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ABSTRACT OF THE THESIS 
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by 
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Professor Joel C. Trexler, Major Professor 

The Florida Everglades presents a model setting for studying animal-

habitat relationships in a dynamic landscape that is heavily influenced by 

seasonal hydrology and water management. I used dynamic, high-resolution 

habitat classification maps and radio-telemetry to examine habitat preference of 

Largemouth Bass, Bowfin, and Florida Gar before and after a field-scale 

manipulation was established to address uncertainties with Everglades 

restoration and water management practices. Results indicate preference for the 

canal habitat by all three species, which represents only a small portion of the 

submerged landscape even in the driest conditions. Bowfin and Florida Gar were 

more likely to be relocated within marsh habitats than Largemouth Bass. 

Preference for the canal habitat increased after landscape alteration and was 

influenced by water management practices rather than hydrological or 

environmental factors. Partial canal backfilling may assist with accomplishing 
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restoration goals while maintaining preferred habitat for economically and 

ecologically valuable predatory fishes. 
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I. INTRODUCTION 

The distribution of submerged habitats within ephemeral wetlands is often 

dynamic and spatially heterogeneous (Ulrich 2005), suggesting that aquatic 

organisms must adopt strategic behavior to avoid desiccation. For instance, 

some aquatic beetles and odonate nymphs in freshwater wetlands burrow into 

benthic substrates to avoid desiccation and ensure rapid colonization after re-

inundation (Batzer and Wissinger 1996). Reptiles, such as the copperbelly water 

snake Nerodia erythrogaster neglecta, demonstrate extension of home ranges 

during periods of wetland expansion (Roe et al. 2004). Changes in the dispersal 

behavior of fish associated with variation in hydrology have been well 

documented in river floodplains and ephemeral wetlands around the world (Kwak 

1988, Winemiller and Jepsen 1998, Rayner et al. 2008, Kerezsy et al. 2013). 

Animal behavior in seasonally pulsed wetland ecosystems is intimately 

connected with water availability and landscape pattern (Parkos and Trexler 

2014). Ephemeral wetland ecosystems present an opportunity to examine the 

nature of animal-habitat relationships in a dynamic landscape. 

Studying animal-habitat relationships provides insight into the biological 

requirements of species and allows us to determine the ecological factors that 

contribute to their persistence (Beyer et al. 2010). Additionally, studying habitat 

use is valuable for implementing successful conservation initiatives and 

projecting the effects of habitat alteration on species (Manly et al. 2002). 

Studying animal-habitat relationships may prove particularly important for 
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wetlands and their associated biota, which have faced dramatic losses in the 

preceding centuries as a result of anthropogenic disturbances including dredging, 

draining, and filling (Johnson 1994, Gibbs 2000). The natural complexity of these 

systems can be compounded by the existence of anthropogenic structures, such 

as dams and roadways, that can impact the dispersal of aquatic organisms 

across the landscape (Pépino et al. 2012, Braaten et al. 2015). 

The freshwater marshes of the Florida Everglades present a model setting 

for studying habitat use in a dynamic landscape altered by human activities. 

Historically, the Florida Everglades was a spatially extensive, unimpeded wetland 

extending from the southern shore of Lake Okeechobee southward to Florida 

Bay. Rainfall and water flowing from Lake Okeechobee played a vital role in 

providing the northern and downstream Everglades with freshwater inflow 

(McVoy et al. 2011). Aquatic communities of the freshwater Everglades continue 

to be influenced by an annual wet-dry precipitation cycle. The wet season is 

marked by abundant localized rainfall in May-October leading to maximum marsh 

water depths late in the season. The dry season typically occurs in November-

April when the frequency and magnitude of rainfall events decreases. Inter-

annual variability in rainfall plays an important role in the overall hydrological 

regime of the Everglades ecosystem (DeAngelis 1994).  

 The freshwater marshes of the Everglades are also characterized by a 

braided mosaic of vegetation communities. The pre-drainage landscape was 

dominated by a ridge-and-slough structure oriented parallel to the gentle 

southward flow of water from Lake Okeechobee (Larsen et al. 2011). Ridges are 
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dominated by dense, rhizomatous sawgrass Cladium jamaicense and have a 

relatively high stem density. Spikerush Eleocharis cellulosa and water hyssop 

Bacopa caroliniana may also be found in sparse sawgrass ridges but are not 

dominant (Gunderson 1994). Sloughs are relatively open areas with little 

emergent vegetation, often dominated by white water lily Nymphaea odorata, 

floating hearts Nymphaea aquatica, and spatterdock Nuphar advena. Graminoid 

marshes, or wet prairies, are also common across the Everglades landscape. 

Graminoid marshes are often comprised of spikerush, beakrush Rhynchospora 

tracyi, maidencane Panicum lanceolata, or arrowhead Sagittaria lancifolia.  

The topography associated with vegetation communities and seasonal 

variation in rainfall interact to influence water availability within habitats. For 

instance, sawgrass ridges are relatively shallow and experience a higher 

frequency of drying events than wet prairies and sloughs (Jordan et al. 1997). In 

contrast, sloughs are less prone to drying and often remain inundated during the 

dry season (Jordan et al. 1997, McVoy et al. 2011). The ecology of the 

Everglades is intimately connected with this “spatially dynamic hydropattern” as it 

affects both abiotic and biotic processes (DeAngelis 1994). Hydrological 

disturbances (when the marsh surface is exposed by receding water) influence 

the population dynamics of both small and large fish (standard length >8 cm) 

communities across the Everglades landscape (Chick et al. 2004, Ruetz et al. 

2005, Parkos et al. 2011).  

While the vegetative mosaic of the historical Everglades remains largely 

intact over much of the ecosystem, the overall landscape has been drastically 
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altered to accommodate the societal needs of a growing populace in South 

Florida (Light and Dineen 2004). A vast canal and levee network, consisting of 

>2,400 km of canals and >1,600 km of earthen levees (SFWMD 2010), has 

compartmentalized areas of the Everglades into water impoundment regions. 

These structures have altered the natural hydrology of the Everglades (Light and 

Dineen 2004, NRC 2012) and create an artificial spatial scale for aquatic 

organisms (Chick et al. 2004). Compartmentalization and water management 

may have led to a gradual decrease in landscape heterogeneity (i.e., gradual 

loss of ridge-and-slough structure) in some regions (Larsen et al. 2011).  In an 

attempt to restore the natural hydrology of the Everglades and reduce the impact 

of water management practices, the Comprehensive Everglades Restoration 

Plan (CERP) was enacted in 2000 as a joint operation between the United States 

Army Corps of Engineers (USACE) and South Florida Water Management 

District (SFWMD) (NRC 2012). Sheetflow restoration, levee removal, and canal 

backfilling are key components of CERP (USACE and SFWMD 1999), however, 

the impact of these efforts on the ecology of the Everglades remains uncertain. 

 The objective of this study is to determine how the trajectory of Everglades 

restoration will affect the habitat use of large-bodied piscivorous fish in the 

freshwater marshes of the Everglades.  To do this, I studied the movement of 

three abundant large fish species before and after an experimental manipulation 

of habitat connectivity and introduction of flowing water into an area lacking flow 

and divided by a canal and levee for over 60 years. Largemouth Bass 

Micropterus salmoides (hereafter referred to as LMB), Bowfin Amia calva, and 
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Florida Gar Lepisosteus platyrhincus are the most abundant large-bodied 

piscivorous fishes in the freshwater Everglades (Chick et al. 2004). The lifespan 

of these species exceeds the duration of the annual wet-dry cycle, requiring them 

to alter their habitat use as the availability of suitable habitat fluctuates. I used 

radio-telemetry and dynamic, high-resolution habitat classification maps to 

determine which vegetation communities were preferred or avoided before and 

after experimental landscape alteration. I determined if environmental factors or 

water management practices affected habitat preference of these species. I used 

the results of this study to assess how planned restoration will impact ecological 

processes and recreational fisheries. 

