length (cm) of each species of interest in the IRL. 

Species 2013 2014 2015 2016 2017 Tot. avg. 
len. (cm) 

Haemulon 
parra 

9.96 8.77 10.19 12.97 6.62 8.99 

Haemulon 
plumierii 

10.18 6.41 9.06 9.1 6.14 8.18 

Haemulon 
sciurus 

10.09 6.55 10.48 15.2 6.54 7.96 

Lutjanus 
analis 

15.37 13.36 15.06 15.67 11.58 14.39 

Lutjanus 
griseus 

16.75 13.49 14.7 15.76 12.29 14.43 

Lutjanus 
synagris 

12.38 8.42 9.29 9.97 9.52 10.04 

Sphyraena 
barracuda 

29.7 23.12 25.27 28.2 27.43 27.23 

After determining whether or not mature individuals were present for each 

species, their average lengths were calculated and compared for each year of the survey. 

When comparing the yearly average lengths for each species, significant differences were 

found in all 7 species (table 5.9). For each species Dunn’s post hoc test was used to 

determine which years had significantly different length averages.  
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Figure 5.1: Figure 5.2: (A) Length plots for each species over the entire survey period for the IRL and 
NFLRT; (B) Yearly length plots for each species found within the IRL and NFLRT. 
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Table 5.9: Results of yearly average length comparisons of species in the IRL 

Species p-value 
Haemulon parra 2.772*10-4 

Haemulon plumierii 4.56*10-8 

Haemulon sciurus 1.41*10-7 

Lutjanus analis 2.55*10-6 
Lutjanus griseus 1.23*10-13 
Lutjanus synagris 7.24*10-12 

Sphyraena barracuda 1.99*10-12 

For grunt species, the result of the post hoc indicated that each species had at least 

one pair of years that was significantly different. H. parra had one pair of years where the 

average lengths were significantly different, H. plumierii had 4 pairs of years that were 

significantly different, and H. sciurus had 3 pairs of significantly different years. Overall, 

the results of the post hoc tests suggest that the length distributions are not stable between 

years but rather shift over time. 

Snapper length in the IRL was also found to be variable as each species had 

several pairs of years that were significantly different. Dunn’s test showed that there were 

significant differences in the length distribution between six pairs of years for L. analis. 4 

pairs of years for L. synagris, and 8 pairs of years for L. griseus. 

Barracuda length also varied significantly between years. Dunn’s post hoc test 

showed that there were significant differences in the length distribution between five 

pairs of years. This may be because the 2014 survey had, on average, identified the 

shortest individuals when compared to all other years. 

It is possible that these results of these tests do not mirror the length distribution 

of the true population due to the sampling design. The random sampling of this survey 

may unintentionally favor different length classes of fish based on the location of the 

samples and survey methodology. Because this survey utilizes a random sampling 
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strategy, the area is analyzed as a whole rather than site by site. It is possible that the 

annual changes to the average length are natural and this study was simply not performed 

at a large enough scale to see. If that is the case, then the change in size could be caused 

by a number of factors. One such factor is the immigration of specific size ranges of 

species during particular years which is most likely to occur as individuals age and 

approach maturity. Studies have demonstrated that some species of fish will temporarily 

live in an intermediate habitat before moving permanently to their adult environment 

(Nagelkerken et al. 2001). Typically, this habitat is located between the nursery and adult 

habitats and allows for resource utilization of both areas. It is possible that during the 

years were the average abundance and/or length declined, a greater portion of the 

population had moved to live in these intermediate habitats. 

The same 7 species that were studied in the IRL were also studied along the 

NFLRT. All 7 species were present in large abundances in this area. For each of these 

species both the yearly average length and the total average length were much larger than 

what was seen in the IRL (figure 5.1). The average lengths of each species, for all the 

years that the NFLRT was surveyed, are summarized in table 5.10. For all species, except 

L. synagris, the total average length was greater than the size at first maturity.  When the 

yearly length averages for each species were calculated, several species were found to 

have yearly length averages that were shorter than the size at maturity. 

H. parra, H. sciurus, and L. synagris each had at least one year where the average 

length measured below the size at first maturity. During the 2014 survey H. parra was 

found to have an average length that was smaller than the length at first maturity. H. 

sciurus was found to have an average size smaller than the length at first maturity during 
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the 2013 survey year. Lastly, the combined length average and the yearly length averages 

for L. synagris were shorter than the mature size except during the 2013 survey. All the 

yearly length averages for the other species were longer than the length at first maturity.  

Table 5.10: Yearly and total average lengths of each species of interest in the NFLRT. Asterisk indicates 
sizes larger than the size at maturity. 

Species 2013 2014 2015 2016 2017 Tot. avg. len. 
(cm) 

Haemulon 
parra 

20.07* 14.97 21.11* 21.55* 19.22* 19.22* 

Haemulon 
plumierii 

17.05* 17.87* 17.12* 20.1* 18.02* 18.02* 

Haemulon 
sciurus 

17.57 21.71* 23.39* 23.28* 20.58* 20.58* 

Lutjanus analis 32.06* 35.54* 34.91* 33.6* 33.87* 32.06* 

Lutjanus 
griseus 

23.81* 21.61* 23.38* 24.45* 23.25* 23.81* 

Lutjanus 
synagris 

17.46* 15.82 12.93 16.32 15.97 15.97 

Sphyraena 
barracuda 

117.11* 96.95* 98.12* 132.97* 114.46 117.11* 

The yearly length averages were compared for each species. A Kruskall-Wallis 

test was used for all species except H. parra and S. barracuda where a one-way ANOVA 

was used. For all species, the yearly average lengths were found to be significantly 

different (table 5.11). Following these tests, the appropriate post hoc test was used to 

determine how many pairs of years were significantly different.  

Table 5.11: Results of yearly average length comparisons of species in the IRL 

Species p-value 
Haemulon parra 1.003*10-13 

Haemulon plumierii 7.82*10-14 

Haemulon sciurus >2.2*10-16 

Lutjanus analis 2.3*10-3 
Lutjanus griseus 1.23*10-13 
Lutjanus synagris 1.38*10-5 

Sphyraena barracuda 2.2*10-16 
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5 species of fish showed significant differences in the average length of 

individuals for 3 pairs of years. These species included all 3 grunt species as well as L. 

griseus, and L. analis. For H. parra the 2014 survey was significantly different from the 

other three years. This makes sense because the 2014 survey was the only survey where 

the average length was smaller than the size of maturity. For H. sciurus the 2013 survey 

was significantly different from all other years as it was the only survey where the 

average length was shorter than the size at maturity. For H. plumierii the 2016 average 

was significantly larger than all other years. In a similar pattern to the grunts, only one 

year was found to be significantly different from the rest for L. griseus. The 2014 survey 

was discovered to be significantly smaller than the other years for this species. For the 

species L. synagris, 4 pairs of years were found to be significantly different and S. 

barracuda had 2 significantly different pairs. 

The total length averages for each species in the NFLRT was compared to the 

length averages measured from the IRL (figure 5.1). comparing these two areas the 

average lengths of all species were found to be significantly different. Each species had a 

p-value < 2.2*10-16. The average lengths of individuals surveyed in the NFLRT were all 

found to be significantly larger than the individuals measured in the IRL. Based on the 

collected data, the fish in this study are primarily utilizing the IRL as at younger life 

stages and the NFLRT when mature or approaching maturity. This pattern is most clearly 

seen in H. sciurus, L. griseus, L. analis, and S. barracuda. 

The results from these tests indicates that while length distributions may fluctuate 

between years as environmental factors change and survey sites change, the average 

length measures in the NFLRT is consistently larger than the average length measured in 
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the IRL. Based upon the results shown in figure 5.1, I can conclude that the IRL was 

almost exclusively used by juveniles of all 7 species. These plots show that, for each 

species, almost no mature sized individuals were present in the IRL. Additionally, the 

individuals that were captured within the IRL were consistently smaller, had fewer 

mature sized individuals, and a smaller size range than the individuals from the NFLRT. 

Findings from this study also suggest that juveniles of the species of interest leave the 

IRL at a certain life stage. This stage varies between species. While juveniles were the 

dominate life stage identified in the IRL, finding an individual that was a mature size was 

not uncommon, especially for species such as L. griseus. This suggests that L. griseus and 

other species primarily treat this area as a nursery site, but mature sized individuals may 

venture into the area on occasion.     

In the NFLRT there were mature and juvenile sized individuals present for every 

species. However, the abundance of mature sized fish and the overall average size was 

much greater in the NFLRT than the IRL. This finding is clearly represented in figures 

5.1 which constantly show the NFLRT having a larger size distribution than the IRL.   

Based on the length data collected in this study, several species are utilizing the 

IRL as a nursey habitat and the NFLRT as an adult habitat, supporting the theory of the 

nursery effect. This behavior is most clearly seen H. parra, L. griseus, L. analis, and S. 

barracuda. For each of these species, very few juveniles were found on the NFLRT and 

the average size of species in this area was much larger. This suggests that the primary 

adult habitat for these species is the Florida reef tract and that once these species are 

approaching maturity, they leave the confines of the IRL and move toward the NFLRT. 
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This type of movement has been documented in snapper and other species in subtropical 

and tropical regions around the globe (Huijbers et al. 2015). 

