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Abstract 

Nursery Habitat Characteristics of Juvenile Tarpon, Megalops atlanticus,  

in the northern Indian River Lagoon, FL 

Author: Austen Zugelter 

Major Advisor: Jonathan Shenker, Ph. D. 

 

 The life history of tarpon is complex, involving multiple ontogenetic habitat 

shifts, which spatially separate larval, juvenile, and adult populations. Juvenile 

tarpon are obligate users of mangrove and marsh ecosystems as nursery habitats, 

whereas adults use the coastal ocean. Habitat loss/fragmentation due to coastal 

development however, threatens the availability and quality of obligate juvenile 

tarpon nursery habitat. Furthermore, there is a general lack of data on the 

environmental characteristics and spatial coverage of these important habitats. The 

goal of the present study was to identify potential environmental characteristics 

related to juvenile tarpon habitat utilization in the northern Indian River Lagoon, 

Florida to aid in habitat identification and conservation. An occurrence dataset for 

young-of the-year (YOY) tarpon was compiled in fall 2018 and consisted of 56 

sites between three subregions, tarpon were found in 22 of the sites. A generalized 

linear mixed model (GLMM) was used to examine the effects that water access, 

habitat alteration, and degree of mangrove edge had on juvenile tarpon occurrence. 

There were observable relationships between water temperature or salinity and the 
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presence or absence of juvenile tarpon. Restricted water access, mainly in the form 

of culverts, was found to have a positive effect on tarpon occurrence, whereas sites 

with no habitat alteration or a low degree of mangrove edge had a negative effect 

on tarpon occurrence. The effect that water access and habitat alteration had on 

juvenile tarpon occurrence highlights the important role human-altered habitats, 

including mosquito control impoundments, have in regards to juvenile tarpon 

habitat utilization in the northern IRL. Sites described as having a high degree of 

mangrove edge accounted for 73% of tarpon occurrences, which further supports 

the idea that mangroves influence this species. The data suggests that juvenile 

tarpon are associated with narrow water bodies, with a mean width of 7 m. To 

address the validity of these habitat characteristics, a subset of sites were reassessed 

in fall 2019. The results of the reassessment agreed with the habitat characteristics 

proposed in the initial habitat assessment. Furthermore, the reassessment supported 

the hypothesis that juvenile tarpon population densities are not high enough in this 

region to fully saturate all potential habitats. Instead, individuals may move 

amongst adjacent habitats, with similar characteristics to utilize a larger habitat 

mosaic. These environmental characteristics that were found to be associated with 

juvenile tarpon nursery habitats in the northern IRL could be beneficial in the 

establishment of nursery habitat restoration and management strategies of juvenile 

tarpon. 
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Introduction 

 The Atlantic tarpon (Megalops atlanticus) is a highly desirable, recreational 

sportfish found throughout the tropical, subtropical, and warm temperate waters of 

the Western Atlantic from Virginia to Brazil, including the Gulf of Mexico and the 

Bahamas (Wade, 1962; Zale & Merrifield, 1989). For many of these locations, this 

species supports valuable recreational fisheries by drawing anglers from around the 

world, which can contribute greatly to the local and state economies (Fedler, 2013). 

For example, the recreational tarpon fishery of Florida’s east coast alone is 

estimated to have an annual economic impact of $19 million (Fedler, 2011; 

Cianciotto et al., 2019). Despite the economic and recreational interest in tarpon, 

large knowledge gaps still remain in regards to their biology, ecology and 

population dynamics (Shenker et al., 2002; Adams & Cooke, 2015; Wilson et al., 

2019).  

 Tarpon are a large, coastal species that can reach over 2 meters in length 

and have a lifespan of up to 80 years (Crabtree et al., 1995; Andrews et al., 2001). 

The life history of tarpon is complex, involving multiple ontogenetic habitat shifts, 

which spatially separate larval, juvenile, and adult populations (Shenker et al., 

2002; Barbour & Adams, 2012; Adams et al., 2014). Studies have found that on 

average, tarpon reach sexual maturity at >130 cm and 7-12 years, however there is 

considerable variation across its range (Crabtree et al., 1997; Ault et al., 2007; 

Adams & Cooke 2015). Adult tarpon are highly migratory, and preferentially 
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inhabit nearshore and open coastal habitats over a wide range of salinities (fresh to 

hypersaline) and temperatures (17-36°C) (Zale & Merrifield, 1989; Crabtree et al., 

1995; Ault et al., 2007; Lou & Ault, 2012). Recent pop-up archival transmitting 

(PAT) tagging studies have shown that adult tarpon undergo seasonal migrations 

that can span hundreds to thousands of kilometers within 2-3 months, moving from 

south Florida to the northern Gulf of Mexico (GOM), or from Mexico along the 

western Gulf coastline to the same region in the northern GOM during the early to 

late summer, and back south in the fall (Ault et al., 2007). Along the Atlantic coast 

tarpon also exhibit seasonal migration patterns, moving north in the spring through 

early summer months, then south during the fall and winter (Ault et al., 2007). 

During the northward migrations in the GOM, mature tarpon have been observed to 

move from inshore and nearshore habitats to form large aggregations 

approximately 2-5 km offshore (Crabtree et al., 1992). Based on larval distribution 

studies, it has been inferred that fish in these aggregations move further seaward to 

spawn from May to August, with Stein et al. (2016) finding evidence of spawning 

along the edge of the continental shelf in the northern GOM (Crabtree 1995; 

Crabtree et al., 1992, 1997; Shenker et al., 2002). Based on back-calculation of 

hatching dates, Shenker et al., (2002) found that larvae captured along the east 

coast of Florida were spawned around the full moon periods in May, June and July 

(Crabtree, 1995). However, the exact timing and triggers for spawning have not 

been fully described (Ault et al., 2007).  
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The leptocephalus larvae, the synapomorphic unifying characteristic of 

tarpon and other Elopomorph fishes, are planktonic for about 25 days (Shenker et 

al., 2002). Zale and Merrifield (1989) characterized the leptocephalus by their long, 

ribbon-like, colorless, transparent body, large fang-like teeth, a very small head, 

and small fins. Leptocephalus larvae are transported to inshore estuarine systems 

before metamorphosing into juveniles and migrating deep into mangrove/marsh 

habitats (Shenker et al., 2002; Mace et al., 2018). Cyr (1992), suggests that 

metamorphosis is a response to signals associated with estuarine habitats, such as 

reduced salinity or turbidity. However, little is known about the patterns and 

mechanisms of onshore movement that link pelagic leptocephalus larvae to the 

estuarine systems that have been identified as post-metamorphic juvenile tarpon 

habitats (Shenker et al., 2002).  