II. MATERIALS AND METHODS 

Study Area 

Fish tagging and radio-telemetry were primarily conducted in an area of 

the Everglades located between the L67-A and L67-C levees known as “The 

Gap” (Figure 1A). Beginning two years into this study, this area was subjected to 

controlled water deliveries as part of the Decompartmentalization and Sheet Flow 

Enhancement Physical Model (DECOMP or DPM). The DPM project is a pilot 

project of the Comprehensive Everglades Restoration Plan (CERP) to address 

ecological uncertainties associated with sheetflow restoration and canal 

backfilling. As part of the DPM project, ten gated 1.54 m (60-inch) culverts 

(known as the S-152 culverts) were constructed on the L67-A levee to allow for 

controlled water deliveries into the DPM study area early in the South Florida dry 
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season, November-January. The first flow event associated with the DPM project 

was initiated in November 2013. The L67-C canal was altered to accommodate 

three 304.8 m (1,000 foot) canal backfilling treatments (filled to surrounding 

marsh depth, approximately ½ original canal depth, and no backfilling). A 914 m 

section of the L67-C levee was used to fill the adjacent L67-C canal to restore 

hydrological and biological connectivity between the Gap and WCA-3B (NRC 

2012). Levee removal created a potential corridor for fish movement between the 

two WCAs; an additional corridor was opened in June 1994, approximately 8 km 

northeast, where a portion of the L67-C levee was removed. Fish movements 

were bounded in the west by the L67-A levee, in the south by the L-29 levee, in 

the east by the L-30 levee, and in the north by the C-304 levee (Figure 1B). The 

study area had a vegetation landscape consisting of a mosaic of emergent tree 

islands, sawgrass ridges, sloughs, and wet prairies representative of the 

Everglades landscape. Seasonal water-level fluctuation made the aquatic phase 

of this landscape quite dynamic.  

Fish Tagging 

 Fish were tagged in a series of nine batches, beginning with LMB and 

Bowfin in May 2011 (Appendix 1). Tagging of Bowfin ceased in November 2015 

to allow for tagging of Florida Gar. Fish were collected by airboat electrofishing 

(Chick et al. 1999). An equal number of fish were tagged in marsh and canal 

habitats. After capture, fish were placed in an aerated tub containing ambient 

water and 100-132 mg/L tricaine methanesulfonate (MS-222, Tricaine-S, Western 

Chemical, Inc.). Fish remained in the MS-222 bath until they lost equilibrium 
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(mean=6.3 minutes, range=1-33 minutes, Appendix 1), then were measured for 

length and placed on a damp sponge to prepare for tag implantation surgeries.  

For LMB and Bowfin, radio-tags (PD-2 and RI-2B, 2.9-8.5 g, Holohil 

Systems, Ltd.) were inserted into a 2-4 cm incision made lateral-anterior of the 

vent. Florida Gar were only tagged with RI-2B tags (7.9-8.5 g), which were 

inserted central-posterior of the pelvic girdle. Incisions were closed with 2-5 non-

absorbable interrupted sutures (Ethicon Inc., Prolene™, Polypropylene 

monofilament, 3-0). The gills of fish were periodically flushed with aerated water 

containing MS-222 during the tagging process; mean surgery time across 

species was 6.31 minutes (range=3-19 minutes, Appendix 1). Fish recovered in 

an aerated tub of ambient water prior to release (mean recovery time=5.28 

minutes, range=0-39 minutes, Appendix 1); recovery was indicated by fish 

regaining equilibrium and exhibiting normal fin movement. Fish were released 

within 100 m of their point of capture. Minimum fish lengths were established to 

ensure transmitter weight did not exceed the recommended limit of ≤2% the body 

weight for any fish (Winter 1983, Mulcahy 2003). The mean standard length for 

tagged LMB was 33.15 cm (range= 23-45 cm), 43.12 cm (range=31.5-61.5 cm) 

for Bowfin, and 48.05 cm (range=41.7-52.6 cm) for Florida Gar (Appendix 1). 

Fish were not relocated for at least two weeks post-surgery to allow for recovery. 

A total of 140 LMB, 100 Bowfin, and 40 Florida Gar were tagged for this study. 

Fish Tracking 

 We attempted to locate fish at weekly intervals aboard an airboat using a 

R-1000 receiver (Communications Specialists, Inc.) with a 5-element Yagi 
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antenna. Fish locations were determined with a hand-held global positioning 

system (GPSMAP® 76Cx, Garmin Ltd., 3-5 m DGPS accuracy). Fish that moved 

to areas inaccessible by boat were triangulated using a minimum of three 

locations and associated bearings (LOAS, Ecological Software Solutions, LLC). 

Fish in remote areas were also located from a fixed-wing aircraft using a RA-2A 

H-antenna (Telonics, Inc.) attached to each wing strut. After conducting trials with 

hidden tags, mean location accuracy was determined to be 1.88 m (range= 0-

4.47 m, n=20) from the boat and 98.47 m (range=22.80-179.35 m, n=20)	from the 

aircraft. Estimated battery life of tags ranged from 4-12 months; fish were tracked 

for periods up to 54 weeks (Table 1).  	

 In order to assess if diel habitat use was different from weekly 

observations, LMB and Florida Gar were tracked from an airboat during thirteen 

24-hour tracking sessions. We attempted to relocate fish at 2-hour intervals 

during the 24-hour period. A total of 22 LMB and 10 Florida Gar were tracked 

during the diel monitoring sessions that occurred between June 2016 and April 

2017 (Table 2). 

Measuring Habitat Use and Availability for Fish Locations 

Fish locations were overlaid onto weekly habitat classification maps 

generated by the FIU Geographic Information Systems Center. Vegetation was 

classified at a 2 m x 2 m spatial resolution using atmospherically and 

radiometrically corrected DigitalGlobe WorldView-2 data collected November 

through December 2012. Habitat classes were digitized from the corrected 

WorldView-2 imagery and associated pixel spectral data; digitized points acted 
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as training data to produce the final vegetation classification map after nine 

machine learning iterations. Classes included floating broadleaf plants, sparse 

graminoid marsh, regular graminoid marsh, sparse sawgrass marsh, 

intermediate density sawgrass marsh, dense sawgrass marsh, cattail dominant 

graminoid marsh, sawgrass-cattail marsh (50-75% C. jamaicense and Typha 

spp.), herbaceous marsh, shrub/herbaceous marsh, shrubs and trees, and canal. 

Canal and levee features were digitized as polygons and rasterized for the final 

habitat classification map (Figure 1B). For habitat use analyses, individual fish 

relocations were assigned to a habitat class based on field observations and 

verified using the classification map. If field observations did not clearly state the 

habitat class of a relocation, the pixel value associated with the coordinates of 

the relocation was used.  

To account for the dynamic hydrology of the Everglades landscape, a 

water-surface model was incorporated into the habitat classification map. Water-

surface data were acquired from the Everglades Depth Estimation Network 

(EDEN, www.sofia.usgus.gov/eden). These data provided daily median water 

levels interpolated at a 400-m spatial resolution across the greater Everglades 

region. Since fish were relocated at weekly intervals, median water surfaces 

were determined for each week of the study. Weekly 400-m raster stacks were 

resampled to a 2 m x 2 m spatial resolution to match the habitat classification 

raster. Ground elevation data for the study area were also obtained from EDEN 

through digital elevation models (DEM, https://sofia.usgs.gov/eden/models 
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/groundelevmod.php). The DEM data were also resampled to a 2 m x 2 m spatial 

resolution to match habitat classification and water surface models. The DEM 

was subtracted from the water surface model (see Pearlstine et al. 2007) to 

provide a depth estimate for each 2 m x 2 m pixel across the study area. Pixels 

within the canal class were set to a depth of 3 m; however, depth values 

associated with pixels from other classes were based on the weekly water-

surface model. Pixels classified as sawgrass marsh habitat were adjusted to be 

20 cm shallower than other marsh habitat classes (Jordan et al. 1997).  

Habitat availability was defined separately for each fish relocation. Pixels 

were designated as available if they were within a species-specific radius 

centered around a relocation point. Species-specific radii were estimated using 

the 99th percentile of step-lengths observed for the time scale of interest (Table 

3). Weekly habitat preference was also analyzed using 100-m availability radii in 

order to assess how availability measures at a smaller spatial scale affect results. 

Since emergent landscape attributes (e.g., levees, tree islands) directly impact 

fish movement, binary least-cost rasters (traversable and non-traversable pixels) 

were generated to construct availability radii.  These rasters allowed the radii to 

be constructed such that emergent landscape features could not be traversed by 

fish, which resulted in non-circular availability definitions for many relocations. 

The habitat classification map and associated depth data allowed for the 

determination of volumetric habitat proportions available to each fish at the time 

of relocation. Chick et al. (2004) suggests that marsh depths >10 cm are suitable 

for fish >8 cm TL in Everglades marshes; however, on the basis of observations 
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from my study, I chose to treat marsh depths <20 cm as too shallow for fish use. 

The smallest animals tagged for this study were significantly larger than the 8 cm 

threshold, justifying a greater minimum depth to avoid underestimating 

unavailable areas across the landscape.  