Another interesting finding comes from the average lengths of L. synagris. This 

was the only species where only one year had an average length greater than the size at 

first maturity. This finding, coupled with the low abundance of adults on the reefs, 

suggests that the NFLRT is not their primary adult habitat in the area. Large quantities of 

adult snapper have been found in living within non-coral reef habitats. These habitats are 

often mud flat, rocky outcroppings, or another deep-water habitat (Munro 1974). L. 

synagris may utilize the NFLRT as an intermediate habitat until they are about to reach 

maturity, at which point they move to their terminal adult habitat.      

The results of S. barracuda were also very interesting. Within the IRL the 

concentration and occurrence of barracuda was dominated by individuals in the juvenile 

life stage. While there were mature sized individuals documented, they were relatively 

rare. This finding may be due to several factors such as the transient behavior of S. 

barracuda, changes in feeding strategy and prey items, or changing energy requirements. 

Barracuda where found to be highly abundant within the IRL, unlike the NFLRT where 

they were much more uncommon. Like the other species in this region the average size of 

S. barracuda measured along the NFLRT was significantly larger than the individuals 

measured in the IRL (27 cm vs 117 cm). Within the NFLRT there were almost no 

juvenile sized barracuda present. Based on these findings I conclude that the IRL is a 

functioning nursery habitat for S. barracuda. While mature sized barracuda are 

sometimes found in the IRL, they are most likely not permanent residents. As previously 

mentioned, and described by de Sylva (1963), Kadison et al. (2010), and O’Toole et al. 
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(2011), barracuda are transient fish. It is likely that the mature barracuda captured in the 

bay were passing through on their way to another habitat. The barracuda further exhibit 

the nursey effect in this region through the lack of juveniles in the NFLRT. Of the 72 

barracuda identified on the NFLRT, less than 10 were considered juveniles by size. This 

data suggests that the reef is exclusively an adult habitat.  

5.2.2 FL Bay Region 

Within Florida Bay only 4 of the 7 species of interest were found to be abundant 

in large enough quantities to statistically analyze. These species include H. parra, H. 

sciurus, L. griseus, and S. barracuda. H. plumierii, L. analis, and L. synagris were 

present in Florida Bay but only identified in one year and at much lower abundances. 

Because of their low abundance, accurate statistical tests become challenging. 

Furthermore, because these species were identified in only one survey year, yearly 

comparisons cannot be made over the timeframe of this study. 

Yearly length averages and the total average length was calculated for each 

species (table 5.12). For the 4 species that were present in large abundances the total 

length averages and all yearly length averages fell below the minimum size at maturity 

(figure 5.7 & figure 5.2). Even though all length averages measured less than the size at 

maturity there were still mature sized individuals surveyed (appx table 7.2). When 

compared, the yearly length averages were found to be significantly different for each of 

these species (table 5.13).  
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Table 5.12: Yearly and total average lengths of each species of interest in Florida Bay. 

Species 2006 2007 2008 2009 Tot. avg. 
len. (cm) 

Haemulon 
parra 14.81 15.28 13.9 14.73 14.77 

Haemulon 
plumierii 11.97 NA NA NA 11.97 
Haemulon 

sciurus 12.89 14.76 11.9 13.55 12.92 
Lutjanus 

analis NA NA 6.5 NA 6.5 
Lutjanus 
griseus 18.4 19.0 17.36 16.36 17.19 

Lutjanus 
synagris NA 15.5 NA 9.56 11.05 

Sphyraena 
barracuda 23.6 25.74 26.38 25.75 25.81 

 

Table 5.13: Results of yearly average length comparisons of species in Florida Bay 

Species p-value 
Haemulon parra 0.0028 

Haemulon sciurus 7.4*10-8 
Lutjanus griseus 1.95*10-8 

Sphyraena barracuda 1.96*10-8 
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Figure 5.3: (A) Length plots for each species over the entire survey period for Florida Bay and the Florida 
Keys; (B) Yearly length plots for each species found within Florida Bay and the Florida Keys. 
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Post hoc tests were used to determine which pairs of years were significantly 

different. Dunn’s post hoc test was used for all 4 species and each was found to have at 

least one pair of years that was significantly different from each other. The variability of 

average grunt length slightly less than was seen in the IRL. H. parra only had 3 pairs of 

years that were significantly different. Similar to what was seen in the IRL Dunn’s post 

hoc test conducted on the L. griseus of Florida Bay showed large variability between 

most years. In Florida Bay there were significant differences in the average length 

between 5 pairs of years for L. griseus. Lastly, Dunn’s post hoc test was performed on S. 

barracuda and indicated significant differences in the length distribution between 3 pairs 

of years. For this species 2006 was found to be significantly different from all other 

years.  

Similar to what was seen in the IRL yearly length averages were often fairly 

variable and would fluctuate from year to year. Furthermore, the population of these 

species in Florida Bay was dominated by individuals in their juvenile life stage. While 

there were mature sized individuals documented, they were less abundant. This finding 

suggests that Florida Bay is utilized as a nursery habitat for several of the species that are 

present. 

Within the Florida Keys all species of interest were present in large enough 

abundances to run statistical tests. Overall, the species captured in the Florida Keys 

seemed to be present in greater abundances and had less variation in their densities than 

the species surveyed in the NFLRT. While the abundance and density of species may be 

larger in the Florida Keys, the size distribution in this area was similar to the NFLRT. In 

both areas, the average length of species tended to be as long or longer than the size at 
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maturity. Similar to the NFLRT, the average length of L. synagris in the Florida Keys did 

not reach a mature size. The average length of H. sciurus was also found to be slightly 

smaller than the size at maturity. The total average length of all other species was longer 

than the size at maturity (table 5.14 & figure 5.3). Of the 7 species studied, only L. analis, 

L. griseus, and S. barracuda had an average length greater than the size of maturity every 

year of the survey. 

Table 5.14: Yearly and total average lengths of each species of interest in the Florida Keys. 

Species 2006 2007 2008 2009 Tot. avg. 
len. (cm) 

Haemulon 
parra 18.27* 20.76* 16.84* 14.8 17.25* 

Haemulon 
plumierii 15.57 16.65* 16.73* 17.01* 16.64* 
Haemulon 

sciurus 16.85 16.48 17.05 18.28* 17.41 
Lutjanus 

analis 40.15* 42.6* 40.15* 39.77* 40.86* 
Lutjanus 
griseus 23.12* 23.97* 24.59* 22.13* 23.27* 

Lutjanus 
synagris 13.98 17.36 18.46* 14.08 14.55 

Sphyraena 
barracuda 72.7* 88.9* 73.5* 87.5* 79.61* 

The yearly length averages were compared for each species within the Florida 

Keys using a Kruskal-Wallis test. Based on this test it was determined that the yearly 

average lengths were significantly different in all species except L. analis (Table 5.15).  

Table 5.15: Results of yearly average length comparisons of species in the Florida Keys. 

Species p-value 
Haemulon parra 9.1*10-4 

Haemulon plumierii 0.015 

Haemulon sciurus 6.42*10-7 
Lutjanus analis 0.178 
Lutjanus griseus 0.004 
Lutjanus synagris 0.008 

Sphyraena barracuda 0.0066 
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Based on the results of Dunn’s test, each species of grunt showed significant 

differences between at least one pair of years. The average length of grunts in this area 

was less variable between years than the other study areas. H. parra had 2 pairs of years 

that were significantly different, H. sciurus had significant differences between 3 pairs of 

years, and H. plumierii had only one pair of years that were significantly different. The 

yearly averages of snapper in this area were much less variable than other areas. The 

snapper L. griseus had yearly average lengths that were significantly different from each 

other in only 1 pair of years and L. synagris was found to have significantly different 

length averages for 2 pairs of years. Unlike all other speceis in the Florida Keys and the 

NFLRT, the yearly averages for L. analis were not significantly different from each 

other. Lastly, for S. barracuda there was a significant difference in the average length 

between 1 pair of years. All other pairs of years were not significantly different from each 

other. 

The total average length for the 4 species that were present in Florida Bay were 

compared to the individuals surveyed in the Florida Keys. Within the Florida Keys and 

Florida Bay, the average lengths of all 4 species were found to be significantly different 

from each other. Each species had a p-value < 2.2*10-16. The lengths of the individuals 

that were captured in the Florida Keys were found to be significantly larger than the 

individuals measured in Florida Bay.  

The results from this region are similar to what was seen in the IRL. Results from 

the statistical tests suggest that the average length of species fluctuates between years as 

environmental factors change and survey sites change. The sizes measured in the Florida 
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Keys are consistently larger than the sizes measured in Florida Bay. This finding suggests 

that larger and mature individuals are more commonly found in these reef habitats.  

 Furthermore, based upon the results shown in figures 5.3, I can conclude that the 

IRL was almost exclusively used by juveniles of 4 species: H. parra, H. sciurus, L. 

griseus, and S. barracuda. Based on the length plots of this region, these species support 

the nursery hypothesis and likely experience an ontogenetic shift. This conclusion is 

supported by the dominance of juveniles in Florida Bay and the dominance of mature 

individuals in Florida Keys. The lack of adults within the bay also supports the idea that 

this species undergoes a habitat shift as it approaches maturity. Similar findings have 

been documented along islands in the Caribbean (Nagelkerken et al. 2001).   