After moving into coastal habitats, tarpon larvae complete their 

metamorphosis into the juvenile stage at an average total length (TL) of 40 mm, but 

complete juvenile development is not evident until 130 mm TL (Wade, 1962). At 

this stage in development, juveniles morphological characteristics resemble adults 

in general appearance (Zale & Merrifield, 1989). Juvenile tarpon are crepuscular, 

generally feeding during the low light hours of sunrise and sunset and into the night 

if sufficient light is present (Robins, 1977; Ault et al., 2007).  The young of the 

year (YOY) juvenile diet consists of zooplankton, small crustaceans, polychaetes, 

and insects (Jud et al., 2011). A dietary shift to piscivory has been identified by 
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Harrington and Harrington (1960) as juvenile tarpon reached 75-100 mm. Jud et al. 

(2011) observed similar dietary shifts at this size class but found a proportion of the 

diet still consisted of other prey taxa, including copepods, shrimps and amphipods.  

Juvenile tarpon are obligate users of mangrove and marsh ecosystems as 

nursery habitats until emigrating to coastal waters at about 600-800 mm TL (Zale 

& Merrifield, 1989; Murchie, 2015; Wilson et. al., 2019). Juvenile habitats have 

been described as stagnant, highly turbid, secluded estuarine backwaters, which 

offer high prey availability and lowered predation rates (Wade, 1962; Zale & 

Merrifield, 1989; Crabtree et al., 1995; Jud et al., 2011; Mace et al., 2018; 

Cianciotto et al., 2019; Wilson et al., 2019). YOY tarpon are uniquely adapted to 

thrive in these habitats due to a highly vascularized swim bladder, allowing for the 

utilization of atmospheric oxygen via ‘gulping air’ when exposed to the hypoxic or 

anoxic conditions, which are common in these types of environments (Geiger et al., 

2000; Wilson et al., 2019). This specialized adaptation allows juveniles to occupy 

habitats that exclude many predators and competitors (Seymour et al., 2008; 

Wilson et al., 2019). However, there are little to no available data on the spatial 

extent and locations of these obligate nursery habitats, which is a necessary 

component needed for habitat conservation (Rubec et al., 2001; Adams et al., 2014; 

Wilson et al., 2019). 

Nurseries for juvenile fishes have been classically defined as homogeneous 

habitats that contain comparatively high densities of juveniles, which facilitate their 
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survival, growth and emigration (Beck et al., 2001). A more recent investigation by 

Litvin et al. (2018) refines this definition to consider mangroves and many other 

nursery habitats as complex mosaics, with dynamic processes such as connectivity, 

ontogenetic shifts and prey availability affecting nursery function. These 

complexities within the habitat mosaic may result in spatial variability in successful 

nurseries. Analysis of the habitat conditions that contribute to successful nurseries 

can lead to habitat management and restoration strategies that enhance the value of 

nursery habitat for the adult population (Rose et al., 2015; Litvin et al., 2018; 

Cianciotto et al., 2019).   

Coastal development and degradation threaten natural estuarine ecosystems 

globally (Schmitter-Soto et al., 2017); with worldwide losses of 50% of salt 

marshes (Brown 2006) and 35% of mangrove forests (Valiela et al., 2001). 

Extensive human utilization of the coastal zone of Florida has dramatically altered 

historical mangrove habitats, resulting in the fragmentation of the natural habitat 

mosaic, as well as impeding ontogenetic habitat shifts of many species (Barbier et 

al., 2001; Cianciotto et al., 2019). The most important nursery grounds for juvenile 

tarpon in the continental United States are located in Florida, as it is the only state 

where water temperatures consistently stay within the species’ tolerance range 

(Howells 1985; Jud et al., 2011). However, habitat loss/fragmentation due to 

coastal development threatens the availability and quality of obligate juvenile 

tarpon nursery habitat (Adams et al., 2014; Murchie 2015; Wilson et al., 2019). 
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Anthropogenic alteration to these mangrove habitats, in the form of mosquito 

control impoundments, further fragments the habitat mosaic. For example, at least 

16,000 ha of saltmarsh habitat, accounting for nearly all the coastal marsh habitat 

of the 250 km long Indian River Lagoon (IRL), have been impounded for mosquito 

control (Rey and Kain, 1990; Cianciotto et al., 2019). Presently, the only 

connectivity between many of these impounded marshes and the adjacent IRL are 

culverts, which are closed during the summer months so the impoundment can be 

filled with water to inhibit reproduction of salt-marsh mosquitos (Gilmore et al., 

1982; Rey & Kain, 1990). 

The objective of this study was to identify and assess the environmental 

characteristics of juvenile tarpon habitats within the northern portion of the Indian 

River Lagoon on the east coast of Florida. The study focused on the following: 1) 

compilation of the first YOY tarpon occurrence dataset for the northern Indian 

River Lagoon, 2) characterization of the study habitat, 3) identification of key 

environmental factors associated with juvenile tarpon habitat utilization.  
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Methods 

Experimental Design 

 The Indian River Lagoon (IRL) ecosystem extends 250 km along the east 

coast of Florida (Barile 1993) and consists of three interconnected water bodies: 

Mosquito Lagoon, the main Indian River Lagoon, and the Banana River Lagoon 

(Tremain & Adams, 1995). The water depth throughout the majority of the IRL is 

between 1 and 3 m (Barile 1993). Salinities in the IRL are highly variable as a 

result of season patterns of freshwater inputs and evaporation (Dawes et al., 1995). 

The ecosystem has three permanent openings to the Atlantic Ocean (Sebastian, Fort 

Peirce, and St. Lucie Inlets), which provide pathways for movement between the 

estuary and ocean for larval, juvenile and adult organisms (Dawes et al., 1995). The 

high species richness of the IRL can be attributed to its diverse coastal and 

submerged vegetation, including seagrass beds, salt marshes, and mangrove forests 

(Dawes et al., 1995). 