 

Statistical Methods and Analyses 

Habitat Preference 

Habitat preference was analyzed by calculating population-level selection 

ratios for the time intervals of interest (Manly et al. 1972, Hobbs and Bowden 

1982, Manly et al. 1993, Manly et al. 2002).  Since individual animals were 

uniquely identified and habitat availability was defined for each animal based on 

accurately measuring habitat proportions, my study conforms to a Design III 

format (Thomas and Taylor 1990) with a sampling Protocol A (Manly et al. 1993, 

Manly et al. 2002). Selection ratios and 95% Bonferroni adjusted confidence 

intervals were used to analyze habitat preference at weekly intervals and at 2-

hour intervals for the diel telemetry data. Selection ratios (ŵi) for the population 

were calculated as 

ŵ" = 	
%&'
()&*%'*),

*-.
       Equation 1 

where ui+ is the total number of relocations in habitat class i, 𝜋ij is the proportion 

of available habitat in class i for fish j, and u+j is the number of relocations in 

habitat class i for fish j. The 95% confidence interval for ŵi was calculated as  

ŵ" ± 𝑧2
34
	𝑠𝑒(ŵ")          Equation 2 
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where 𝐼 is the total number of habitat classes. Selection ratios indicate 

preference for a habitat class if ŵi>1 and avoidance if ŵi<1. Therefore, habitat 

classes were deemed to be preferred if the lower confidence limits were >1 and 

avoided or used randomly if ≤1 (Manly et al. 1993, Manly et al. 2002).  For each 

habitat class, Kruskal-Wallis tests were used to determine if significant 

differences existed between weekly selection ratios calculated using 100-m and 

species-specific availability radii for each species.  

 For the weekly telemetry data, I used generalized linear mixed-effects 

models (GLMM) and multi-model selection to evaluate the effects of 

environmental, hydrological, and water management predictor variables on 

population-level selection ratios for the canal habitat class for each species. 

Environmental predictor variables included average daily maximum air 

temperature (°C) and average daily photoperiod (hours) for the preceding 15-day 

period. Hydrological predictor variables included mean daily marsh depth (cm) 

and change in daily marsh depth (cm) for the preceding 15-day period. Water 

management predictor variables included S-152 culvert condition (open or 

closed) and DPM project implementation (before or after first flow event). A 

random effect was incorporated into the models to estimate auto-regression at 

one time-step (AR1) (Cressi and Wikle 2011). A trend term was added to the 

model as a fixed effect to test for a linear directional change in canal selection 

ratios over the course of the study. Since the same fish were not always 

relocated each week, variation in fish size was accounted for by adding a length 

term that represented the average SL of all fish tracked during a weekly tracking 
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session. Analyses were performed using the PROC GLIMMIX procedure (SAS 

9.4, Littell et al. 2006). Models for each species used a log link function and a 

Poisson variance distribution. I used Akaike’s Information Criterion for small 

sample sizes (Psuedo-AICc) to determine which models most appropriately 

describe the data for each species. I calculated ∆AICi for each model to 

determine the difference in information between candidate models and the best 

model. Model probabilities (wi) were also calculated to assist with determining the 

best model (Anderson 2008). 

Movement Behavior  

  Step-lengths, or the distance between two sequential relocations, were 

determined using Geospatial Modeling Environment (Beyer 2012).  To determine 

rate of movement (ROM), step-lengths were divided by the time taken to travel 

between locations. To determine the effect of time of day on diel movement 

patterns, 24-hour periods were divided into dawn, day, dusk, and night. 

Crepuscular periods were classified as the 2.5-hour periods before and after 

sunrise and sunset, respectively. Generalized linear mixed-effects models were 

used to determine the effects of diel periods on ROM and if effects varied with 

season. Individual fish acted as the repeated measure in order to estimate 

autocorrelation at each time-step (Cressi and Wikle 2011). Model parameters 

included time of day (e.g., dawn, day, dusk, and night), season (e.g., early wet, 

late wet, early dry, and late dry), and interactions.  I used Akaike’s Information 

Criterion for small sample sizes (Psuedo-AICc) to determine which models best 

describe variation in ROM for each species. I calculated ∆AICi for each model to 
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determine the difference in information between candidate models and the best 

model. Model probabilities (wi) were also calculated to assist with determining the 

best model (Anderson 2008). Rate of movement estimates were also determined 

for weekly tracking data and ANOVAs were used to determine if ROM differed 

between species and season. All ROM data were log10 transformed to meet 

normality assumptions (verified with Shapiro-Wilk normality tests) and individual 

fish acted as replicates for ANOVA analyses. A Tukey-Kramer posteriori test was 

used when multiple comparisons were applicable.  

III. RESULTS 

Habitat Availability 

 Marsh water depths varied greatly over the course of the study, which 

affected availability of habitat classes (Figure 2A and 2B). Generally, seasonal 

patterns adhered to the expected November-April dry season and May-October 

wet season. The deepest marsh water depths were observed in early October 

2012. During this time, the intermediate sawgrass marsh habitat class was 

dominant across the landscape (covered 43.5% of study area >20 cm deep), 

followed by graminoid marsh (25.4%), and sparse sawgrass marsh (18.1%). All 

other habitat classes represented <4% of the study area at this time. The 

shallowest depths observed during the study were in June 2011. At this time, 

graminoid marsh was the most abundant habitat class across the landscape 

(43.4%), followed by sparse sawgrass marsh (25.9%), intermediate sawgrass 

marsh (12.5%), and canal (8.4%). All other habitat classes represented <5% of 



 15 

the landscape during this time. Large portions of WCA-3B became too shallow 

for fish use before substantial reductions in habitat availability occurred in the 

Gap (Figure 3). Habitats with higher topography, such as sawgrass marshes, 

became dry before graminoid marshes as water depths decreased (Figure 3). 

 

Habitat Use 

For the weekly telemetry data, a total of 2,902, 1,688, and 596 habitat 

use/availability observations were made for LMB, Bowfin, and Florida Gar, 

respectively. Animals from each species were observed in every habitat class 

over the course of the study, but not all habitat classes were used equally. During 

the wet season, the canal was the most frequently used habitat class for LMB 

and Bowfin, accounting for 59.3% and 51.5% of relocations, respectively (Figure 

4). The second-most used wet-season habitat for LMB and Bowfin was sparse 

sawgrass marsh, representing 21.6% and 17.5% of relocations for LMB and 

Bowfin, respectively. The third-most used habitat by LMB and Bowfin was 

graminoid marsh, accounting for 10.5% and 16.7% of relocations, respectively. 

The sawgrass marsh class was rarely used by LMB (3.1% of relocations) and 

Bowfin (4.2% of relocations) during the wet season, but represented the most 

used habitat for Florida Gar (28.1%). The second most used class by Florida Gar 

was the canal (26.3% of relocations), followed by graminoid marsh (16.5%), 

sparse sawgrass marsh (12.3%), and cattail marsh (4.7%).  

During the dry season, the canal was the most used class by each 

species, representing 62.9%, 30.5%, and 55.2% of relocations for LMB, Bowfin, 
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and Florida Gar respectively (Figure 4). In the dry season, canal use increased 

by 6.1% for LMB, decreased by 40.8% for Bowfin, and increased by 109.9% for 

Florida Gar. For LMB, the second-most used habitat was sparse sawgrass marsh 

(12.6% of relocations), followed by graminoid marsh (10.6%), and sawgrass 

marsh (7.0%). For Bowfin, the second-most used class was graminoid marsh 

(25.7% of relocations), followed by sparse sawgrass marsh (24.9%), sawgrass 

marsh (9.0%), and sparse graminoid marsh (6.5%). For Florida Gar, graminoid 

marsh represented the second-most used dry-season habitat (13.1% of 

relocations), followed by sawgrass marsh (12.6%), sparse graminoid marsh 

(6.8%), and graminoid marsh (4.2%). Generally, Bowfin and Florida Gar 

demonstrated more pronounced seasonal shifts in habitat use than LMB and 

were more likely to be relocated in marsh habitats throughout the year (Figure 4). 

Population-level selection ratios for the weekly telemetry data using 

species-specific habitat-availability radii indicate preference for the canal habitat 

class during 50.2%, 27.9%, and 11.7% of weeks for LMB, Bowfin, and Florida 

Gar, respectively (Figure 2D). The sparse sawgrass marsh was the only other 

habitat class preferred by LMB relative to its availability (6.5% of weeks). Bowfin 

demonstrated preference for the floating broadleaf, sparse graminoid marsh, and 

sparse sawgrass marsh on rare occasions (1.9%, 0.7%, and 0.7% of weeks, 

respectively). No other habitat classes were used more often than expected by 

availability by Florida Gar during the study based on species-specific availability 

analyses.  
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Using 100-m habitat-availability radii resulted in more habitats being used 

more frequently than expected by availability over the course of the weekly 

telemetry study. For LMB, sparse graminoid marsh, floating broadleaf, 

herbaceous marsh, sparse sawgrass marsh, and canal habitats were preferred 

0.5%, 0.9%, 0.9%, 5.2%, 60.4% of weeks, respectively (Table 4). However, 

Kruskal-Wallis tests only detected significant increases in selection ratios for 

floating broadleaf, dense sawgrass marsh, and sparse sawgrass marsh (Table 

5). For Bowfin, floating broadleaf, dense sawgrass marsh, graminoid marsh, and 

canal habitat classes were preferred in 2.2%, 2.2%, 3.0%, and 57.5% of weeks, 

respectively (Table 4). However, Kruskal-Wallis tests only indicated a significant 

increase in weekly selection ratios for the floating broadleaf class (Table 5). For 

Florida Gar, results using 100-m radii indicate preference for cattail marsh, dense 

sawgrass marsh, graminoid marsh, floating broadleaf, sparse graminoid marsh, 

and canal classes in 1.5%, 1.5%,1.5%, 3.1%, 6.2%, and 27.7% of weeks, 

respectively (Table 4). For Florida Gar, Kruskal-Wallis tests indicate a significant 

increase in weekly selection ratios for the floating broadleaf marsh, sparse 

graminoid marsh, dense sawgrass marsh, sparse sawgrass marsh, and cattail 

marsh classes when analyses were performed using 100-m radii (Table 5). 