The lack of several species of interest in Florida Bay indicates that, unlike the 

IRL, it does not function as a nursery for all species in the study. Past studies have shown 

that habitat utilization of some species of fish can change between geographic regions 

(O’Tool et al. 2011; Serafy et al. 2015). It is possible that the IRL was used as a nursery 

for these species because the adjacent reefs were not an ideal habitat for juveniles to 

survive. However, the Florida Bay region has a different habitat composition. Studies 

have shown that reefs along the Florida Keys are denser and have a much different 

structure than the NFLRT (Ault et al. 2005). These differences may make the Florida 

Keys a more attractive habitat to some juvenile species. Based on the Florida Keys length 

plots and the presence of mature individuals in the Florida Keys, it likely that H. 

plumierii and L. analis use a different habitat as nursery grounds. H. plumierii and L. 

analis likely use a different nursery habitat because almost no juveniles were found in the 

Florida Keys. This finding suggests that the recruitment of new individuals must be 
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originating from another area. Based on this study the location of that habitat cannot be 

determined however, I am confident that it is not the area of Florida Bay under study. 

Studies have shown that species such as L. analis can function in a wide range of habitats 

including deep mud flats, rocky outcroppings, debris fields, and around pylons (Allen 

1985). The other species that was not present in the bay, L. synagris, is likely to use parts 

of the reef as nursery sites. The data from this study supports this hypothesis due to the 

abundance of juveniles in the Florida Keys as well as the relatively short average length 

in this area. 

Overall, the species that were measured in the Florida Keys and NFLRT were 

significantly larger than the individuals measured in Florida Bay and the IRL. This result 

helps support the hypothesis that individuals at or approaching maturity live on the reef 

while juveniles live in coastal nurseries. However, the reef tract is not exclusively an 

adult habitat. Figure 5.3 shows that there are individuals that are the size of juveniles 

living on the reef. Based on this finding it is possible that some parts of the Florida reef 

tract can successfully function as a nursery habitat. Several grunt and snapper species 

have been seen utilizing reefs as nursery habitats (Lindeman 1997). These reefs are often 

shallow, patchy, and are most often utilized when traditional seagrass/mangrove nurseries 

are not present (Lindeman 1997). Based on these findings it is likely that both the coastal 

nurseries, like the IRL and Florida Bay, and sections of the reef tract act as nurseries and 

contribute to the adult population. 

5.2.3 Regional Comparisons 

When the total average length of the species present in Florida Bay were 

compared to the species in the IRL, all were found to be significantly different (table 5.16 
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& figure 5.4). The average size of all species measured in Florida Bay were significantly 

longer than the species measured in the IRL except for S. barracuda. Overall in Florida 

Bay, H. parra, H. sciurus, and L. griseus consistently averaged larger sizes. These 

findings may suggest that H. parra, H. sciurus, and L. griseus leave the Florida Bay 

nursery habitat at a larger size than the corresponding species in the IRL. This can be 

caused by a couple factors. It is possible that, due to its size, the Florida Bay nursery is 

able to support juveniles for a longer period of time than the IRL. Species living in the 

IRL may need to move to adult habitats earlier in their life history because life on the 

reefs may be beneficial from a survival standpoint. It is also possible that there were 

differences in sampling between the IRL and Florida Bay. Florida Bay is a much wider 

system, is more open to the reefs, and has more intermediate habitats than the IRL. It 

possible that some sampling in Florida Bay was taken in intermediate habitats where 

larger juveniles are more commonly found. While there are slight differences in the 

average size of juveniles, the average size of most species falls well below the size at first 

maturity.  

As previously stated, S. barracuda averaged a smaller size in Florida Bay than the 

IRL. This is an interesting finding because it is the opposite of the previously discussed 

species. Based on this finding I hypothesize that barracuda in the Florida Bay region 

leave their nursery site at a smaller size due to differences in resource availability. It is 

possible that the habitat structure of the IRL is more favorable to larger S. barracuda or 

differences in sampling led to again led to these differences. Further studies should be 

done to investigate how barracuda in the IRL and Florida Bay differ.  

 



 64 

Table 5.16: Results of the average length comparisons between the IRL and Florida Bay. 

Species p-value 
Haemulon parra <2.2*10-16 

Haemulon plumierii NA 

Haemulon sciurus < 2.2*10-16 

Lutjanus analis NA 
Lutjanus griseus < 2.2*10-16 
Lutjanus synagris NA 

Sphyraena barracuda 1.38*10-7 

When the total length averages of all species surveyed within the NFLRT and the 

Florida Keys were compared, all but L. griseus were found to be significantly different 

(table 5.17). The average length of all grunt species and L. synagris were found to be 

significantly longer in the NFLRT than in the Florida Keys. L. analis and S. barracuda 

living in the Florida Keys were found to be significantly Larger than the individuals 

living in the NFLRT. The size of L. griseus did not significantly differ between the 2 

reefs areas.  

Table 5.17: Results of the average length comparisons between the NFLRT and the Florida Keys. 

Species p-value 
Haemulon parra 0.0051 

Haemulon plumierii 1.65*10-14 
Haemulon sciurus < 2.2*10-16 

Lutjanus analis < 2.2*10-16 
Lutjanus griseus 0.36 
Lutjanus synagris 5.6*10-4 

Sphyraena barracuda 5.173*10-15 
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Figure 5.4: Length plots for each species over the entire survey period divided by region 

The results from the reef site comparisons suggest that both regions of the Florida 

Reef tract function as adult habitats with a few slight differences. For example, grunts 

and snapper present in the IRL appear to leave their nursery habitat at smaller sizes than 

juveniles in Florida Bay. This is likely due to regional differences in the coastal habitats. 

Based on the data from this study it appears that this shift in costs and benefits happens 

sooner in the IRL than the Florida Bay for the snapper and grunt in this study. These 
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differences are likely due to the structural and ecological differences between the NFLRT 

and the Florida Keys that have been previously discussed.  

Overall, throughout this study it is clear that the IRL and Florida Bay house 

younger and smaller fish than the reef sites. While there may be some slight differences 

in the average length between regions, the same trends and patterns exist in each. 

Juveniles are found most commonly and in the greatest densities in coastal estuaries, 

mature sized fish are almost exclusively found in reef habitats, and juveniles move off of 

nurseries before maturity to reached.  

5.3 SPATIAL ANALYSIS 

After analyzing the length frequency distributions of each species in both regions, 

spatial analyses were conducted for select species to determine if there were any visual 

are geographic patterns seen within the data. Only species that were identified at least 40 

times were analyzed. Any species that was found fewer times was not spatially analyzed 

due the enhanced risk of error and limitations in the ArcGIS software. Spatial analyses 

specifically focused on determining whether or not there were any spatial patterns based 

on the individual lengths of species. Investigating the spatial size patterns seen in species 

of interest will allow us to determine whether or not there are any useful predictor 

variables in regard to species length. 

5.3.1 IRL Region 

5.3.1.1 Length Distance Correlations 

The first spatial analyses conducted were length distance correlations. These 

correlations examined the relationship between a species length and their distance from a 

specific habitat feature (i.e. seagrass, mangrove, or inlet). Based on the principles of the 
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nursery hypothesis it was expected that the smallest individuals in coastal habitats were 

more likely to be found in closer association with seagrass and mangroves, while larger 

individuals would be found closer to inlets and, by extension, coral reefs. It was also 

expected that the smallest individuals living on coral reefs would be found in closer 

proximity to inlets than larger individuals. Figure 5.5 depicts a section of the study area 

with inlets, mangroves, and seagrass indicated. 

 

Figure 5.5: Part of the IRL Region study area depicting habitats and features of interest. 

Within the IRL, significant tau values were found in 4 out of the seven species 

when length was correlated to the distance of the nearest inlet. These species included H. 

plumierii, L. griseus, L, analis, and L. synagris (Table 5.18). While these species had 

significant p-values, tau correlation values remained very weak in L. griseus, L, analis, 

and L. synagris. In each of these three species, tau never measured over 0.10. This means 

that there were extremely low levels of correlation between length and inlet distance. The 
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significant p-values indicate that these are not caused by random chance and, for these 3 

species, over 95% of the time the correlation will be weak at the tau recorded in table 

5.18. Correlation was moderate to weak in H. plumierii suggesting that for this species 

the length of the individual and the distance to inlets may be more strongly related. After 

Kendall’s Tau Correlation was calculated, linear models were created for each species 

and linear regressions were run. In each of these species the R2 value was very low, never 

exceeding 0.05. These low R2 values suggest that while there might be a weak correlation 

present for these species, measurements are too variable to accurately predict using a 

linear regression. 

Table 5.18: Results from the length vs inlet distance correlations and linear regressions in the IRL 

Species p-value Tau R2 

Haemulon parra 0.389 0.052 0.002 
Haemulon plumierii 0.004 0.221 0.050 
Haemulon sciurus 0.207 0.101 0.002 

Lutjanus analis 0.027 0.063 0.007 
Lutjanus griseus 0.029 0.042 0.005 
Lutjanus synagris 0.003 0.091 0.012 

Sphyraena barracuda 0.705 0.006 2.9*10-4 

The remaining 3 species under investigation, H. parra, H. Sciurus, and S. 

barracuda did not have significant tau values and those tau values never exceeded 0.10. 

These calculations suggest that length and distance to nearest inlet are not strongly 

related and that no relationship exists. Furthermore, linear regression models show there 

was little to no linear relationship between length and inlet distance for these species. 