Although juvenile tarpon in coastal marshes of the IRL are often targeted by 

recreational anglers (pers. obs.) and have been frequently reported by researchers 

working in those habitats (Poulakis et al., 2002; Gilmore et al., 1982; Shenker pers. 

comm.), a systematic characterization of their nurseries has not yet been performed. 

For this project, a juvenile tarpon occurrence data set for portions of the northern 

Indian River Lagoon was compiled through field sampling in fall 2018, with a 

subset being resampled in fall 2019. The sampling design established three 



8 

 

subregions within the IRL, at varying distances from the Sebastian Inlet (Figure 1), 

which Shenker et al. (2002) proposed as a primary source of larval recruitment for 

the region. Subregion 1 was located directly North of the Sebastian Inlet along the 

western side of the barrier island (Figure 2). Subregion 2 encompassed the southern 

end of Merritt Island, between Route 520 and 528 causeways (Figure 3). Subregion 

3 encompassed central Merritt Island, between Route 528 Causeway and Nasa 

Parkway (Figure 4).  

ArcMaps 10.3 was used to create polygon shapefiles of each subregion. The 

statistical framework R (R Core Team, 2019) was used with the ‘sp’ (Bivand 2013) 

package to generate 100 randomly selected sites within each subregion. The St. 

Johns River Water Management District’s wetland shapefile was used as a mask to 

ensure that only wetland/marsh/open water environments would be incorporated 

into the random sample of each subregion (SJRWMD, 2018). Since many potential 

sites were located deep within mangrove forests, or could not be reached by the 

assessment teams, the potential sampling locations were plotted in Google Earth 

over satellite imagery to determine site accessibility. Sites that were deemed 

inaccessible based on current satellite imagery were removed from the sample pool. 

This process identified 37 potential sites in Subregion 1, 31 in Subregion 2, and 36 

in Subregion 3. 
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Figure 1: Locations of juvenile tarpon sampling Subregions 1-3 in relation to the Indian River Lagoon, 

Fl. Subregion 1 is outlined in red, Subregion 2 in orange, Subregion 3 in yellow. 
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Figure 2: Designated juvenile tarpon sampling locations in Subregion 1 (red icons; n=37). 
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Figure 3: Designated juvenile tarpon sampling locations in Subregion 2 (red icons; n=31). 
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Figure 4: Designated juvenile tarpon sampling locations in Subregion 3 (red icons; n=36). 
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Data Collection 

 Habitat surveys were conducted at each accessible site between October 

2018 and February 2019 with a subset of the sites being reassessed in October 

2019. All sampling was conducted between 0700-1100 to reduce potential daytime 

variability in the air gulping frequency of juvenile tarpon. Surveys were conducted 

by teams of 2-3 technicians who had been trained to recognize the air-breathing 

activity of tarpon in the highly turbid water that was typically found at all sites, and 

to collect a series of water quality and habitat structure data. Because the noise of 

footsteps and talking appeared to inhibit the airbreathing behavior of juvenile 

tarpon, survey teams remained quiet and motionless for 5 minutes prior to the start 

of a 10-minute observation period to determine tarpon presence. Water quality and 

habitat data were collected upon completion of the observation period. 

On each sampling date, the survey team walked on paths along the 

waterway to reach each survey site within a portion of the subregion. If a site was 

deemed inaccessible by the field technician and there was no adjacent accessibility, 

the site was removed from the sample pool. If it was possible to survey the adjacent 

habitat within 50 m of the inaccessible site, the field technician would record the 

GPS coordinates and perform the habitat survey at the alternate location. The 

habitat survey incorporated visual observations, water quality measurements, site 

characterizations, and video records. Juvenile tarpon presence/absence was 

determined via visual observation at each site, with the focus being on the species 
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unique “rolling” behavior to gulp air. Tarpon size class was estimated based on 

visual observations of the rolling individuals and categorized as either YOY (<12”) 

or other (≥12”). 

Salinity and water temperature were measured at each site using a YSI-

EC300A. Site characteristics included visual estimates of extent of mangrove edge, 

extent of habitat alteration, and water access. Extent of mangrove edge was defined 

as the proportion of mangrove fringe to the total shoreline and categorized as either 

Low (<25%), Medium (26-75%), or High (>76%). Extent of habitat alteration was 

defined as the amount of habitat that had been anthropogenically effected and was 

categorized as one of the following: None (‘natural’ system), Some (partial degree 

of development), or All (completely developed site). Water access was determined 

based on habitat accessibility via water during various tides and categorized as one 

of the following: Open (direct connection to the adjacent IRL), Culvert (either 

permanently or intermittently open under roadways or providing access into 

mosquito control impoundments), or Ephemeral (connected infrequently due to 

storm related flooding events). A video record of each site was also completed and 

consisted of a 15-30 second video slowly panning across the site.  
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Table 1: Overview and description of each column compiled in the occurrence dataset. * signifies the 

combination of 1 or more levels of a categorical variable. 

Dataset Variable Description Data Type Categories/Example 

Site ID Unique numeric label within each 

subregion 

Nominal 1,2,3,4,…100 

Subregion Discrete sampling regions within 

the Indian River Lagoon, FL 

Nominal 1-Sebastian 

2-S. Merritt Island 
3-N. Merritt Island 

Longitude Decimal degrees Numeric i.e. “-80.6961” 

Latitude Decimal degrees Numeric i.e. “28.43452” 

Tarpon Presence  The presence/absence of tarpon at 

a site  

Binary 0-Absent 

1-Present 

Size Class 

Estimate 

Categorizing the size of the 

individuals based on the desired 

size for the study 

Nominal < 12” 

>12” 

Extent of 

Mangrove Edge 

Ranking the proportion of 

mangrove shoreline at a site  

Categorical Low (<25%) 

Medium (26-75%) 

High (>76%) 

Extent of Habitat 

Alteration 

Habitat categorization based on 

the degree of anthropogenic 

impact 

Categorical None (natural system) 

Some (partial degree of         

development) 

All (completely developed 

site) 

Altered* (Some and All 
combined) 

Water Access Categorizing the 

accessibility/connectivity of a site 

Categorical Open 

Culvert 

Ephemeral 

Restricted* (Culvert and 

Ephemeral combined) 