For LMB, the model with the most support for explaining variation in canal 

selection ratios included the long-term trend, length, temperature, photoperiod, 

and DPM terms (wi=0.83, Table 6).  The second-best model (wi=0.16, 

∆AICi=3.30) contained the same parameters as the best model, but with the S-

152 term added. The probability that these two models include the best model of 
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those considered is 0.99 (sum of w1 (0.83) and w2 (0.16)).  All other models had 

∆AICi values >4 and accounted for the remaining 1% of the Akaike weights. For 

the best model, coefficient estimates for the length, temperature, photoperiod, 

and DPM were significant at 𝛼=0.05 (Table 7). The coefficient estimate for 

photoperiod was negative (less canal selectivity in the winter, which includes the 

dry season), but estimates for all other coefficients were positive (for example, 

larger LMB were more selective for the canal than smaller specimens).  Notably, 

canal selection ratios increased after DPM implementation compared to before 

implementation after controlling for other parameters in the model. 

 For Bowfin, the model with the most support for explaining the variation in 

canal selection ratios included the trend, length, temperature, photoperiod, and 

DPM terms (wi=0.45, Table 6). The second-best model (wi=0.18, ∆AICi=1.88) 

contained the same parameters as the best model with the S-152 term added; 

however, the S-152 term did not significantly contribute to the model. All other 

models had ∆AICi values >2. For the best model, coefficient estimates for the 

trend, length and DPM terms were significant 𝛼=0.05, but the temperature and 

photoperiod terms did not significantly contribute to the model (Table 7). The 

coefficient estimates for the trend, length, and DPM terms were positive, 

suggesting that canal selection ratios increased during the study and after DPM 

implementation.  

For Florida Gar, the variation in canal selection ratios was best explained 

by the model including the trend, temperature, and photoperiod terms (wi=0.66, 

Table 6). The length term did not significantly contribute to enhancing model fit. 
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Similar to LMB and Bowfin, the second-best model contained the same terms but 

with the S-152 term added (wi=0.31). The DPM term could not be included in the 

models because all Florida Gar were tagged after DPM implementation. All other 

models had ∆AICi values >2 and accounted for 3.0% of the Akaike weights. For 

the best model, the trend term was the only variable that significantly contributed 

to the model at 𝛼=0.05 (Table 7).  

 For the diel telemetry data, a total of 491 and 1,174 use/availability 

observations were made for Florida Gar and LMB, respectively. Florida Gar were 

relocated in each habitat class; LMB were relocated in all classes except the 

sawgrass-cattail marsh class. The canal was the most used habitat class for both 

species (85.3% of Florida Gar relocations and 91.8% of LMB relocations). The 

second most used habitat for both species was the graminoid marsh, accounting 

for 3.7% and 3.1% of relocations for Florida Gar and LMB, respectively. All other 

habitat classes accounted for <2% of relocations for LMB. The dense sawgrass 

marsh was used in 3.1% of relocations for Florida Gar, but all other classes 

accounted for <3% of relocations. Diel shifts in habitat use were not detected for 

either species. 

 Population-level selection ratios for the diel telemetry data indicate 

preference for the canal habitat in 91.6% and 77.4% of the 2-hour relocation 

intervals for LMB and Florida Gar, respectively. No other habitats were preferred 

by LMB; Florida Gar demonstrated preference for the dense sawgrass marsh in 

3.9% of 2-hour relocation intervals.  
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Movement Behavior 

 Individual fish were observed moving long distances over the course of 

the study. Median step-lengths for weekly tracking data were 65.7 m, 78.6 m, 

and 111.5 m for Bowfin, LMB, and Florida Gar, respectively. The longest one-

week step-length observed in the study was 14,503.8 m for LMB, 14,475.2 m for 

Bowfin, and 8,989.1 m for Florida Gar. The median step-length during diel 

tracking sessions was 19.0 m for Florida Gar and 21.8 m for LMB. The largest 

step-length observed during the diel tracking sessions was 1,554.7 m for Florida 

Gar and 1,312.0 m for LMB. Frequency distributions of weekly and diel step-

lengths were right-skewed for each species (Figures 5 and 6). A total of 24 LMB, 

11 Bowfin, and 13 Florida Gar used degraded sections of the L67-C levee as a 

corridor to move from the Gap to WCA-3B. However, no individuals were 

observed traversing the degraded levee corridors during the diel tracking 

sessions.  

For LMB, the model that best explained diel variation in ROM included 

season, time of day, and season*time of day terms (wi=0.98, Table 8).  All other 

models had ∆AICi values >7 and accounted for 3.0% of the Akaike weights. For 

the best model, the season and time-of-day terms contributed significantly to the 

model at 𝛼=0.05 (Table 9). Parameter estimates indicate that ROM were highest 

late in the wet season and LMB tended to be least active at dusk and most active 

at dawn. Similarly, for Florida Gar, variation in diel ROM was best explained by 

the model including season, time of day, and season*time of day terms (wi=0.99, 

Table 8). All other models had ∆AICi values >12 and accounted for 0.25% of the 
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Akaike weights. For the best model, only the time of day term contributed 

significantly to the model at 𝛼=0.05  (Table 9). Parameter estimates indicate that 

Florida Gar were least active during the day and most active at dusk. 

When weekly telemetry data were pooled (i.e., not separated by season) 

there were no significant differences in ROM between species (F2,233=1.085, 

p=0.34, Figure 7). There was no significant effect of season on ROM for Gar or 

Bowfin, however, ROM was 17.5% higher in the dry season for LMB 

(F1,209=10.152, p=0.002). There was an interaction between season and species 

for Bowfin, which had a 20.1% lower ROM in the dry season than Florida Gar 

(F2,193=3.416, p=0.035) and LMB had a 16.4% lower wet season ROM than 

Bowfin and Florida Gar (F2,189=3.89, p=0.036). 

IV. DISCUSSION 

The results from this study highlight the importance of canals as deep-

water refuges for large-bodied fishes in the freshwater Everglades, even when 

water depths are sufficient for dispersal into the surrounding marsh. The canal 

was the most frequently used dry-season habitat class by all three species but 

represents only a small proportion of the submerged landscape even in unusually 

dry periods.  Selection ratios indicate preference for the canal habitat class by all 

three species while other classes (including sparse sawgrass marsh, dense 

sawgrass marsh, floating broadleaf, and sparse graminoid marsh) were preferred 

only rarely and to varying degrees among species when using species-specific 

availability measures. For each species, variability in canal selection ratios was 



 22 

affected by water management and environmental factors rather than 

hydrological factors. Most notably, canal selection ratios increased after DPM 

implementation for LMB and Bowfin. The diel study did not detect significant 

crepuscular or nocturnal shifts in habitat use for LMB or Florida Gar, so it is likely 

that the weekly telemetry data adequately describe the habitat use-availability 

patterns for these species. 

 Previous studies of large-bodied fish movements in the Everglades 

support the existence of a strong relationship between habitat use and fluctuating 

hydrology. For instance, LMB, Bowfin and Mayan cichlids Cichlasoma 

urophthalmus demonstrate a higher probability of marsh occupancy with 

increasing water depths (Parkos and Trexler 2014, Bush 2017). For LMB and 

Bowfin, the distance of relocations from a canal is influenced by variation in 

hydrology more than environmental cues, including photoperiod and temperature 

(Bush 2017). For this reason, the variability of canal selection ratios was 

expected to have been best explained by models including hydrological predictor 

variables. However, these predictor variables were not included in the best 

models for any of the species in this study. This is likely the result of selection 

ratio calculations, which are heavily influenced by the proportions of available 

habitat classes within the availability radii centered around a relocation point. The 

canal makes up only a small proportion of the submerged landscape even in the 

driest conditions, which may lead to inflation of the selection ratio calculations 

and obscure the impact of dynamic hydrology on their variability. 
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The abundance of large fishes in deep-water refuges, including alligator 

holes and canals, has been shown to increase during the dry season across 

different regions of the Everglades (Kushlan 1974, Rehage and Trexler 2006, 

Parkos et al. 2011, Hijuelos 2012, Bush 2017). This seasonal influx of fishes into 

refuge habitats can result in significant changes in community structure (Rehage 

and Loftus 2007, Parkos et al. 2011). The movement of large fishes from 

ephemeral marshes to deep-water habitats corresponds with increased prey 

densities in these areas, including small-bodied fishes and macroinvertebrates 

(Rehage and Trexler 2006), which may result in increased prey encounter rates 

relative to marsh habitats (Turesson and Brönmark 2007). Canal margins 

represent a transitional area between heavily vegetated marshes with high stem 

density to a relatively open littoral zone and may contribute to increased 

predation success for the study species (Savino and Stein 1982). Predators of 

these large-bodied fishes, such as the river otter Lutra canadensis and American 

alligator Alligator mississippiensis, may also demonstrate similar shifts in habitat 

use (Humphrey and Zinn 1982, Kushlan 1974), which may result in increased 

predation pressure on the study species. Seasonal shifts from marsh habitats to 

deep-water refuges may represent a trade-off between reducing the threat of 

desiccation, increasing prey encounter rates and capture success, risking 

exposure to predators, and elevated interspecific and intraspecific competition. 