The findings from this analysis indicate that for most species investigated in the 

IRL there is a very weak to no correlation between the size of an individual and the 

distance they are found from an inlet. From an ecological standpoint, this finding 

suggests that the location of an inlet has no strong effect on the distribution patterns of 
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individuals of these species. In the IRL the largest juveniles may be found living in close 

proximity to inlets, but smaller individuals are found in those areas as well. The distance 

of individuals from inlets is more likely influenced by the surrounding habitats. If a 

habitat that favors small juveniles may be closer to an inlet than a habitat that favors 

juveniles close to maturity. While the size of species in the IRL has been shown to not be 

related to the proximity of inlets, other ecological variables may function as stronger 

length predictors.      

Along with determining whether length and inlet distance were correlated, 

Kendall’s ranked correlation was performed relating length to distance to mangroves. It 

was expected that smaller individuals would be found in closer proximity to mangroves 

than larger juveniles. The tau value when comparing these variables was significant in 5 

of the study species: H. plumierii, H. sciurus, L. griseus, L. synagris, and S. barracuda. 

Each of these species showed significant p-values however, the tau value for L. griseus, 

L. synagris, and S. barracuda were each very weak (table 5.19). H. plumierii and H. 

sciurus each showed a moderate correlation between these variables with tau values that 

were greater than 0.4. When a linear model was produced with each of these species, the 

2 snappers (griseus and synagris) and S. barracuda showed extremely weak R2 values 

while the R2 for grunt species (plumierii and sciurus) indicated a weak to moderate 

positive relationship. These finding suggests that, while a linear regression is not a 

perfect means of predicting or explaining the length of individual grunts based on their 

distance from mangroves, the relationship is more clearly seen in the grunts of this study 

than the other species. 
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Two species from the IRL, H. parra and L. analis, showed no significant 

correlation between individual length and distance from mangroves. Furthermore, their R 

squared value from the liner regression were very low. These findings support the notion 

that, for these two species, length and distance to mangroves are variables that are not 

related to one another. 

Table 5.19: Results from the length vs mangrove distance correlations and linear regressions in the IRL 

Species p-value Tau R2 

Haemulon parra 0.288 0.064 0.006 
Haemulon plumierii 1.37*10-7 0.412 0.27 
Haemulon sciurus 4.62*10-7 0.407 0.172 

Lutjanus analis 0.942 0.002 0.002 
Lutjanus griseus 0.011 0.049 0.006 
Lutjanus synagris 0.021 0.072 0.012 

Sphyraena barracuda 4.25*10-5 0.071 0.013 

Ecologically, the results from these correlations suggest that the distribution of H. 

plumierii and H. sciurus within the IRL is related to their length and the location of 

mangroves. The findings for these 2 species indicate that as the distance from mangroves 

increases, so does the size of individuals. Form a behavioral and biological standpoint 

this makes sense because larger individuals are more likely to survive in more open 

habitats than smaller individuals. Furthermore, an increase in size will often lead to an 

increase in home range, causing individuals to move further away from mangroves 

toward more open habitats. This pattern is not unique to these two grunt species and it 

has been demonstrated in species all over the world (Munro 1974). This pattern supports 

the conclusion that these species are influenced by the nursery effect. However, for other 

species in this study the relationship was not as strong. While a strong relationship may 

be present, at this large scale only weak positive correlations were found. This finding 
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suggests that at large spatial scales, like this study, factors such as the distance to 

mangroves are not strong predictor variables when it comes to an individual’s length.  

The final correlations that were run in the IRL investigated the relationship 

between length and distance to seagrass (table 5.20). This pairing produced significant 

tau values for the most species. 6 of the 7 investigated species had tau values with p-

values less than 0.05. These species include H. plumierii, H. sciurus, L. griseus, L. 

synagris, and S. barracuda. Of these species, H. plumierii and H. sciurus each had 

moderately large tau values when compared to the others. Both of these species had tau 

values that were greater than 0.30. This finding indicates that there is a moderate positive 

relationship between length and seagrass distance for these two grunt species. The 

remaining species with significant tau values were fairly weak in strength, all falling 

below 0.15. When linear regressions were run for each of these species the R squared 

value was very weak in all but H. plumierii. The R2 value for H. plumierii indicated a 

weak moderate linear relationship between these two variables. This result is similar to 

the R2 values calculated when comparing length and distance to mangrove, where H. 

plumierii also had the largest R2 value. 

Table 5.20: Results from the length vs seagrass distance correlations and linear regressions in the IRL 

Species p-value Tau R2 

Haemulon parra 0.064 0.127 0.001 
Haemulon plumierii 6.98*10-8 0.47 0.25 
Haemulon sciurus 0.001 0.301 0.077 

Lutjanus analis 0.003 0.09 2.3*10-4 

Lutjanus griseus 0.006 0.065 0.032 
Lutjanus synagris 1.11*10-5 0.142 0.009 

Sphyraena barracuda 7.95*10-4 0.066 0.037 

The results from test indicated weak correlation for most species. As mentioned, 

the strongest correlation between these two variables was seen in H. plumierii and H. 
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sciurus. The results from these two species suggest that as distance from seagrass 

increases so does the length of individuals. Similar to the findings when analyzing 

mangrove distance, this finding also helps demonstrate the nursery effect. The findings 

for the other species in the IRL suggest that there is no relationship between fish length 

and distance to seagrass and that they are not reliable predictor variables. The correlations 

that were measured for these species was consistently weak but did indicate positive 

trends. 

Overall the results of the correlation tests in the IRL was not expected. For most 

species there was never more than a weak correlation between length and another 

variable. While the relationships trended positive, indicating that as distance increased so 

did fish size, they were never an accurate predictor. The reason for these results might be 

due to the large spatial scale of the study. At such a large spatial scale, small changes 

within the ecosystem may be lost. In order to better understand the relationship between 

size and distance from a habitat/feature, investigations on a smaller spatial scale may be 

necessary.  

In the NFLRT a Kendall’s ranked correlation was performed between length and 

distance to nearest inlet. In this case, only the distance to inlet was because individuals 

had to pass through an inlet to reach the nursery grounds and, by extension, mangroves 

and seagrass beds. The results of this test showed a pattern similar to the IRL findings. 

Within the reef population significant tau values were found in 5 of 7 species (table 5.21). 

Significant species include H. plumierii, H. sciurus, L. griseus, L. analis and L.synagris. 

While each of these species had significant p-values, their tau values remained low. No 

species with a significant p-value had a tau the exceeded 0.105. Furthermore, when a 
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linear regression was performed for each of these species the R2 value was always weak, 

never exceeding 0.026. 

Two of the species in the reef habitat were found to not have significant tau 

values. Correlations for H. parra and S. barracuda produced tau values that were not 

close to significant. When linear regressions were run for these species the R squared 

values were almost a degree of magnitude smaller than the R squared values for the 

previously discussed species. 

Table 5.21: Results from the length vs inlet distance correlations and linear regressions in the NFLRT 

Species p-value Tau R2 

Haemulon parra 0.29 0.040 0.001 
Haemulon plumierii 0.014 0.035 0.003 
Haemulon sciurus 4.46*10-4 0.082 0.011 

Lutjanus analis 0.002 0.073 0.014 

Lutjanus griseus 5.87*10-6 0.105 0.026 
Lutjanus synagris 2.81*10-4 0.086 0.011 

Sphyraena barracuda 0.928 0.006 0.009 

The values calculated for species in this area indicate that, at this scale, size and 

inlet distance are not related. This does not support my hypothesis that as distance from 

inlets increased so would fish size. While there is a weak correlation between length and 

distance from an inlet they should not be used as predictor variables. While some of these 

correlations were found to be significant, all R2 values were extremely weak. This further 

indicates no relationship or pattern is present between these two variables. These findings 

might be influenced by several factors. First, as previously mentioned, large scale studies 

with large sample populations make finding strong correlation more difficult. Second, 

based on the length distributions measured along the NFLRT it is possible that areas of 

the reef function as nurseries. This may alter correlations if the nursery is located a 

relatively large distance away from an inlet. Lastly, reefs are complex ecosystems with a 
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variety of distinct habitats. These scattered throughout the reef, sometimes close to an 

inlet and sometimes further away. It is possible that the type of habitat where a fish was 

found might be a stronger predictor of size. 

5.3.1.2 Hot Spot Analysis 

After performing Kendall’s ranked correlation and linear regressions for each 

species in the IRL region, hot spot analyses were conducted. Hotspot analyses were used 

to identify areas in each site where there were significant clusters of high and low length 

values. This test can help determine where groups are clustering and if that cluster is 

composed of large or small individuals. The same species that were used in the 

correlation tests were analyzed using this method. However, in this section only L. 

griseus is displayed. All other figures can be viewed in the appendix section 7.2. 