Wetland Type Wetland shapefile consisting of 7 

distinct wetland types for the 

state of Florida 

Categorical  1-Marine Deepwater  

2-Marine Wetland 

3-Freshwater Emergent  

4-Freshwater Forested 

5-Freshwater Pond 

6-Lake 

7-Riverine 

Water 

Temperature 

Measured at each site using a 

YSI-EC300A (Celsius)  

Continuous i.e. “20.3 ˚C” 

Salinity Measured at each site using a 
YSI-EC300A (ppt) 

Continuous  i.e. “21.38 ppt” 

Width of 

Waterway 

Remotely measured site 

waterbody width using ArcMaps 

10.3 (meters) 

Continuous  i.e. “12.1 m” 

Estimated Depth Visually estimated to the nearest 

foot (converted to meters) 

Continuous  i.e. “0.3 m” 
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Data Analysis  

 Microsoft Excel was used to organize the data collected during the habitat 

surveys. The dataset included the following parameters of interest: site ID, 

subregion, longitude, latitude, tarpon presence, size class estimate, degree of 

mangrove edge, extent of habitat alteration, water access, wetland type, water 

temperature, salinity, width of waterway, and estimated depth (Table 1). The 

statistical framework R (R Core Team, 2019) was used for all data visualizations, 

data analyses, and model building. To visualize the dataset, a scatter plot and box 

plot of each continuous environmental variable was generated using base graphics 

in R. The packages ‘dplyr’ (Wickham et al., 2019) and ‘ggplot2’ (Wickham 2016) 

were used to generate a side by side bar plot for each categorical environmental 

variable with groupings based on occurrence.  

 To understand the effect of these environmental variables on juvenile tarpon 

occurrence, a Generalized Linear Mixed Model (GLMM) was run using the ‘lme4’ 

(Bates et al., 2015) package in R. This model was chosen based on the following 

advantages: the ability to utilize a binary variable as the response (i.e. the presence 

or absence of juvenile tarpon), the incorporation of categorical variables as fixed 

effects, and the capacity to account for the random effect of sites. All continuous 

environmental variables were first standardized using the z-score standardization 

technique. The first model iteration was run with presence/absence as the response 

variable, site as a random effect, and all environmental variables as fixed effects. 
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The variables used in the analysis are provided in Table 1. This iteration failed to 

converge due to the following two reasons: 1) confounding variables, 2) potential 

model overfitting due to the large number of covariates (20) relative to the small 

number of observations (56). To simplify the model, the following variables were 

removed: water temperature, salinity, and estimated depth. For the variable 

mangrove edge, the level “medium” was combined with level “high”. For the 

variable habitat alteration, the levels “all” and “some” were combined to create the 

level “altered”. For the variable water access, the levels “ephemeral” and “culvert” 

were combined to create the level “restricted”. A correlation matrix was then run 

between the remaining variables to identify highly correlated variables (>0.7, <-

0.7). The variable wetland type was highly correlated (0.67) with the variable water 

access, therefore the variable wetland type was removed from the model. The 

variable width of waterway was also removed because it was confounding with 

other fixed effects. The final model was run with juvenile tarpon occurrence as the 

response variable, site as a random effect, and the following fixed effects: water 

access, habitat alteration, and mangrove edge. For the categorical variable water 

access, the level “open” was set as the reference level. For the categorical variable 

habitat alteration, the level “altered” was set as the reference level. For the 

categorical variable mangrove edge, the level “high” was set as the reference level. 

This model converged and did not result in any warnings. The package ‘sjPlot’ 

(Lüdecke 2019) was used to generate the coefficient plot for the model.  
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Results 

Overall Study Environment 

 The study consisted of a total of 56 sites in the three subregions. Young of 

the year (YOY) tarpon were observed at 22 (39%) of these sites. Subregion 1 had a 

total of 19 sites that could be assessed, with juvenile tarpon observed at 8 (42%) 

sites and absent at 11 sites (Figure 5). The sites in this region covered various 

habitats including 7 mangrove-lined mosquito control impoundments, 4 dredged 

residential canals, 5 mangrove-lined shorelines with adjacent access to the IRL, and 

1 retention pond. There appeared to be a higher degree of residential development 

towards the northern part of this region, with more impounded wetlands to the 

south. Of these 19 sites, the majority (68%) were characterized as having a high 

extent of mangrove fringe (Table 2). Most of the sites had some habitat alteration 

and were either directly open to the IRL or accessible through culverts (Table 2). 

The most common wetland types for subregion 1 sites were “Marine and Estuarine 

Deepwater” (7 sites) and “Marine and Estuarine Wetland” (9 sites) (Table 2). Sites 

in this subregion had an average width of waterway of 81 m, with water 

temperature and salinity averages of 20 °C and 23 ppt respectively (Table 3). 

  



19 

 

 

Figure 5: Final sites in Subregion 1 that were sampled for the presence of young-of-the-year tarpon 

(green icons=YOY tarpon present, red icons=YOY tarpon absence). 
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Table 2: Subregion 1 summary of young-of-the-year tarpon occurrence at 19 sampled sites and the 

categorical variables at the sites in this subregion. Site count per level corresponds to the total number of 

sites in the subregion that were categorized as the level in question. 

Subregion 1 

(n=19 sampled sites) 

Categorical Variable Level Site Count  

per level  

YOY Tarpon Occurrence  Present 8 

Absent 11 

Water Access Culvert 7 

Ephemeral  1 

Open 11 

Mangrove Edge Low  4 

Medium 2 

High 13 

Habitat Alteration None  4 

Some  12 

All 3 

Wetland Type Marine Deepwater 7 

Marine Wetland 9 

Freshwater Emergent 0 

Freshwater Forested 2 

Freshwater Pond 1 

Lake 0 

Riverine 0 

 

 

Table 3: Subregion 1 summary of the continuous variables sampled at the 19 sites in this subregion. The 

table includes minimum value, average value, maximum value, and range. 