Although restoration efforts are progressing, the regional hydrology of the 

Everglades remains heavily managed and these practices have profound 

implications for the ecology of the system (Sklar et al. 2005). Results from my 
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study indicate that water management efforts, including DPM implementation and 

water releases from the S-152 culverts, impact the habitat use of large-bodied 

fishes. Selection ratios for the canal increased significantly after DPM 

implementation for LMB and Bowfin. The direct cause of this increase is 

uncertain; however, it may have been induced by the canal backfilling treatments 

associated with the DPM project. Removing a large portion of the L67-C levee 

and backfilling the adjacent canal enhanced the structural complexity of >7,300 

m2 of canal and created a substantial area similar to the canal margin in terms of 

vegetation, substrate, and depth.  The development of high quality habitat and an 

increase in prey fish density within the canal backfill area (Bush 2017) may have 

led to an increase in canal selection ratios. Additionally, the removal of segments 

of the L67-C levee created corridors for fish movement from the Gap to WCA-3B 

that were used by 17%, 11%, and 32% of tagged LMB, Bowfin, and Florida Gar, 

respectively. 

The canal represented the most commonly preferred habitat class for 

each species, however, there were slight differences in habitat use among 

species. For instance, LMB showed less pronounced shifts in canal use between 

seasons than Florida Gar and Bowfin (Figure 4). Florida Gar were more likely to 

be relocated in the sawgrass marsh than any other species. Generally, Bowfin 

and Florida Gar appeared to rely more heavily on marsh habitats than LMB. 

Bowfin demonstrated preference for more habitat classes than LMB and Florida 

Gar based on species-specific analyses, suggesting that they may be more 

willing to move into the marsh and away from the relative safety of the canal. 
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Another radio-telemetry study in this area found that Bowfin had a 20% higher 

probability of marsh occupancy than LMB under the same environmental 

conditions (Bush 2017). Marsh habitats generally have high structural complexity 

and may exhibit diel shifts in dissolved oxygen concentrations (McCormick and 

Laing 2003).  Bowfin and Florida Gar have adaptations that may allow them to 

thrive in these harsh conditions, such as tough imbricated scales and highly 

vascularized airbladders.  

This study focused on habitat use and movement patterns at the 

population level, but individual variation in movement strategies was evident for 

each species. For instance, Florida Gar LP03 and Florida Gar LP08 remained 

within 2 km of each other while radio-tracked from November 2015 to September 

2016. During this period, LP03 was relocated almost exclusively in sparse-

intermediate sawgrass marshes while LP08 remained in the canal or in 

graminoid marshes in close proximity to the canal margin (Figure 8A). The 

median ROM for LP03 and LP05 were 17.9 m/day and 8.6 m/day, respectively. 

In contrast, Florida Gar LP16 had movements that spanned a much larger 

geographic range. LP16 traveled between the Gap and WCA-3B regularly and 

used the north degraded levee corridor five times while radio-tracked from 

January 2016-August 2016 (Figure 8B). This fish was observed using every 

habitat excluding the sawgrass/cattail marsh class and had a substantially higher 

median ROM of 71.6 m/day.  

Since measures of habitat availability play a critical role in calculating 

selectivity indices, observing differences between analyses using 100-m and 
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species-specific radii was expected. For each species, using the 100-m 

availability radii resulted in preference for more marsh habitat classes. This is 

particularly true for Florida Gar, which demonstrated preference for only the 

canal class when analyses were based on the larger species-specific radii, but 

demonstrated preference for five marsh classes in addition to the canal when 

analyses were based on relatively small 100-m radii. Selection ratio calculations 

are greatly influenced by the proportions of each habitat available to an individual 

fish at the time of relocation. For this reason, tagged animals residing in the 

marsh and away from the influence of the canal may cause inflation of marsh-

class selection ratios at the population level. Similarly, if individual fish are 

located in the canal, using a smaller availability radius will result in the canal 

maintaining a higher proportion of the volumetric habitat available to the animal, 

which will lower population-level selection ratios for the canal class. The 100-m 

radius designation was approximately the median weekly step-length for each 

species. Since about half of the observed steps were within the smaller radius, 

these data may provide insight into short-distance movements.  However, the 

100-m radius is an under-estimation of availability since fish of each species 

have been observed making long-distance movements. We currently have no 

information on how these fish gain information about habitat options in their 

environment as a basis for habitat choice or why relatively long-distance 

movements are common. However, analyses at both scales indicated habitat use 

was non-random and changed with seasonal conditions.   
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The canal network in southeast Florida supports a flourishing recreational 

fishing industry. LMB represent the most targeted native fish by recreational 

anglers in the freshwater Everglades and support a total economic output of 

$141 million (Fedler 2009). The network of canals that traverses the landscape, 

particularly surrounding the Water Conservation Areas, allows fishers to access 

areas of the Everglades that would be otherwise too heavily vegetated and 

shallow for standard motorboats. A series of “boat trails” has been constructed by 

the Florida Fish and Wildlife Conservation Commission (FWC) and SFWMD to 

allow fishers to access marsh habitats in WCA-3A adjacent to the L67-A canal; 

however, canal fishing remains the predominate focus of recreational fishers. 

Complete canal backfilling is crucial to restoring historical flow regimes in the 

Everglades but is likely to disrupt an economically valuable industry. Partial 

backfilling may provide a deep-water refuge for large fishes, preserve canal 

access for fishers, and allow for more natural flow regimes. 

The results from this study reiterate the importance of canals as an 

anthropogenic deep-water refuge for large-bodied fishes in the Florida 

Everglades. More importantly, this study highlights the impact of restoration-

driven landscape alteration on animal-habitat relationships in a dynamic aquatic 

ecosystem. Results indicate a significant increase in canal selection ratios for 

LMB and Bowfin after DPM implementation. All three study species 

demonstrated preference for the L67-C canal even though this habitat only 

represents a minor proportion of the submerged landscape. The canal and levee 

network that began construction in the late 1880s poses a substantial challenge 
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for the monumental Everglades restoration efforts that began in 2000. Canal 

backfilling is critical for restoring historical hydrological regimes across the 

Everglades landscape. Levee removal and partial canal backfilling may present a 

viable solution for reestablishing sheetflow across the region, providing suitable 

dry-season refuge for aquatic organisms, and maintaining the Everglades’ 

reputation as a world-class freshwater fishery. 
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Table 1. Mean number of relocations and days at large for each species over the 
course of the weekly telemetry study. 

 

 
  

Species Relocations Days at Large
LMB 21.7 (2-29) 175.1 (21-383)
Bowfin 18.0 (2-29) 149.2 (13-350)
Florida Gar 24.6 (8-46) 244.6 (152-374)
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Table 2. Number of individuals of LMB and Florida Gar radio-tracked during each 
24-hour tracking session from June 2016 through April 2017. 

 

 
 

  

Session Dates Number of LMB Number of Florida Gar
1 June 7-June 8 2016 7 4
2 June 14-June 15 2016 6 3
3 June 21-June 22 2016 6 4
4 Oct. 13-Oct. 14 2016 6 4
5 Oct. 20-Oct. 21 2016 6 3
6 Oct. 27-Oct. 28 2016 7 2
7 Nov. 3-Nov. 4 2016 9 4
8 Jan. 12-Jan. 13 2017 10 2
9 Jan. 19-Jan. 20 2017 9 4
10 Jan. 26-Jan. 27 2017 8 4
11 Mar. 30-Mar. 31 2017 9 3
12 Apr. 6-Apr. 7 2017 8 3
13 Apr. 13-Apr. 14 2017 9 3
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Table 3. Distance of availability radii used to determine habitat proportions for 
each species for habitat use analyses. 