After performing hot spot analyses for each species of interest in the IRL several 

distinct spatial patterns emerged. One such pattern was that the smallest juveniles 

(individuals less than the average size measured in the IRL) of several species in the 

lagoon were found to significantly cluster within the St. Lucie and/or Loxahatchee rivers 

(figure 5.6). These species included L. griseus, L synagris, and S. barracuda. While there 

were larger juveniles sampled within these areas, when clusters were viewed as a whole, 

smaller individuals were most common. For these 3 species the St. Lucie and 

Loxahatchee rivers were found to be the densest area of clusters composed of smaller 

sized individuals. The remaining species of interest did show cold spot clusters however, 

they differed in geographical location. For L. analis the highest concentration of shorter 

length individuals was seen just south of the Fort Pierce Inlet and continued south to 

about the halfway point between the Fort Pierce and St. Lucie Inlets. There were no cold 
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spots found within the St. Lucie River nor the Loxahatchee. This is most likely due to the 

absence of individuals in those locations. The grunt species studied in this investigation 

showed slightly different patterns. In most of the areas where grunt species were 

identified and measured, clustering was not significant. This means that in many areas 

where grunts were present, they did not cluster based on their length. The few areas 

where shorter length individuals clustered were located within a few kilometers of the 

mouth of the St. Lucie River. 

The distribution of hot spots of larger length individuals followed similar 

geographic patterns for many of the species of interest. Clusters of juveniles larger than 

the average size were primarily found within the lagoon proper. The largest concentration 

of larger individuals tended to be centered on Fort Pierce Inlet, with smaller 

concentrations between the St. Lucie and Jupiter Inlets. This pattern held true for L. 

griseus, L synagris, L. analis, S. barracuda, H. sciurus, and H. plumierii. The greatest 

concentration of larger length individuals was seen in L. griseus, L synagris, L. analis, 

and S. barracuda. This is most likely due to the greater abundance of these species in the 

area. The concentrations of large individuals for H. sciurus and H. plumierii were much 

lower than the previously mentioned species. However, the areas where these species did 

show clustering of larger individuals followed the overall geographic pattern. H. parra 

was the only species that somewhat deviated from the observed pattern.  The only cluster 

of larger length individuals for H. parra was seen just north of the Jupiter inlet and the 

mouth in the Loxahatchee River. It is possible that a hot spot formed here due to its 

proximity to the NFLRT. 
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The area between Lake Worth Inlet and Jupiter Inlet was surveyed in this FIM 

program however all species were found in low abundance there. It is worth noting that in 

this area, almost all significant clustering indicated the presence of smaller length 

individuals. Only S. barracuda showed the presence of a hot spot several km north of the 

Lake Worth Inlet. All other species showed small clustering of cold spots.  

Overall, the majority of the species investigated in this study followed a similar 

pattern: smaller juveniles tended to cluster in and around rivers while larger individuals 

clustered within the lagoon in areas near or between inlets. This is a significant finding 

because it suggests that IRL nursery habitats are subdivided based on the size of fish. The 

smallest fish tend to inhabit the rivers that empty into the lagoon while larger juveniles 

are most commonly found within the lagoon itself. The reason this pattern was not seen 

during the correlations and linear regression may be due to the movement of fish between 

these two areas and clustering patterns. Smaller juveniles can and were found in areas 

designated as hotspots and the opposite is true for larger juveniles. Previous sections have 

already established that the IRL functions as a nursery site, the pattern of clustering for 

each species helps illustrate the overarching spatial trends.  
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Figure 5.6: Results of the hot spot analysis in the IRL for L. griseus. This analysis relates clustering 
patterns to the length of individuals.  

Hot spot analyses were also conducted within the NFLRT. When this area was 

analyzed spatial patterns were more variable than they appeared in the IRL, however 

several patterns still emerged (figure 5.7). Clusters of shorter length individuals were 

most commonly found extending south from the St. Lucie Inlet for up to 10 km. This 

pattern was seen in L. griseus, L. synagris, L. analis, H. parra, H. sciurus, and H. 

plumierii. Smaller concentrations were also often seen around the Boca Raton Inlet, the 

Hillsboro Inlet, and Port Everglades. Shorter individuals would cluster in some or all of 

these areas in the following species: L. griseus, L. analis, H. Sciurus, and S. barracuda. 
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L. synagris was unique in that it showed a moderate concentration of shorter individuals 

around the Lake Worth Inlet, a location where not a lot of other cold spots were seen. 

The largest concentrations of hot spots of larger individuals in the NFLRT were 

found between Jupiter and Lake Worth Inlets. All 7 species that were analyzed in the 

NFLRT showed a large concentration of longer length individuals within this area. 

Another area where clusters of large individuals were common was Boynton Inlet. In this 

area clusters of L. synagris, H. sciurus, and H. parra were seen. One interesting finding 

was the distribution of S. barracuda clusters. This species showed a lack of hot and cold 

spots. A finding that can be caused by several factors. Firstly, almost all of the barracuda 

that were measured within the NFLRT were of a mature size. Upon reaching maturity S. 

barracuda tends to become a highly transient species and can move many kilometers in a 

day (de Sylva 1963). Because of their transient nature, barracuda do not stay in the same 

place for long which can cause challenges during visual sampling. Furthermore, 

barracuda are solitary predator fish that are rarely found in groups outside of mating 

season (de Sylva 1963). This characteristic can make cluster analyses difficult to run 

because there may only be one barracuda present for several km. 

The distribution of hot and cold spots throughout the NFLRT also supports the 

previously stated conclusion that areas of the NFLRT may function as nurseries. It is 

possible that areas with significant clustering of smaller individuals are functioning as 

nurseries sites for juveniles. The cold spot located just outside the St. Lucie Inlet is 

located only a few kilometers from the IRL. The close proximity might increase presence 

and abundance of juveniles in this area. It is possible that this part of the NFLRT is one 

of the first areas juveniles explore as they begin the process of moving to their adult 
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habitats. More surveys should be conducted in those areas to determine the extent of 

juvenile presence and whether or not they can be considered true nursery sites.  

 

Figure 5.7: Results of the hot spot analysis in the NFLRT for L. griseus. This analysis relates clustering 
patterns to the length of individuals.  

Lastly, hot spot analyses were run for each species through the entire IRL region 

under study. This was done to investigate the regional patterns in lengths. The results of 

the spatial analysis support the findings of previous sections. For each of the 7 species 

analyzed the IRL was dominated by clusters of smaller length individuals (figure 5.8). On 

the other hand, the NFLRT was shown to primarily be where larger individuals clustered. 

While this result does not mean that all individuals in the IRL are smaller than those in 
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the NFLRT, it suggests that as a whole the individuals found in the IRL are of a 

significantly smaller size. 

This finding was confirmed for each species through the comparison of z-scores. 

As part of the output for the hot spot analysis z scores are given to quantify the 

magnitude of the hot or cold spot in that site. For each species the z-scores of individuals 

found in the IRL were compared to the z-scores of the same species in the NFLRT. When 

compared through the use of a t-test, the z-scores were found to be significantly different 

between the IRL and NFLRT for every species (p < 2.2*10-16). Z-scores from the NFLRT 

where on average larger than the z-scores from the IRL, indicating clusters of larger 

individuals. This evidence supports the finding that significantly larger individuals are 

found in the NFLRT.  

These spatial analyses also illustrate where nurseries may be located throughout 

the region. It is clear that smaller fish are most commonly found in estuaries while larger 

individuals are found along the reef. Viewing the entire region there is a large nursery at 

the northern end of the system in the form of the IRL. The NFLRT extends south 

beginning in line with the St. Lucie inlet. One interesting fining is that while species were 

present throughout the reef tract, the largest concentration of fish coincided with the area 

of the NFLRT that was directly adjacent to the IRL. This suggests that reefs will have 

lower abundances of certain species when there is no nursery present. Around the 

Hillsboro inlet the trend seems to shift. In this area of the NFLRT the concentration of 

fish increases but at a smaller scale than was seen around Jupiter Inlet. Unfortunately, in 

this area there is no FIM data so conclusions can only be drawn based on trends seen 

along the reef and the structure of the surrounding coastal habitat. In this area there is the 
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Hillsboro Canal system. The Hillsboro Canal system is extensive and likely acts as a 

nursery for many species of fish. The presence of a nursery in this area would help to 

explain the increased abundance of fish along the adjacent reefs.  

 

Figure 5.8: Results of the hot spot analysis in the entire IRL region for L. griseus. This analysis relates 
clustering patterns to the length of individuals. 

Overall, the data from these analyses suggests that the reefs near strong nursery 

grounds have a higher abundance of fish present. This is most clearly represented near 

Jupiter inlet where the greatest abundance of large adult fish is found. Reefs near smaller 

potential nurseries like the Hillsboro canal display a weaker connection but the 
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abundance of adults is still large. The lowest abundance of adult fish of these species is 

seen in reefs that lack an adjacent river or canal system. Therefore, I conclude that in the 

IRL region the population structure of these species on reefs is strongly influenced by the 

presence of a nursery. 

5.3.1.3 Z-Score Comparisons and Correlations 

After conducting hot spot analyses for each species, the z-scores were extracted 

and related to several variables. The first variables investigated were fish length and the 

presence of seagrass. This test conducted within the IRL area and was done to determine 

whether or not clustering based on length was significantly different between individuals 

on sites where seagrass is present versus sites where seagrass is absent. The results of this 

t-test indicated that 4 species, H. plumierii, H. Sciurus, L. analis, and L. synagris, had 

significantly different z-scores based on the presence of seagrass (table 5.22). In each of 

these species the z-score was significantly smaller in areas where seagrass was present.  

Table 5.22: Results from the z-score vs seagrass presence t-tests  

Species p-value 
Haemulon parra 0.90 

Haemulon plumierii 2.18*10-4 

Haemulon sciurus 9.48*10-5 

Lutjanus analis 3.44*10-13 

Lutjanus griseus 0.35 
Lutjanus synagris 5.73*10-10 

Sphyraena barracuda 0.674 

This finding suggests that, for these species, smaller juveniles are more likely to 

cluster and be found within seagrass beds rather than in areas where seagrass is absent. 