Subregion 1 

(n=19 sampled sites) 

Continuous Variable Minimum 

Value  

Average 

Value 

Maximum 

Value 

Range 

Water Temperature (°C) 18.0 20.3 22.6 4.6 

Salinity (ppt) 8.0 23.4 34.0 26.0 

Width of Waterway (m) 1.3 81.1 1007.1 1005.8 

Estimated Depth (m) 0.3 0.8 1.5 1.2 
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Subregion 2 had a total of 17 sites, with juvenile tarpon observed at 5 (29%) 

sites and absent at 12 sites (Figure 6). This subregion had the highest extent of 

recreational and commercial development, with sites mainly around Sykes Creek 

and the adjacent water bodies. The sites for this region covered various habitats 

including 1 mangrove lined mosquito control impoundment, 1 large impounded 

wetland, 1 developed shoreline, 3 mangrove-lined shorelines with adjacent access 

to the IRL, 1 mangrove-lined drainage ditch, 2 retention ponds, and a bridge 

underpass (Figure 6). Of these 17 sites, the majority (82%) were characterized as 

having a high degree of mangrove fringe (Table 4). Most of the sites had none or 

some degree of habitat alteration and were either directly open to the IRL or 

accessible through culverts (Table 4). The most common wetland types for 

subregion 2 sites were “Marine and Estuarine Deepwater” (6 sites) and “Freshwater 

Pond” (6 sites) (Table 4). Sites in this subregion had an average width of waterway 

of 56 m, with water temperature and salinity averages of 22 °C and 15 ppt 

respectively (Table 5). 
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Figure 6: Final sites in Subregion 2 that were sampled for the presence of young-of-the-year tarpon 

(green icons=YOY tarpon present, red icons=YOY tarpon absence). 



23 

 

Table 4: Subregion 2 summary of young-of-the-year tarpon occurrence at 17 sampled sites and the 

categorical variables at the sites in this subregion. Site count per level corresponds to the total number of 

sites in the subregion that were categorized as the level in question. 

Subregion 2 

(n=17 sampled sites) 

Categorical Variable Level Site Count  

per level  

YOY Tarpon Occurrence  Present 5 

Absent 12 

Water Access Culvert 10 

Ephemeral  1 

Open 6 

Mangrove Edge Low  1 

Medium 2 

High 14 

Habitat Alteration None  10 

Some  6 

All 1 

Wetland Type Marine Deepwater 6 

Marine Wetland 2 

Freshwater Emergent 1 

Freshwater Forested 2 

Freshwater Pond 6 

Lake 0 

Riverine 0 

 

 

Table 5: Subregion 2 summary of the continuous variables sampled at the 17 sites in this subregion. The 

table includes minimum value, average value, maximum value, and range. 

Subregion 2 

(n=17 sampled sites) 

Continuous Variable Minimum 

Value  

Average 

Value 

Maximum 

Value 

Range 

Water Temperature (°C) 18.9 22.1 25.2 6.3 

Salinity (ppt) 0.1 15.3 19.6 19.5 

Width of Waterway (m) 5.6 56.4 379.7 374.2 

Estimated Depth (m) 0.3 0.3 0.6 0.3 

 



24 

 

Subregion 3 had a total of 20 sites, with 9 (45%) occurrences and 11 

absences reported (Figure 7). This was the largest subregion of the study. However, 

it should be noted that most of the eastern and northeastern extent of this region 

was inaccessible private property owned by NASA. The sites for this region 

covered various habitats including 1 large impounded wetland, 1 mangrove-lined 

mosquito control impoundment, 4 mangrove-lined drainage ditches, 1 mangrove-

lined shoreline with adjacent access to the IRL, and 3 retention ponds (Figure 7). 

Of these 20 sites, most of the sites (45%) were characterized as having a high 

degree of mangrove fringe (Table 6). Most of the sites had none or some extent of 

habitat alteration and were either directly open to the IRL or accessible through 

culverts (Table 6). The most common wetland types for subregion 2 were 

“Freshwater Pond” (7 sites) and “Riverine” (7 sites) (Table 6). Sites in this 

subregion had an average width of waterway of 196 m, with water temperature and 

salinity averages of 25 °C and 17 ppt respectively (Table 7). 
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Figure 7: Final sites in Subregion 3 that were sampled for the presence of young-of-the-year tarpon 

(green icons=YOY tarpon present, red icons=YOY tarpon absence). 
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Table 6: Subregion 3 summary of young-of-the-year tarpon occurrence at 20 sampled sites and the 

categorical variables at the sites in this subregion. Site count per level corresponds to the total number of 

sites in the subregion that were categorized as the level in question. 

Subregion 3 

(n=20 sampled sites) 

Categorical Variable Level Site Count  

per level  

YOY Tarpon Occurrence  Present 9 

Absent 11 

Water Access Culvert 2 

Ephemeral  18 

Open 0 

Mangrove Edge Low  5 

Medium 6 

High 9 

Habitat Alteration None  6 

Some  10 

All 4 

Wetland Type Marine Deepwater 2 

Marine Wetland 0 

Freshwater Emergent 0 

Freshwater Forested 1 

Freshwater Pond 7 

Lake 3 

Riverine 7 

 

 
Table 7: Subregion 3 summary of the continuous variables sampled at the 20 sites in this subregion. The 

table includes minimum value, average value, maximum value, and range. 

Subregion 3 

(n=20 sampled sites) 

Continuous Variable Minimum 

Value  

Average 

Value 

Maximum 

Value 

Range 

Water Temperature (°C) 18.2 25.6 29.0 10.8 

Salinity (ppt) 1.2 17.3 26.6 25.0 

Width of Waterway (m) 4.1 29.8 196.2 192.1 

Estimated Depth (m) 0.3 0.7 1.2 0.9 
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Juvenile Tarpon Habitat Utilization  

 Each environmental variable was plotted based on tarpon occurrence to 

visualize potential trends in the combined dataset for all three subregions. The 

variable habitat alteration had both presences and absences reported for all three 

categorical levels (Figure 8). Of the 20 total sites categorized as “none” habitat 

alteration, 80% were reported as absences (Figure 8). The habitat alteration level 

“some” contained the highest proportion of tarpon presences (68%), followed by 

the levels “none” (18%) and “all” (14%) (Figure 8). For the categorical variable 

water access, the level “culvert” accounted for 96% of all tarpon presences (Figure 

9). Of the 19 sites categorized as “open” water access, 95% were reported as 

absences (Figure 9). The variable mangrove edge had presences and absences 

reported for all 3 categorical levels (Figure 10). The mangrove edge level “high” 

contained the highest proportion of tarpon presences (73%), followed by the levels 