 

 
  

Species Weekly Radii (m) Diel Radii (m)
LMB 5,995.0 538.6
Bowfin 7,149.4 -
Florida Gar 6,567.5 627.5
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Table 4. Percent of weeks each habitat class was preferred based on 100-m and 
species-specific availability selection ratio calculations. 

 

 
  

100	m Species-Specific 100	m Species-Specific 100	m Species-Specific

Floating	Broadleaf 0.9% 0 2.2% 1.9% 3.1% 0
Graminoid	Marsh 0 0 3.0% 0 1.5% 0

Sparse	Graminoid	Marsh 0.5% 0.4% 0 0.6% 6.2% 0
Sawgrass	Marsh 0 0 0 0 0 0

Dense	Sawgrass	Marsh 0.9% 0 2.2% 0 1.5% 0
Sparse	Sawgrass	Marsh 5.2% 6.5% 0 0.6% 0 0
Sawgrass/Cattail	Marsh 0 0 0 0 0 0

Cattail	Marsh 0 0 0 0 1.5% 0
Herbaceous	Marsh 0.9% 0 0 0 0 0

Canal 60.4% 50.2% 57.5% 27.9% 27.7% 26.5%

LMB Bowfin Florida	Gar
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Table 5. Results of Kruskal-Wallis tests used to determine if significant 
differences exist between selection ratio calculations using 100-m and 
species-specific availability radii. 

 

 
  

Kruskal-Wallis	

Chi-Square df P-value

Kruskal-Wallis	

Chi-Square df P-value

Kruskal-Wallis	

Chi-Square df P-value

Floating	Broadleaf 37.3 18 0.005 55.5 15 0.000 45.1 12 0.000

Graminoid	Marsh - - - 111.3 108 0.395 41.1 44 0.598

Sparse	Graminoid	Marsh 42.5 41 0.405 54.8 58 0.593 38.5 23 0.023

Sawgrass	Marsh - - - - - - - - -

Dense	Sawgrass	Marsh 80.1 46 0.001 34.7 28 0.179 24.3 9 0.004

Sparse	Sawgrass	Marsh 195.9 136 0.001 104.2 108 0.586 - - -

Sawgrass/Cattail	Marsh - - - - - - - - -

Cattail	Marsh - - - - - - 33.9 14 0.002

Herbaceous	Marsh 16.7 11 0.118 - - - - - -

Canal 217.1 214 0.427 124.9 124 0.461 62.7 57 0.281

LMB Bowfin Florida	Gar



 39 

Table 6. Results of generalized linear mixed-effects models of factors affecting 
canal selection ratios for LMB, Bowfin, and Florida Gar. 

 

 
  

Model -2 Log Psuedo Likelihood Psuedo-AICc ΔAICc wi

LMB
Trend + Length + Temp + Photo  + DPM 400.55 404.60 - 0.83087
Trend + Length + Temp + Photo  + DPM + S-152 403.84 407.90 3.30 0.15957
Trend + Length + Temp + Photo + DPM + Mean Depth 409.86 413.91 9.31 0.00790
Trend + Length + Temp + Photo  + DPM + S-152 + Mean Depth 413.02 417.08 12.48 0.00162
Trend + Length + Temp + Photo  + DPM + S-152 + Mean Depth + Δ Depth 420.78 424.83 20.23 0.00003
Length + Temp + Photo 431.68 435.74 31.14 0.00000
Trend + Length + Temp + Photo 442.11 446.16 41.56 0.00000

Bowfin
Trend + Length + Temp + Photo  + DPM 380.23 384.31 - 0.44786
Trend + Length + Temp + Photo  + DPM + S-152 382.10 386.19 1.88 0.17494
Length + Temp + Photo 382.53 386.61 2.30 0.14181
Trend + Length + Temp + Photo + DPM + Mean Depth 382.54 386.62 2.31 0.14110
Trend + Length + Temp + Photo  + DPM + S-152 + Mean Depth 383.55 387.63 3.32 0.08515
Trend + Length + Temp + Photo  + DPM + S-152 + Mean Depth + Δ Depth 388.89 392.98 8.67 0.00587
Trend + Length + Temp + Photo 390.07 394.15 9.84 0.00327

Florida Gar
Trend + Temp + Photo 133.91 138.11 - 0.663954
Trend + Temp + Photo + S-152 135.46 139.66 1.55 0.305886
Trend + Temp + Photo + S-152 + Δ Depth 140.93 145.14 7.03 0.019751
Trend + Temp + Photo + Mean Depth 142.34 146.55 8.44 0.009759
Trend + Temp + Photo + S-152 + Δ Depth + Mean Depth 147.76 151.97 13.86 0.000649
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Table 7. Effects of environmental, hydrological, and water management predictor 
variables on the variability of canal selection ratios for each species. 
Only models with ΔAICc values <2 are shown. 

 

 
  

Estimate ± SE
Kenward-
Rogers df F-value P-value

LMB
Model: Trend + Length + Temp + Photo + DPM

Trend 0.0008 ± 0.00 1, 222.5 0.85 0.3579
Length 0.1671 ± 0.03 1, 221.5 37.26 <0.0001
Temp 0.0648 ± 0.02 1, 208.7 13.84 0.0003
Photo -0.1751 ± 0.05 1, 201.0 13.85 0.0003
DPM 0.8667 ± 0.12 1, 222.8 54.63 <0.0001

Bowfin
Model: Trend + Length + Temp + Photo  + DPM

Trend 0.0067 ± 0.00 1, 144.0 7.37 0.0074
Length 0.1093 ± 0.04 1, 143.4 7.92 0.0056
Temp -0.0307 ± 0.03 1, 143.6 0.85 0.3568
Photo -0.0943 ± 0.10 1, 137.4 0.97 0.3262
DPM 0.9291 ± 0.17 1, 134.5 28.38 <.0001

Model: Trend + Length + Temp + Photo  + DPM + S-152
Trend 0.0068 ± 0.00 1, 142.9 7.51 0.0069
Length 0.1062 ± 0.04 1, 141.8 7.32 0.0077
Temp -0.0269 ± 0.03 1, 144.5 0.63 0.4297
Photo -0.1211 ± 0.11 1, 144.7 1.23 0.2684
DPM 0.9508 ± 0.18 1, 135.6 28.17 <.0001
S-152 0.0926 ± 0.18 1, 124.5 0.26 0.6108

Florida Gar
Model: Trend + Temp + Photo

Trend -0.0114 ± 0.00 1, 62.39 -3.41 0.0011
Temp -0.0174 ± 0.04 1, 41.69 -0.44 0.6601
Photo -0.2020 ± 0.10 1, 62.86 -1.95 0.0559

Model: Trend + Temp + Photo + S-152
Trend -0.0106 ± 0.00 1, 61.53 9.14 0.0036
Temp -0.0270 ± 0.04 1, 39.44 0.4 0.5308
Photo -0.1452 ± 0.13 1, 61.92 1.26 0.2664
S-152 -0.1415 ± 0.19 1, 61.11 0.58 0.4477
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Table 8. Results of generalized linear mixed-effects models of factors affecting 
diel ROM for LMB and Florida Gar.  

 

 
  

Model -2 Log Psuedo Likelihood Psuedo-AICc ΔAICc wi

LMB
Season + Time of Day + Season*Time of Day 3606.5 3610.5 - 0.9811
Season + Time of Day 3614.4 3618.4 7.90 0.0189

Florida Gar
Season + Time of Day + Season*Time of Day 1432.6 1436.7 - 0.9996
Season + Time of Day 1448.3 1452.3 15.60 0.0004
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Table 9. Significance of season and time of day on ROM for LMB and Florida 
Gar for generalized linear mixed-effects models. Results are only given for 
models with lowest Pseudo-AICc scores. 

 
  

Kenward-
Rogers df F-value P-value

LMB
Model: Season + Time of Day + Season*Time of Day

Season 3, 197 7.18 0.0001
Time of Day 3, 1006 3.02 0.0288
Season*Time of Day 9, 1027 1.42 0.1750

Florida Gar
Model: Season + Time of Day + Season*Time of Day

Season 3, 112 2.15 0.0977
Time of Day 3, 320 10.38 <.0001
Season*Time of Day 9,390 1.67 0.0943
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FIGURE CAPTIONS 
 

Figure 1. A) Map of South Florida demonstrating the geographic location of the 
study area; B) Map of DPM study area with water management features 
and spatial arrangement of habitat classes. Spatial resolution of pixels 
is 2 m. 

 
Figure 2. A) Hydrograph of daily median water depth for representative graminoid 

marshes in the Gap and WCA-3B; B) Mean proportion of available 
habitat that was in the canal class for tagged fish population reported 
separately by species; C) Proportion of tagged fish in canal habitat 
reported separately by species. D) Population-level selection ratio for 
canal habitat versus time reported separately by species. 