From a behavioral standpoint this finding is significant. It supports the notion that small 

juveniles prefer to live in seagrass beds rather than in more open habitats. This result 

mirrors the findings of many other studies that have shown an association between 
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juvenile fish and seagrass beds (Nagelkerken et al. 2001; Serafy et al. 2015). Small 

juveniles use seagrass to protect against predation and, depending on the species, as a 

source for food (Nagelkerken et al. 2001). As juveniles grow the threat of predation 

decreases and their diets shift which may push them away from seagrass beds and into 

more open flat bottom habitats (Serafy et al. 2015; Munro 1974, Allen 1985). The z-

scores for H. parra, L. griseus, and S. barracuda were found to not be significantly 

different based on the presence on seagrass. 

A Pearson’s correlation test was also performed to determine whether there was 

any relationship between z-scores and the distance to inlets for fish surveyed in the 

NFLRT. This test was selected because for many species the areas containing the largest 

concentrations of smaller individuals were located near inlets.  The r values were found 

to be of moderate strength in a positive direction for all species but H. parra (table 5.23). 

They were also found to be significant in each of the investigated species. Furthermore, 

the r values when relating z-score to inlet distance were found to be stronger than the tau 

values calculated when inlet distance was compared directly to length; potentially 

indicating a stronger correlation between clustering and inlet distance. These results 

suggest that as the distance from an inlet increases so does the z-score. Biologically, this 

means that the further away from an inlet you move, the more likely you are to find 

clusters of larger individuals. Based on these findings groups of smaller individuals are 

more likely to be found in closer proximity to an inlet.  

To determine whether or not these are predictable variables a linear regression 

was run for each species. While the R2 values for this relationship were larger than they 

were when comparing inlet distance to length, the values were still relatively weak. The 
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strongest R2 values were seen in H. plumierii and L. griseus. The remaining species had 

R2 values of 0.10 or lower. This is an interesting finding because it suggests that while 

there is significant correlation between these two variables, the correlation cannot be 

accurately modeled or predicted using a linear regression. It is likely that other factors, 

such as habitat composition or structure are also influencing the clustering patterns of 

these species. 

Table 5.23: Results from the z-score vs inlet correlations and linear regressions in the IRL 

Species cor p-value R2 

Haemulon parra 0.139 0.011 0.019 
Haemulon plumierii 0.524 < 2.2*10-16 0.213 
Haemulon sciurus 0.255 3.64*10-14 0.065 

Lutjanus analis 0.327 < 2.2*10-16 0.107 

Lutjanus griseus 0.439 < 2.2*10-16 0.193 
Lutjanus synagris 0.219 1.6*10-10 0.046 

Sphyraena barracuda 0.227 0.0244 0.051 

5.3.2 Florida Bay Region 

5.3.2.1 Length Distance Correlations 

Length distance correlations were also conducted in the Florida Bay region. 

Figure 5.9 depicts a section of the study area with inlets and mangroves indicated. Within 

Florida bay correlations were only performed for the 4 species that were found in large 

enough abundances: H. parra, H. sciurus, L. griseus, and S. barracuda. The first 

correlation test in this region examined the relationship between length and the distance 

to the nearest inlet. Significant tau values were found in 1 of the 4 species, S. barracuda 

(table 5.24). While S. barracuda had a significant p-value, tau correlation remained very 

low. This suggests that level of correlation between length and inlet distance for this 

species is weak but present. This result is similar to what was seen in the IRL region. In 

that region, tau was significant but indicated a fairly weak correlation. It is likely that the 
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large sample population of S. barracuda in this region made identifying strong 

correlations more difficult. Strong correlations can also be found in smaller study areas 

where smaller portion of the population is investigated. As previously discussed, coastal 

habitats can vary significantly over relatively short areas. If all areas are treated the same 

and analyzed as one large group, regional patterns and trends become apparent while 

smaller scale trends become masked. After Kendall’s Tau Correlation was calculated, 

linear models were created for each species and linear regressions were run. In S. 

barracuda the R2 value was very weak, falling below 0.1. This finding indicates these 

two variables are not related based on a linear relationship and therefore should not be 

used as predictor variables. 

 

Figure 5.9: Part of the IRL Region study area depicting habitats and features of interest. 

The remaining 3 species that were investigated, H. parra, H. sciurus, and L. 

griseus did not have significant tau values. These calculations suggest that the data 

gathered during this study does not support the idea that length and distance to nearest 

inlet are strongly related variables in these species. Furthermore, linear regression models 

show there was little to no linear relationship between length and inlet distance for these 
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species. Overall, at the scale of this study, there was no strong evidence that the distance 

a fish was found from an inlet was related to its length. 

Table 5.24: Results from the length vs inlet distance correlations and linear regressions in Florida Bay 
Species tau p-value R2 

Haemulon parra 0.048 0.324 1.09*10-4 

Haemulon sciurus 0.088 0.073 0.003 
Lutjanus griseus 0.003 0.836 0.002 

Sphyraena barracuda 0.079 1.08*10-10 0.012 

Kendall’s ranked correlation was used to relate fish length to distance to 

mangroves. The tau values when comparing these two variables were found to be 

significant in 3 of the study species: H. parra, L. griseus, and S. barracuda (table 5.25). 

Each of these species showed significant p-values. However, similar to previously 

discussed correlations, the tau value for these 3 species was very weak. When a linear 

model was conducted for each of these species, all showed very weak R2 values. These 

findings suggest that fish length and mangrove distance are not strongly related. While 

there may be low levels of correlation at this scale, the relationship between these two 

variables should not be predicted using a linear regression model. In this region, H. 

sciurus showed no significant correlation between individual length and distance from 

mangroves. Furthermore, its R2 value from the liner regression was very weak. These 

findings suggest length and distance to mangroves are related variables for H. sciurus. 

Overall, these findings mirror the results from previously described correlations. 

The spatial scale of this study allows general trends within a large area to be seen, but 

specific relationships that may be present in a smaller habitat are more difficult to 

determine. The general trend in this area suggests that as distance from mangroves 

increases the size of fish will also increase. However, this trend is weak and highly 

variable. 
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Table 5.25: Results from the length vs Mangrove distance correlations and linear regressions in Florida Bay 

Species tau p-value R2 

Haemulon parra 0.142 0.003 0.032 

Haemulon sciurus 0.048 0.325 0.006 
Lutjanus griseus 0.079 1.31*10-6 0.031 

Sphyraena barracuda 0.036 0.002 0.002 

Correlations were not conducted to investigate the relationship between length 

and distance to seagrass. These tests were not performed because the entirety of the 

Florida Bay survey area fell within seagrass beds, meaning that the distance to seagrass 

was 0 m for almost all individuals sampled. 

In the FL Keys portion of the Florida Bay region, a Kendall’s ranked correlation 

was performed relating fish length to the distance to the nearest inlet. As was previously 

stated, the distance to inlet was used as a proxy to the distance to the nursery habitat. 

Within the Florida Keys population, significant tau values were found in 3 of 4 species 

(table 5.26). These species included L. griseus, S. barracuda and H. sciurus. As 

mentioned in the previous sections, even though each of these species had significant p-

values, their tau values were consistently weak. This finding suggests that, in general, in 

this area there is a very weak positive correlation between fish size and the distance to 

inlets. As the distance from an inlet increases the size of fish slightly increases. 

Furthermore, when a linear regression was performed for each of these species the R2 

value remained low suggesting a weak linear relationship. 

The only species in the Fl Keys habitat that was found to not have a significant 

tau value was H. parra. Kendall’s correlation for this species produced a tau value that 

had a p-value well above 0.05. When a linear regression was run for this species the R 
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squared value remained close to zero. This result indicates that there is no relationship 

between the length of this species and the distance from an inlet. 

Table 5.26: Results from the length vs inlet distance correlations and linear regressions in the Florida Keys 

Species tau p-value R2 

Haemulon parra 0.026 0.650 0.036 

Haemulon sciurus 0.053 0.002 0.005 
Lutjanus griseus 0.188 < 2.2*10-16 0.077 

Sphyraena barracuda 0.031 0.093 0.014 

 In both the IRL and Florida Bay regions, the strength of correlation values and 

linear regressions were similar. In both regions, correlations were relatively weak for 

most species no matter what two variables were used. When the correlation did prove 

significant it could not be accurately modeled using a linear regression. This suggests that 

length and distance measurements are too variable to be explained by a single factor. 

Furthermore, the large sample area and population may affect the correlation 

measurements as previously described. An exploratory regression was performed to 

determine if there was any combination of variables that could function as predictors for 

size, but no combination was found. More work needs to be done to determine what other 

combinations of variable are affecting these correlations and to study this region at 

smaller scales to better understand how correlations vary throughout the region.     