“medium” (23%) and “low” (5%) (Figure 10). Of the 10 sites categorized as “low” 

mangrove edge, 90% were reported as absences (Figure 10). For the variable 

wetland type, the categorical level “Marine and Estuarine Wetland” accounted for 

the highest proportion of tarpon presences (32%), followed by “Freshwater Pond” 

(27%) and “Riverine” (23%) (Figure 11). Of the 15 sites with a wetland type 

classification of “Marine and Estuarine Deepwater”, 93% were reported as 

absences (Figure 11). The average water temperature for presence and absence sites 

were 22.2 °C and 23.1 °C respectively (Figure 14). The water temperature range for 
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presence sites was 10.3 °C while the range for absence sites was 10.8 °C (Figure 

15). The average salinity for presence and absence sites was 20.1 ppt and 17.9 ppt 

respectively (Figure 16). The salinity range for presences sites was 31.1 ppt while 

the range for absence sites was 33.9 ppt (Figure 17). The average estimated depth 

for presence and absence sites were both 0.6 m (Figure 18). The estimated depth 

range for presence sites was 0.9 m while the range for absence sites was 1.2 m 

(Figure 19). The mean width of waterway for presence and absence sites were 6.9 

m and 86.6 m respectively (Figure 13). Tarpon were not found in waterbodies 

exceeding 12.7 m in width, however this is excluding 1 outlier of 20.0 m (Figure 

12). The width of waterway range for presence sites was 18.8 m, while sites where 

tarpon were not found had a range of 1004.9 m (Figure 12).  

 A total of 25 sites from the 3 subregions were reassessed in October 2019, 

with seven sites containing YOY tarpon (Table 9). Six of those sites had juvenile 

tarpon present during the previous sampling year (Table 9). All six sites were 

categorized as having “culvert” access, “medium” or “high” degree of mangrove 

edge and had waterway widths of 6-12 m (Table 9). Only one of the 25 reassessed 

sites had juvenile tarpon absent during the first sampling period but tarpon were 

present during the reassessment. This site had similar characteristics as having 

“culvert” access, “high” degree of mangrove edge and a width of waterway of 24 m 

(Table 9).  
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Figure 8: Side by side bar plot of the categorical 

variable Habitat Alteration, with sites grouped 

based on the presence/absence of young-of-the-

year tarpon. 

 

 

 

 

 

 

 

Figure 9: Side by side bar plot of the categorical 

variable Water Access, with sites grouped based 

on the presence/absence of young-of-the-year 

tarpon.  
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Figure 10: Side by side bar plot of the categorical 

variable Mangrove Edge, with sites grouped based 

on the presence/absence of young-of-the-year 

tarpon. 

 

 

 

 

 

 

Figure 11: Side by side bar plot of the categorical 

variable Wetland Type with sites grouped based 

on the presence/absence of young-of-the-year 

tarpon. (1=Marine and Estuarine Deepwater, 

2=Marine and Estuarine Wetland, 3=Freshwater 

Emergent Wetland, 4=Freshwater Forested 

Wetland, 5=Freshwater Pond, 6=Lake, 

7=Riverine) 
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Figure 12: Scatter plot comparing site Width of 

Waterway (m) to the presence/absence of young-

of-the-year tarpon. 

 

Figure 13: Box plot of site Width of Waterway (m) 

based on the presence/absence of young-of-the-

year tarpon, excluding outliers.  

 

Figure 14: Scatter plot comparing site water 

temperature (°C) to the presence/absence of young-

of-the-year tarpon. 

 

Figure 15: Box plot of site water temperature (°C) 

based on the presence/absence of young-of-the-

year tarpon. 
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Figure 16: Scatter plot comparing site salinity 

(ppt) to the presence/absence of young-of-the-year 

tarpon. 

 

Figure 17: Box plot of site salinity (ppt) based on 

the presence/absence of young-of-the-year tarpon. 

 

Figure 18: Scatter plot comparing site estimated 

depth (m) to the presence/absence of young-of-the-

year tarpon.  

 

Figure 19: Box plot of site estimated depth (m) 

based on the presence/absence of young-of-the-

year tarpon. 
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 A total of 25 sites from the 3 subregions were reassessed in October 2019, 

with seven sites containing YOY tarpon (Table 9). Six of those sites had juvenile 

tarpon present during the previous sampling year (Table 9). All six sites were 

categorized as having “culvert” access, “medium” or “high” degree of mangrove 

edge and had waterway widths of 6-12 m (Table 9). Only one of the 25 reassessed 

sites had juvenile tarpon absent during the first sampling period but present during 

the reassessment. This site had similar characteristics as having “culvert” access, 

“high” degree of mangrove edge and a width of waterway of 24 m (Table 9).  
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Table 8: Summary of the 25 sites that were reassessed in October 2019 for the presence/absence 
of young-of-the-year tarpon. The table compares YOY tarpon occurrence reported for the initial 
sampling period to the YOY tarpon occurrence reported for the 25 reassessed sites.  

Subregion Site 

ID 

Juvenile 

Tarpon 

Occurrence 

(Oct. 2018-

Feb. 2019)  

Juvenile 

Tarpon 

Occurrence 

(Oct. 2019) 

Degree of 

Mangrove 

Edge  

Degree of 

Habitat 

Alteration 

Water 

Access 

Width of 

Waterway 

(m) 

1 33 Absent Absent high some open 2.17 

1 97 Absent Absent high some open 5.42 

1 24 Present Absent high some open 3.18 

1 87 Present Present high some culvert 7.14 

1 29 Absent Absent medium none open 59.22 

1 79 Present Present high some culvert 6.14 

2 61 Absent Absent high none open 42.28 

2 17 Present Present high none culvert 11.59 

2 29 Present Absent high none culvert 5.74 

2 84 Absent Absent high none open 104.23 

2 74 Absent Absent high none culvert 5.56 

2 69 Present Present high none culvert 11.17 

2 77 Absent Absent high none open 97.32 

2 57 Present Absent high some culvert 9.28 

2 48 Absent Present high some culvert 24.69 

2 42 Absent Absent high none open 379.72 

3 68 Present Absent high some culvert 8.14 

3 19 Present Present high some culvert 6.06 

3 35 Absent Absent high some culvert 29.56 

3 27 Present Absent high some culvert 6.11 

3 17 Absent Absent low none open 196.24 

3 18 Absent Absent medium some culvert 5.73 

3 31 Absent Absent low some culvert 4.13 

3 3 Present Absent medium all culvert 5.33 

3 45 Present Present medium all culvert 6.39 
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Figure 20: Subregion 2 sites that were reassessed for the presence/absence of young-of-the-year 
tarpon in October 2019. (green icon=YOY tarpon presence for both sampling periods, blue 
icon=YOY tarpon present during the initial sampling period but absent during the reassessment, 
purple icon=YOY tarpon absent during the initial sampling period but present during the 
reassessment, red icon=YOY tarpon absent for both sampling periods) 
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Model Analysis 