 
Figure 3. Representative time-series of habitat classification maps for a portion of 

the study area demonstrating intra-annual change in habitat availability 
from November 2014 to October 2015. Spatial resolution of pixels is 2 
m. 

 
Figure 4. Bar chart illustrating percent of radio-telemetry relocations in most used 

habitat classes reported separately by season. 
 
Figure 5. Step-length frequency distributions for weekly telemetry data. 
 
Figure 6. Step-length frequency distributions for diel telemetry data. 
 
Figure 7. Rate of movement (ROM) for LMB, Bowfin, and Florida Gar based on 

weekly tracking data. An * indicates a significant (p<0.05) intraspecific 
difference in ROM between seasons. For each season, bars with a 
letter in common are not significantly different. Error bars indicate 95% 
confidence intervals. 

 
Figure 8. A) Map demonstrating movement patterns of LP03 and LP08 from 

November 2015-September 2016. Movements for both fish were 
confined to relatively small ranges. LP03 resided primarily in marsh 
habitats while LP08 resided within the canal or in adjacent marshes; B) 
Map demonstrating movements of LP16 from January 2016-August 
2016. LP16 used all habitats except the sawgrass-cattail marsh class. 
Lines between sequential location points indicate Euclidean path. 
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Figure 1 
 
A) 

 
B)	
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
 
A) 

 
 
B) 
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Appendix 

 
  

Batch Date Tag Size (g) Species ID Length (SL) Time In MS-222 (min) Surgery Time (min) Recovery Time (min) Number of Sutures

1 2011 May 3.9 M. salmoides MS01 29 15 7 5 3

1 2011 May 3.9 M. salmoides MS02 26 3 6 5 3

1 2011 May 3.9 M. salmoides MS03 28 4 8 4 5

1 2011 May 2.9 M. salmoides MS05 30 5 19 26 3

1 2011 May 3.9 M. salmoides MS06 26 8 6 6 3

1 2011 May 2.9 M. salmoides MS07 27 4 6 6 2

1 2011 May 2.9 M. salmoides MS08 24.5 11 6 4 3

1 2011 May 2.9 M. salmoides MS09 27 8 6 10 3

1 2011 May 2.9 M. salmoides MS10 23 8 6 9 3

1 2011 May 2.9 M. salmoides MS11 26 18 5 11 3

2 2011 July 3.9 M. salmoides MS12 26 7 6 11 3

2 2011 July 3.9 M. salmoides MS13 29.5 4 4 . 2

2 2011 July 3.9 M. salmoides MS14 27.5 6 4 4 2

2 2011 July 2.9 M. salmoides MS15 32 12 4 6 2

2 2011 July 2.9 M. salmoides MS16 30 8 7 5 3

2 2011 July 2.9 M. salmoides MS17 39 6 6 11 2

2 2011 July 2.9 M. salmoides MS18 26.5 11 5 4 2

2 2011 July 2.9 M. salmoides MS19 25.5 3 8 5 3

2 2011 July 2.9 M. salmoides MS20 30 4 4 4 2

2 2011 July 2.9 M. salmoides MS21 28 4 5 2 2

3 2012 Jan 3.9 M. salmoides MS22 26.5 5 6 10 3

3 2012 Jan 3.9 M. salmoides MS23 29.8 12 6 4 3

3 2012 Jan 3.9 M. salmoides MS24 35.3 2 6 3 3

3 2012 Feb, 3.9 M. salmoides MS25 35.2 6 4 . 2

3 2012 Feb. 3.9 M. salmoides MS26 28.6 7 4 5 2

3 2012 Feb 3.9 M. salmoides MS27 30 10 4 4 3

3 2012 Feb. 3.9 M. salmoides MS28 28.7 5 7 3 3

4 2012 June 3.9 M. salmoides MS29 29.5 22 8 23 2

4 2012 June 3.9 M. salmoides MS30 34.5 4 4 4 2

4 2012 June 3.9 M. salmoides MS31 28 5 4 12 3

4 2012 June 3.9 M. salmoides MS32 32.5 3 5 14 2

4 2012 June 3.9 M. salmoides MS33 27 5 4 3 2

4 2012 June 3.9 M. salmoides MS34 28 2 4 10 2

4 2012 June 3.9 M. salmoides MS35 36.5 3 3 9 2

4 2012 June 3.9 M. salmoides MS36 27 8 3 10 2

4 2012 June 3.9 M. salmoides MS37 29 2 6 7 3

4 2012 June 3.9 M. salmoides MS38 35 10 9 5 3

4 2012 June 3.9 M. salmoides MS39 30.5 3 5 4 2

4 2012 June 3.9 M. salmoides MS40 28.5 4 3 7 2

4 2012 June 3.9 M. salmoides MS41 32 4 6 4 3

5 2013 Mar. 3.9 M. salmoides MS42 31.2 7 5 7 2

5 2013 Mar. 3.9 M. salmoides MS43 29.7 7 7 3 2

5 2013 Mar. 3.9 M. salmoides MS44 33.8 14 5 4 2

5 2013 Mar. 3.9 M. salmoides MS45 32.2 5 5 3 2

5 2013 Mar. 3.9 M. salmoides MS46 42.3 9 6 15 3

5 2013 Mar. 3.9 M. salmoides MS47 41 6 5 25 2

5 2013 Mar. 3.9 M. salmoides MS48 42.1 4 5 3 2

5 2013 Mar. 3.9 M. salmoides MS49 29 6 5 12 2

5 2013 Mar. 3.9 M. salmoides MS50 32.8 4 5 3 2

5 2013 Mar. 3.9 M. salmoides MS51 29.7 4 5 4 3

5 2013 Mar. 3.9 M. salmoides MS52 31.5 5 5 5 2

5 2013 Mar. 3.9 M. salmoides MS53 27.4 5 6 4 2

5 2013 Mar. 3.9 M. salmoides MS54 31.9 4 5 10 3

5 2013 Mar. 3.9 M. salmoides MS55 37.9 4 5 2 2

5 2013 Mar. 3.9 M. salmoides MS56 37.8 4 5 7 2

5 2013 Mar. 3.9 M. salmoides MS57 35.3 11 5 3 3

5 2013 Mar. 3.9 M. salmoides MS58 38.1 4 5 10 3

5 2013 Mar. 3.9 M. salmoides MS59 29.2 5 5 2 3

5 2013 Mar. 3.9 M. salmoides MS60 28.6 3 5 2 3

5 2013 Mar. 3.9 M. salmoides MS61 30.8 6 5 3 3

6 2013 Oct. 3.9 M. salmoides MS62 41 3 5 6 2

6 2013 Oct. 3.9 M. salmoides MS63 27.9 4 5 10 2

6 2013 Oct. 3.9 M. salmoides MS64 27 4 5 1 2

6 2013 Oct. 3.9 M. salmoides MS65 28.8 4 6 1 3

6 2013 Oct. 3.9 M. salmoides MS66 25.4 15 5 1 2

6 2013 Oct. 3.9 M. salmoides MS67 42.8 9 4 3 2

6 2013 Oct. 3.9 M. salmoides MS68 25.5 11 7 2 3

6 2013 Oct. 3.9 M. salmoides MS69 30.5 3 5 1 2

6 2013 Oct. 3.9 M. salmoides MS70 43.4 4 6 8 3
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Appendix (continued) 

 
  