5.3.2.2 Hotspot Analysis 

Hotspot analyses were also conducted in the Florida Bay region. The hot spot 

analyses in this region showed several distinct spatial patterns. In this section only the 

map of L. griseus will be displayed, all other maps can be found in section 7.3 of the 

appendix. In Florida Bay the smallest individuals of S. barracuda were found to 

significantly cluster along the north and northwestern edge of the survey area (figure 
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5.10). Significant cold spot clusters were also seen in L. griseus. Clusters of smaller 

juveniles of this species tended to be spread throughout the southern half of the study 

area. The cold spot clusters of L. griseus were less concentrated and patchier than those 

found for S. barracuda. Clusters smaller length individuals of H. parra and H. sciurus 

were present but seen in few locations and in lower concentrations. This is likely due to 

their relatively low abundance in Florida Bay. The few clusters that where seen of these 

species tended to be located more towards the center and southern edge of the sample 

area. 

Within Florida Bay the distribution of hot spots similar geographically for each 

species. In the bay clusters of larger length individuals were primarily found along the 

north eastern corner of the survey area. Geographically, this area of the survey is the 

closest to mainland Florida. It is possible that the proximity to land and the physical 

properties in that area may influence population structure. It is possible that large 

juveniles may be better able to handle the environmental variability present in these 

areas. However, further investigations should be done to study this relationship. This 

pattern was most apparent in S. barracuda and L. griseus in part due to their large 

abundance in that area. However, clusters of larger length L. griseus were also found to 

continue west along the southern edge of Florida. Hot spots for H. parra and H. sciurus 

were present but at lower concentrations. Clusters of large H. parra were found in the 

eastern half of the survey area similar to what was seen in other species. Clusters of large 

H. sciurus were few in number but were found in the same geographical area as S. 

barracuda and L. griseus. 
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Figure 5.10: Results of the hot spot analysis in Florida Bay for L. griseus. This analysis relates clustering 
patterns to the length of individuals 

Hot spot analyses were also conducted with in the Florida Keys. When this area 

was analyzed, clustering patterns were more variable in their distribution than they were 

in Florida Bay. For S. barracuda the only prominent cluster of smaller sized individuals 

was located in the northern extent of the Florida Keys. Clusters of smaller H. parra were 

found in low concentrations in the southern extent of the Florida Keys study area. These 

clusters were very dispersed, and no dense groups of clusters were present. H. sciurus 

also showed low densities of cold spot clusters. However, these were dispersed 

throughout the central and northern areas of the Keys. The species that showed the 

clearest spatial distribution of clusters of smaller sized individuals was L. griseus (figure 

5.11). Cold spot clusters for this species were found throughout the Keys but were often 

located at the sites closest to shore, in shallow waters. 

The location of hot spots also varied along the Florida Keys. The clearest pattern 

of hot spot distribution was seen in L. griseus. For this species, clusters of larger sized 
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individuals were most commonly found near drop offs where the water depth increases. 

The remaining species under investigation did not show any clear patterns in location of 

hot spots. In the species S. barracuda, there was only one moderately significant cluster 

of larger sized individuals which was found in the northern portion of the Florida Keys. 

This result is similar to what was seen in the barracuda surveyed in the NFLRT. In both 

regions there were very few clusters of large or small individuals. Most sites were found 

to not be significant which suggests that barracuda do not cluster with similar sized 

individuals. This is most likely caused by barracuda’s transient behavior. H. sciurus had 

two small clusters of larger individuals, one in the central portion of the study area and 

another found in the northern portion of the Florida Keys. Lastly, there were a handful of 

hot spot clusters found in the Keys for the species H. parra. While there were only a few 

clusters of large individuals present, they were all found in the central portion of the Keys 

study area. The location of clusters proved to be highly variable in both the Florida Keys 

and the NFLRT. It is likely that the seemingly random locations of hot and cold spots are 

actually influenced by characteristics of the reef and bay habitats such as depth, habitat 

structure, and stratum type. 
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Figure 5.11: Results of the hot spot analysis in the Florida Keys for L. griseus. This analysis relates 
clustering patterns to the length of individuals 

Lastly, hot spot analyses were run for each species through the entire Florida Bay 

region under study. As in the IRL, this was done to investigate regional length patterns. 

The results of the spatial analysis confirm the findings from the length frequency 

distributions. For each of the 4 species analyzed in this region, Florida Bay was 

dominated by clusters of smaller length individuals (figure 5.12). Florida Keys was 

dominated by clusters of larger sized individuals however, a few cold spots were present. 

This finding suggests that the length of fish living in Florida Bay is significantly smaller 

than lengths measured in the keys. Unlike what was seen in the NFLRT, the Florida Keys 

contained both hot and cold spots for H. parra and H. sciurus. These clusters of smaller 

sized individuals were only found in a single small area of the keys. A small cluster of H. 

parra was identified in the southern extent of the keys sample area, near Layton. Clusters 

of smaller H. sciurus were found in the middle of the survey area off the coast of 
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Tavernier and Plantation. This finding coupled with the presence of juveniles in the area, 

lead me to believe that these areas are utilized as alternative nursery sites. The cause of 

this pattern could not be determined in this study, therefore more surveys should be 

conducted in this area.  

The results of S. barracuda and L. griseus were much more similar to what was 

seen in the NFLRT. For each of these species the Florida Keys were dominated by 

clusters of larger individuals. These finding suggest that, as a whole, the individuals 

found in Florida Bay are of a significantly smaller size than the individuals captured in 

the Florida Keys. This result was confirmed for each species through the comparison of 

z-scores. Each species of interest had the z-scores of individuals captured in Florida Bay 

compared to the z-scores of the individuals captured in the Florida Keys. When compared 

using a t-test the z-scores were significantly different between Florida Bay and the 

Florida Keys for every species (p < 2.2*10-16). This finding also suggests that clusters of 

larger individuals were more often found in the Florida Keys rather than in Florida Bay. 

The spatial analyses in this region illustrate the differences between the IRL 

region and the Florida Bay region. It is clear that in the Florida Bay region smaller fish 

are most commonly found in the bay while larger individuals are found along the reef. 

Viewing the entire region, the largest concentration of clusters in the bay nursery are 

found along the shore of mainland Florida. This finding indicates that nurseries directly 

adjacent to land have a larger abundance of juvenile fish than habitats further off coast. 

The Florida Keys surround the nursery habitat on the eastern and southern sides, allowing 

a large portion of juveniles in the bay direct access. Unlike the NFLRT, the concentration 

of clusters along the Florida Keys was fairly consistent. This even distribution suggests 
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that the majority of the reef system is receives similar juvenile input from Florida Bay. 

There is a slight decrease in concentration of clusters in the western extent of the reef. 

This may be caused by the increased distance from the main nursery in Florida Bay. 

Unfortunately, a large portion of Florida Bay was not covered by the FIM survey. 

Therefore, I am unable to determine the population structure of species in certain areas. 

Florida Bay is an expansive nursery site and the size and complexity of this nursery 

would help to explain the relatively consistent abundance of larger fish along the keys.  

 

Figure 5.12: Results of the hot spot analysis in the entire Florida Bay region for L. griseus. This analysis 
relates clustering patterns to the length of individuals 

Overall, the data from these analyses suggests that the Florida Keys are strongly 

linked to Florida Bay. When the bay is functioning as a healthy nursery, large 

concentrations of adults are found along the Florida Keys. This is most clearly 

represented by L. griseus which displays the strongest connection to the bay. The other 

species under investigation show a dependence on the nursery system based on the lack 

of mature species present in the bay and the abundance of larger individuals on the reef. 
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However, while this connection is present, it does not appear as strong when compared to 

L. griseus. This may be influenced by the smaller populations of the grunt species or the 

transient behavior of the barracuda.  based on these findings I conclude that within the 

Florida Bay region, the population structure on reefs is strongly linked to the Florida Bay 

nursery. 

5.3.2.3 Z-Score Comparisons and Correlations 

After conducting hot spot analyses for each species, the z-scores were extracted 

and related to several variables. In Florida Bay z-scores were related to the distance to 

mangroves. This test was done to determine whether or not clustering of species was 

influenced by their proximity to mangrove forests. The results of this correlation 

indicated that 2 species, L. griseus and S. barracuda, had significant r values (table 5.27). 

While the r values of these species were highly significant, they were still very weak. 

One interesting finding in this area was that the r values for these species was negative. 

This result suggests that as distance from the mangroves increases clusters of smaller 

individuals are more likely to be found. This finding is opposite the results found in the 

IRL where size increased as distance increased. This difference is likely due to the 

difference in habitat structure. While the IRL is a lagoon that is almost entirely enclosed, 

Florida Bay is much more open and dominated by seagrass beds and mangrove forests. 

The r value for H. parra and H. sciurus were found to not be significant. This finding 

suggests that, for these species, clustering of large or small individuals is not strongly 

related to mangrove distance. Linear regressions were conducted for each of the 4 

species. Even though L. griseus and S. barracuda were found to have significant 

correlation between the variables, the R2 value for all 4 species was very weak. Overall, 
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these findings suggest that clustering patterns are weakly correlated, if at all correlated, to 

mangrove distance at a regional scale.   

Table 5.27: Results from the z-score vs mangrove distance correlations and linear regressions in Florida 
Bay 

Species  r value p-value R2 

Haemulon parra -0.023 0.739 5.5*10-4 

Haemulon sciurus 0.086 0.225 0.007 
Lutjanus griseus -0.071 0.003 0.005 

Sphyraena barracuda -0.085 3.57*10-6 0.007 

Following the correlation between z-scores and mangrove distance, another 

Pearson correlation was performed to determine whether there was any relationship 

between z-scores and the distance to inlets for fish surveyed in the Florida Keys. The 

results of these correlations indicated significant r values in all 4 species (table 5.28). 