The GLMM was used to determine the direction and effect strength of the 

selected environmental variables on juvenile tarpon occurrence. The covariate 

“access: restricted” had a positive effect on juvenile tarpon occurrence (Figure 20), 

with an estimated coefficient value of 3.108 (SE=1.630, p=0.0556, Table 10). The 

covariate “habitat alteration: none” had a negative effect on juvenile tarpon 

occurrence (Figure 20), with an estimated coefficient value of -1.713 (SE=1.163, 

p=0.1410, Table 10). The covariate “mangrove edge: low” also had a negative 

effect on occurrence (Figure 20), with an estimated coefficient value of -2.701 

(SE=1.737, p=0.1200, Table 10).  
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Figure 21: Final Generalized Linear Mixed Model coefficient plot. The y-axis displays the fixed effects 

of the model. The dots represent the estimated coefficient values and the lines indicate the associated 

standard error. Log-Odds can be defined as the logarithm of the odds ratio. 

 

 

Table 9: Final Generalized Linear Mixed Model output summary of the fixed effects.  

Fixed Effects Coefficient 

Estimate  

Standard 

Error 

z value p value 

Variable Level 

Access Restricted 3.108 1.630 1.906 0.0566 

Mangrove 

Edge 

Low -2.701 1.737 -1.555 0.1200 

Habitat 

Alteration 

None -1.713 1.163 -1.472 0.1410 
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Discussion 

The life history of tarpon is complex, involving multiple ontogenetic habitat 

shifts, which spatially separate larval, juvenile, and adult populations (Shenker et 

al., 2002; Barbour & Adams, 2012; Adams et al., 2014). Although the juvenile life 

stage are obligate users of mangrove and marsh mosaics as nurseries (Zale & 

Merrifield, 1989; Murchie, 2015; Wilson et. al., 2019), not all marshes may be 

equally productive. Effective nurseries need to provide access to new recruits, 

sufficient prey availability to allow growth, limited mortality from predators, and 

subsequent connectivity to the larger habitat mosaic to allow emigration when they 

reach an older life stage (Rose et al., 2015; Litvin et al., 2018; Cianciotto et al., 

2019). Unfortunately, habitat loss and fragmentation due to coastal development 

threatens the availability and quality of obligate juvenile tarpon nursery habitats 

(Adams et al., 2014; Murchie, 2015; Wilson et al., 2019). Furthermore, there is a 

general lack of data on the environmental characteristics and spatial coverage of 

these important nursery habitats (Wilson et al., 2019). The goal of the present study 

was to identify environmental characteristics of juvenile tarpon habitats in the 

northern Indian River Lagoon to aid in habitat identification and conservation 

throughout the range of the species.  

 Effects of water parameters, such as salinity and temperature, on juvenile 

tarpon have been previously discussed in the literature. Zale and Merrifield (1989) 

summarized multiple studies to show that juvenile tarpon have been collected in 
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waters with salinities ranging from 0-45 ppt; with Adams and Cooke (2015) 

classifying post-metamorphic juveniles as euryhaline. The present study found 

juvenile tarpon occurring in waterbodies with salinities ranging from 2.9-34 ppt, 

which further supports tarpon as a euryhaline species. The salinity range for both 

presence and absence sites were similar, suggesting that salinity is not influential in 

habitat preference. Tarpon have been described as a thermophilic species, with 

accounts of juveniles surviving temperatures in excess of 40°C (Zale & Merrifield, 

1989). A recent study by Mace et al. (2017) found that juvenile tarpon are limited 

by low water temperatures and concluded that this life stage had a minimum lethal 

temperature of 12°C. The present study observed juvenile tarpon in habitats with 

water temperatures ranging from 18-28.3°C, well within the species tolerance 

range. Furthermore, there were no observable trends in water temperature between 

presence and absence sites. While understanding water temperature in relation to 

minimum lethal temperature may be beneficial in defining suitable habitat for the 

northernmost extent of this species range, juvenile tarpon do not seem to have a 

thermal preference when in areas that are within their tolerance range (Figure 15).  

 It has been widely reported that juvenile tarpon utilize mangrove habitats as 

nurseries (Wade 1962; Zale & Merrifield, 1989; Crabtree et al., 1995; Jud et al., 

2011; Murchie 2015; Wilson et al., 2019). These mangrove fringe environments 

increase the structural complexity of the habitat, which is believed to result in 

increased prey availability as well as reduced predation by avian and wading birds 
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(Beebe 1927; Beck et al., 2001; Murchie 2015). Sites in the northern IRL described 

as having a “high” extent (>75%) of mangrove edge accounted for the majority 

(73%) of tarpon occurrences found in the study (Figure 10). The results of the 

model found that sites categorized as having a “low” extent of mangrove edge had 

a negative effect on tarpon presence (Figure 20), which further supports the idea 

that mangroves have an influence on this species habitat preferences. In terms of 

broad scale habitat identification, lack of a prevalent mangrove edge could be a 

good indicator of unfavorable juvenile tarpon habitat. However, it should be noted 

that there was one instance of juvenile tarpon occurring in a location categorized as 

having a “low” extent (>25%) of mangrove edge. This site was an artificial 

stormwater management pond with juveniles occurring directly adjacent to an 

inflowing culvert. This culvert directly connected to a larger network of heavily 

mangrove lined drainage ditches that had multiple sites reporting juvenile tarpon. 

This suggests that the school of juvenile tarpon observed in the pond were 

transients from the larger network of ditches, which were possibly capitalizing on a 

situational feeding opportunity.  

Most of wetlands located along the IRL have been impounded for mosquito 

control, which greatly reduced the natural connectivity of the habitat mosaic (Rey 

& Kain, 1990; Poulakis et al., 2002). The restricted access facilitated by culverts 

are now the primary linkage between most of the remaining wetlands in the IRL 

and potential tarpon recruitment (Gilmore et al.,1982; Poulakis et al., 2002; 
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Shenker et al., 2002). The present study found that “restricted” water access, 

mainly in the form of culverts, had a positive effect on tarpon occurrence (Figure 

20). Of these 37 sites categorized as having “restricted” water access, 35 were 

specifically connected to the adjacent IRL via a culvert and accounted for 95.5% of 

all juvenile tarpon occurrences. These results build on the existing evidence that 

juvenile tarpon prefer isolated habitats with limited connectivity (Wade 1962; Zale 

& Merrifield,1989; Ault et al., 2007). Furthermore, the model found that unaltered 

habitats had a negative effect on tarpon occurrence (Figure 20), with most of the 

tarpon occurrences being in sites with some degree of habitat alteration. This is 

evidence that juveniles will regularly utilize anthropogenically modified 

environments. This makes sense from an ecological perspective since the majority 

of unaltered sites were water bodies directly associated with the main IRL, whereas 

the interior wetlands of the study area had some degree of habitat alteration. There 

were multiple scenarios during this study where juvenile tarpon would be present in 

the interior portion of a mosquito control impoundment, whereas a site with similar 

characteristics directly adjacent to the exterior of the impoundment would not have 

juvenile tarpon. This could further support the value of culverts, and their 

associated restrictions, in juvenile tarpon habitat selection.  

The effect that water access and habitat alteration have on tarpon 

occurrence highlights the important role that human-altered habitats, including 

mosquito control impoundments, have in regards to juvenile tarpon habitat 
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utilization in the IRL. These results validate the notion proposed by Jud et al., 

(2011), that when natural wetland systems are degraded or destroyed, human-

altered habitats can assume a nursery role for juvenile tarpon. Other studies suggest 

that reconnected impoundments, in many ways, appear to function like natural 

marshes (Poulakis et al., 2002; Stevens et al., 2006; Jud et al., 2011). As long as 

sufficient prey abundance is available within the habitat and there is connectivity to 

the larger habitat mosaic (Cianciotto et al., 2019), the ability of juvenile tarpon to 

utilize a variety of anthropogenically modified environments would allow the 

species some degree of resilience to the effects of coastal development. 

Another habitat characteristic considered in this study was width of 

waterway. Previous descriptions of juvenile tarpon habitat have alluded to the 

importance of water body size by using terms such as small or secluded to depict 

habitats (Wade 1962; Zale & Merrifield 1989; Crabtree et al., 1995). The present 

data suggests that juvenile tarpon are associated with narrow water bodies (<20 m) 

(Figure 13). The mean widths of present and absent sites were 6.9 m and 86.6 m 

respectively. It is important to note that while widths of absent sites varied greatly 

(range=1004.9 m), the widths of sites containing juvenile tarpon were similar (1.2-

20.0 m). The present results suggest that juvenile tarpon prefer these narrow water 

bodies over larger, more open habitats. One benefit of this habitat characteristic is 

that habitat managers can use waterway width as a preliminary descriptor for 

potential nursery locations when utilizing remotely obtained width of waterway 
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measurements from current satellite imagery. Width of waterway shows strong 

potential as a secondary habitat characteristic for juvenile tarpon habitat 

identification, especially when combined with more broad scale characteristics (i.e., 

water access and extent of mangrove edge).  

One of the major limitations of the study was the lack of statistical 

significance found for the model habitat characteristic trends. This can be mostly 

attributed to the large amount of variation in the occurrence dataset, which is likely 

a result of the focal species biology. Juvenile tarpon are a transient schooling 

species, with population densities generally not high enough to fully saturate all 

potential habitats (Shenker pers. comm.). This results in individuals moving 

between multiple adjacent habitats, which may have caused potentially valid sites 

to be reported as absent of tarpon. To address this concern, a subset of the sites (25 

sites) were reassessed in the second year of sampling. The results were similar 

between the two years. Six sites supported juvenile tarpon during both sampling 

periods, and only one site had tarpon in the second year, but not the first. 

Interestingly, this site had habitat characteristics that coincided with the suggested 

juvenile tarpon preferences outlined earlier in the discussion. Furthermore, this site 

was directly connected, via the interior ditch of an impoundment, two of the sites 

supported juvenile tarpon during both sampling periods as well as a site that 

supported tarpon during the initial sampling period but not during the reassessment. 

These results support the notion that juvenile tarpon population densities are not 
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high enough in this region to fully saturate all potential habitats. Instead individuals 

move among adjacent habitats with similar characteristics to utilize a larger feeding 

habitat, as suggested by Murchie (2015).  

In recent years, another important factor being considered, regarding the 

spatial distribution of nursery habitats, is the effect of climate change (Pinsky et al., 

2013). Multiple studies have described the poleward expansion of marine taxa 

distributions in relation to warming ocean temperatures (Cheung et al., 2009; 

Pinsky et al., 2013). A recent study by Bangley et al. (2018) found evidence of 

northward nursery range expansion of Bull Sharks (Carcharhinus leucas) along the 

east coast of the United States. Mangroves are also expanding northward, with 

historically marsh-dominated wetlands beginning to shift to mangrove-dominated 

wetlands (Doughty et al., 2016). Along the southeast coast of the United States, 

larval transport via the Gulf Stream takes tarpon larvae to habitats that are 

historically too cold to allow survival during most winters (Ault et al., 2007; Mace 

et al., 2017). Mace et al. (2018) found juvenile tarpon recruited to marshes in 

coastal South Carolina at the northern limit of their distribution, but survivorship 

with the onset of winter in this region is still unknown. As the climate warms over 

time, some of these areas may be released from their thermal limitations and 

become more suitable as juvenile tarpon habitat. The environmental characteristics 

found to be associated with juvenile tarpon nursery habitats in the northern Indian 

River Lagoon could be used to evaluate potential nurseries in these more northerly 
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habitats. They could also be beneficial in the establishment of nursery habitat 

restoration and management strategies throughout an expanded range of juvenile 

tarpon distribution.  
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