Similar to what was found in the IRL region, when the z-scores from the reefs were 

correlated to inlet distance, some of the strongest correlations in the region were found. 

The r values of H. sciurus, L. griseus, and S. barracuda were all positive indicating that 

as the distance from an inlet increases so does the z-score. This finding suggests that the 

further away from an inlet a cluster is, the lengths on individuals in the cluster will be 

larger. H. parra had a negative r value indicating that as the distance from an inlet 

increases the z-score decreases. This finding suggests that as the distance from in inlet 

increases, clusters are more likely to be dominated by smaller individuals. This result 

may be caused by the location of nursery sites along the reefs as these sites might 

naturally occur in areas further away from inlets. While the r value for this species was 

negative it was also very weak. When areas of the keys are analyzed at a smaller scale it 

is possible that a positive correlation may be found in some areas. However, at a regional 

scale these are not strong predictor variables for H. parra. 
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Table 5.28: Results from the z-score vs inlet distance correlations and linear regressions in the Florida Keys 

Species  r value p-value R2 

Haemulon parra -0.023 0.0045 0.053 

Haemulon sciurus 0.33 <2.2*10-16 0.112 
Lutjanus griseus 0.65 <2.2*10-16 0.431 

Sphyraena 
barracuda 

0.12 0.034 0.015 

Similar to the previously described correlations a linear regression was run for 

each species. While the R squared values for this relationship were larger than they were 

in previous regressions, the values were still relatively low in all except of L. griseus. The 

R2 values were calculated for L. griseus were of moderate strength. This R2 value 

suggests that the relationship between the size of individuals in a cluster and the distance 

to the inlet share a positive and fairly linear relationship. 

Overall, at a regional scale, correlations based on clusters of individuals were 

much stronger than correlations based on specific individuals. This trend may change at 

smaller scales when specific areas and habitats can be analyzed in more detail. Smaller 

scale studies would also allow researchers to determine how correlations and trends based 

on size change depending on the habitat.  

 Based on the results from both the NFLRT and the Florida Keys, it is likely there 

are other variables aside from inlet distance that influence the cold or hot spot clusters. 

One possibility is the structure and composition of the reef in certain areas may influence 

what size fish cluster there. Coral reefs are complex habitats with a wide variety of 

stratum and niches, some of these habitats may function as potential nursery habitats. It is 

possible that some areas of the reef provide more benefits to juveniles or smaller adults 

than they would gain from other habitats on the reef. An alternate explanation is that 

juveniles moving into or exploring their adult habitat may settle onto these reefs 
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temporarily before moving deeper into the reef. This action would increase the clustering 

of smaller sized individuals. A similar process was seen by Huijbers et al. (2015) who 

showed that the transition from juvenile to adult habitat is not an abrupt change. Some 

species of fish slowly transition onto coral reefs, first exploring closest areas before fully 

moving onto the reef (Huijbers et al. 2015) 
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6 CONCLUSION

                   The majority of species investigated in this study displayed the 

nursery effect to some degree. This research clearly showed that coastal areas, like the 

IRL and Florida Bay, house primarily juvenile fish while mature fish are most commonly 

found on coral reefs. Because of this, the coastal sites are important recruitment sources 

for the adult population.   

The first objective of this study was to determine the abundance and density of 

each species of interest. After analyzing patterns in abundance, it was determined that 

although the abundance of species changes depending on both the regional and local 

location, the densities at each site remain constant within each study area. These tests also 

showed that the species composition differed regional. This finding suggests that 

although both the IRL and Florida Bay are coastal estuaries, differences in ecosystem 

structure and functioning cause differences in species presence and abundance.  

The second objective of this study was to analyze and compare length 

distributions from each study location. Results from this portion of the study showed the 

coastal estuaries were dominated by juveniles while mature sized individuals were found 

in highest concentrations in reef habitat. This investigation also showed that the strength 

of the nursery effect can vary regionally as the IRL functioned as a nursery ground for all 

7 species of interest while Florida Bay was considered a nursery ground for only 4. It is 

likely the species that do not use the bay as a nursery utilize an alternative nursery site or 

the reef itself. The strength of the relationship between nursery and adult habitats varied 
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between species. In the IRL region L. griseus, L. analis, and S. barracuda displayed the 

strongest and clearest connection between juvenile and adult habitat. In the Florida Bay 

region L. griseus and S. barracuda displayed the strongest connection. The connection 

between habitats for the other species investigated in each region were present but were 

often less well established.   

The final objective of this study was to analyze the spatial distribution of each 

species to determine patterns in the distribution of individuals and clusters in each study 

area. This study showed that some species living within nursery and adult habitats 

showed preference for specific areas through spatial clustering. It was discovered that the 

river systems that empty into the IRL are home to large concentrations of small juveniles 

while large juveniles are most commonly found within the body of the lagoon. The 

results also suggested that within the IRL region the species abundance along the NFLRT 

is linked to the strength of the nursery. Reefs closest to the IRL had the greatest 

abundance and the largest concentration of hotspots, followed by reefs adjacent to 

smaller canal or river systems, with the lowest abundance and concentration 

corresponding to areas of the coast that lack river or estuary systems. In the Florida Bay 

region, the presence of scattered cold spots found along the Florida reef tract suggest that 

some areas of the reef may function as nurseries, further supporting the population of the 

adult habitats. The results from this region also highlighted how the bay is likely to 

function as a nursery for a large portion of the Florida Keys. This finding was based on 

the relatively stable concentration of hotspots and fish throughout this portion of the reef 

system.  
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There were several limitations discovered when conducting this study. One of the 

largest limitations was the dependence on secondary data sources. While the data from 

these studies allowed me to investigate large coastal areas, I was limited I was limited to 

specific regions. Furthermore, data from secondary sources may cover different time 

periods. In this study I was limited to studying the 2007 -2009 surveys of Florida Bay 

because these were the most recent possible.  

Another limitation came from the differences in sampling methodology between 

the coastal and reef surveys. Because the coastal and reef data came from different 

sources the methodology used during the surveys was different. The surveys along 

nursery ground utilized seine nets and trawls to capture and record species while the reef 

surveys utilized a visual census technique. This difference made comparing reef and 

nursery sites more difficult and the differences in survey techniques may have had an 

influence on which species were more likely to be captured. 

A final limitation comes from the scale of this study. Because it covered a large 

area it is good for analyzing regional trends. However, this scale makes drawing 

conclusions about a specific area more challenging. Habitats like coral reefs are 

extremely complex. The structure and composition of a coral reef can change over a 

relatively small area. In turn, these changes can influence the behavior, presence, and 

population structure of surrounding species. The scale of this study made it impractical to 

investigate how those habitat differences affected specific species.  

Future studies in these regions should focus on getting more detailed results over 

a smaller study area. This study showed that species use the IRL and Florida Bay as 

nurseries. However, there are likely patterns and relationships that do not appear at such a 
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large scale. More studies should also be done to investigate how specific areas of the 

nursery. Areas like the St. Lucie river showed unique results. These areas should be 

investigated further to provide a more detailed picture regarding their role in the 

functioning of the nursery habitat. Lastly, more studies should be done in the areas 

between the IRL and Florida Bay. The costal FIM data did not cover that region however, 

there may be important nursery sites located in areas.  

Studies like this can have direct applications for the management of economically 

and environmentally important fisheries. For example, the populations of juveniles and 

mature individuals is needed to determine the maximum possible yield of a species. The 

growth and size distributions of species are critical when predicting the effect of 

environmental changes, describing the age structure of a population, and when 

determining whether or not a species is exploitable. Furthermore, spatial analyses 

describing the locations of juveniles and adults can be extremely beneficial when 

designing and implementing protected areas and management plans. Studies have shown 

that protecting juvenile habitat enhances the adult population and fisheries management. 

Coastal sites are often overlooked when it comes to management plans. However, 

as shown by this study, they are often critically important habitat to the juveniles of many 

species of fish.
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7  APPENDIX 

7.1 TABLES

Table 7.1: Number of mature length individuals in the IRL for each species 

Species Number of mature length individuals 

Haemulon parra 10 
Haemulon plumierii 1 
Haemulon sciurus 3 

Lutjanus analis 12 
Lutjanus griseus 189 
Lutjanus synagris 6 

Sphyraena barracuda 27 
 

Table 7.2: Number of mature length individuals in FL Bay for each species 

Species Number of mature length individuals 

Haemulon parra 64 
Haemulon plumierii 0 
Haemulon sciurus 22 

Lutjanus analis 0 
Lutjanus griseus 451 
Lutjanus synagris 0 

Sphyraena barracuda 14 
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7.2 IRL REGION HOT SPOT MAPS 
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Figure 7.1: Results for the IRL hot spot analysis. 
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Figure 7.2: Results for the NFLRT hot spot analysis 
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Figure 7.3: Results for the IRL Region hot spot analysis 
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7.3 FLORIDA BAY REGION HOT SPOT MAPS 

 

Figure 7.4: Results for the Florida Bay hot spot analysis 
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7.3.1 Florida Keys Hot Spots 

 

Figure 7.5: Results for the Florida Keys hot spot analysis 
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7.3.2 Florida Bay Region Hot Spot Maps 

 

Figure 7.6: Results for the Florida Bay region hot spot analysis 
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