6 2013 Oct. 3.9 M. salmoides MS70 43.4 4 6 8 3
6 2013 Oct. 3.9 M. salmoides MS71 28.2 6 8 1 3
6 2013 Oct. 3.9 M. salmoides MS72 27.2 4 7 3 3
6 2013 Oct. 3.9 M. salmoides MS73 42.4 2 6 5 3
6 2013 Oct. 3.9 M. salmoides MS74 39.5 8 6 3 3
6 2013 Oct. 3.9 M. salmoides MS75 38 3 5 6 3
6 2013 Oct. 3.9 M. salmoides MS76 31.2 3 6 2 3
6 2013 Oct. 3.9 M. salmoides MS77 36.6 2 6 4 3
6 2013 Oct. 3.9 M. salmoides MS78 30.9 2 6 4 3
6 2013 Oct. 3.9 M. salmoides MS79 26.2 2 7 5 3
6 2013 Oct. 3.9 M. salmoides MS80 27.8 4 6 4 3
6 2013 Oct. 3.9 M. salmoides MS81 28.1 5 6 1 3
7 2014 Sept. 8.5 M. salmoides MS82 43.2 6 7 1 4
7 2014 Sept. 8.5 M. salmoides MS83 45 5 6 6 3
7 2014 Sept. 8.5 M. salmoides MS84 35.2 6 6 2 3
7 2014 Sept. 8.5 M. salmoides MS85 30.4 6 7 2 4
7 2014 Sept. 8.5 M. salmoides MS86 37.3 5 6 2 4
7 2014 Sept. 8.5 M. salmoides MS87 35.1 5 6 1 4
7 2014 Sept. 8.5 M. salmoides MS88 29.7 3 6 2 3
7 2014 Sept. 8.5 M. salmoides MS89 32.8 3 7 8 4
7 2014 Sept. 8.5 M. salmoides MS90 32.7 6 6 10 4
7 2014 Sept. 8.5 M. salmoides MS91 42.7 6 6 8 4
7 2014 Sept. 8.5 M. salmoides MS92 42.5 5 5 2 4
7 2014 Sept. 8.5 M. salmoides MS93 33 2 6 15 3
7 2014 Sept. 8.5 M. salmoides MS94 34.9 6 6 7 3
7 2014 Sept. 8.5 M. salmoides MS95 39 5 5 17 3
7 2014 Sept. 8.5 M. salmoides MS96 45 3 6 6 3
7 2014 Oct. 8.5 M. salmoides MS97 29.6 4 6 3 3
7 2014 Oct. 8.5 M. salmoides MS98 34 4 5 5 3
7 2014 Oct. 8.5 M. salmoides MS99 28.8 6 5 6 3
7 2014 Oct. 8.5 M. salmoides MS100 30 4 6 1 3
7 2014 Oct. 8.5 M. salmoides MS101 29.9 6 5 1 .
8 2015 Nov. 8.5 M. salmoides MS102 37.5 7 7 5 5
8 2015 Nov. 8.5 M. salmoides MS103 38 12 6 6 4
8 2015 Nov. 8.5 M. salmoides MS104 30 7 5 1 4
8 2015 Nov. 8.5 M. salmoides MS105 36.4 3 5 5 3
8 2015 Nov. 8.5 M. salmoides MS106 37.4 3 5 3 3
8 2015 Nov. 8.5 M. salmoides MS107 41 3 5 2 3
8 2015 Nov. 8.5 M. salmoides MS108 40.8 3 5 2 3
8 2015 Nov. 8.5 M. salmoides MS109 35.8 4 5 5 3
8 2015 Nov. 8.5 M. salmoides MS110 37.4 14 5 2 3
8 2015 Nov. 8.5 M. salmoides MS111 38.1 4 5 0 3
8 2015 Nov. 8.5 M. salmoides MS112 42 7 5 0 3
8 2015 Nov. 8.5 M. salmoides MS113 35.3 4 4 5 3
8 2015 Nov. 8.5 M. salmoides MS114 34.2 2 4 6 3
8 2015 Nov. 8.5 M. salmoides MS115 33.8 4 5 5 3
8 2015 Nov. 8.5 M. salmoides MS116 36.8 3 5 2 3
8 2015 Nov. 8.5 M. salmoides MS117 31.6 7 6 0 3
8 2015 Nov. 8.5 M. salmoides MS118 36.8 3 5 10 3
8 2015 Nov. 8.5 M. salmoides MS119 30.8 6 4 2 3
8 2015 Nov. 8.5 M. salmoides MS120 34.4 7 5 2 3
8 2015 Nov. 8.5 M. salmoides MS121 33.4 3 5 1 3
9 2016 Sept. 7.9 M. salmoides MS122 44.5 4 8 7 3
9 2016 Sept. 7.9 M. salmoides MS123 30.9 7 8 4 3
9 2016 Sept. 7.9 M. salmoides MS124 31 9 8 14 2
9 2016 Sept. 7.9 M. salmoides MS125 29.9 5 8 12 3
9 2016 Sept. 7.9 M. salmoides MS126 28.4 6 8 9 3
9 2016 Sept. 7.9 M. salmoides MS127 30 8 6 8 2
9 2016 Sept. 7.9 M. salmoides MS128 41.3 18 8 4 3
9 2016 Sept. 7.9 M. salmoides MS129 43.7 7 7 6 3
9 2016 Sept. 7.9 M. salmoides MS130 37.4 10 6 5 2
9 2016 Sept. 7.9 M. salmoides MS131 28.7 7 7 3 2
9 2016 Oct. 7.9 M. salmoides MS132 34.5 7 7 5 3
9 2016 Oct. 7.9 M. salmoides MS133 43 8 6 9 3
9 2016 Oct. 7.9 M. salmoides MS134 42.4 13 5 7 2
9 2016 Oct. 7.9 M. salmoides MS135 31.5 13 5 4 2
9 2016 Oct. 7.9 M. salmoides MS136 32.1 7 7 3 2
9 2016 Oct. 7.9 M. salmoides MS137 36.7 8 5 5 2
9 2016 Oct. 7.9 M. salmoides MS138 33.4 6 4 3 2
9 2016 Oct. 7.9 M. salmoides MS139 42.4 6 4 4 2
9 2016 Oct. 7.9 M. salmoides MS140 44 6 5 2 2
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9 2016 Oct. 7.9 M. salmoides MS140 44 6 5 2 2
9 2016 Oct. 7.9 M. salmoides MS141 29.9 7 6 8 2
1 2011 May 3.9 A. calva AC01 45 2 14 16 3
1 2011 May 3.9 A. calva AC02 42 3 9 3 4
1 2011 May 3.9 A. calva AC03 38 4 8 5 re-sutured; 3
1 2011 May 3.9 A. calva AC04 35 8 12 39 3
1 2011 May 3.9 A. calva AC05 37.5 7 11 5 4
1 2011 May 2.9 A. calva AC06 50 7 7 18 re-sutured; 3
1 2011 May 2.9 A. calva AC07 52.5 4 7 20 3
1 2011 May 3.9 A. calva AC08 31.5 12 9 6 3
1 2011 May 2.9 A. calva AC09 37 10 9 19 3
1 2011 May 2.9 A. calva AC10 37 15 4 20 re-sutured; 2
2 2011 July 3.9 A. calva AC11 39 4 8 4 2
2 2011 July 3.9 A. calva AC12 39.5 15 8 8 3
2 2011 July 3.9 A. calva AC13 45.5 4 6 17 2
2 2011 July 3.9 A. calva AC14 41.5 4 5 10 2
2 2011 July 3.9 A. calva AC15 39.5 5 6 7 2
2 2011 July 3.9 A. calva AC16 32.5 4 4 . 2
2 2011 July 3.9 A. calva AC17 47 6 8 12 2
2 2011 July 2.9 A. calva AC18 45 4 6 11 2
2 2011 July 2.9 A. calva AC19 47 3 6 3 2
2 2011 July 2.9 A. calva AC20 41 2 10 5 3
3 2012 Jan. 3.9 A. calva AC21 40 21 6 8 3
3 2012 Jan. 3.9 A. calva AC22 40.3 5 7 3 3
3 2012 Jan. 3.9 A. calva AC23 44.5 5 7 4 3
3 2012 Jan. 3.9 A. calva AC24 44.4 17 7 6 3
3 2012 Jan. 3.9 A. calva AC25 37.2 6 4 4 3
3 2012 Jan. 3.9 A. calva AC26 39.7 3 4 5 3
3 2012 Feb. 3.9 A. calva AC27 38.1 6 8 4 2
3 2012 Feb. 3.9 A. calva AC28 40.5 6 8 14 2
3 2012 Feb. 3.9 A. calva AC29 38.5 7 7 6 2
3 2012 Feb. 3.9 A. calva AC30 38.4 4 5 4 2
3 2012 Feb. 3.9 A. calva AC31 40.3 5 3 7 2
3 2012 Feb. 3.9 A. calva AC32 38.3 10 6 3 3
3 2012 Feb. 3.9 A. calva AC33 44.5 1 3 8 3
4 2012 June 3.9 A. calva AC30 41 2 6 9 Re-tagged; 2
4 2012 June 3.9 A. calva AC33 46 2 10 3 Re-tagged; 2
4 2012 June 3.9 A. calva AC34 53 8 3 12 2
4 2012 June 3.9 A. calva AC35 43 5 7 4 2
4 2012 June 3.9 A. calva AC36 52 10 5 14 2
4 2012 June 3.9 A. calva AC37 42.5 4 4 5 2
4 2012 June 3.9 A. calva AC38 54 4 7 5 2
4 2012 June 3.9 A. calva AC39 42 5 5 8 3
4 2012 June 3.9 A. calva AC40 41.5 4 4 5 2
5 2013 Mar. 3.9 A. calva AC41 44.8 6 7 3 2
5 2013 Mar. 3.9 A. calva AC42 39.7 4 6 5 2
5 2013 Mar. 3.9 A. calva AC43 36 5 7 2 2
5 2013 Mar. 3.9 A. calva AC44 45.6 5 6 1 2
5 2013 Mar. 3.9 A. calva AC45 38.6 4 6 2 2
5 2013 Mar. 3.9 A. calva AC46 37.8 4 6 1 2
5 2013 Mar. 3.9 A. calva AC47 38.1 5 5 1 2
5 2013 Mar. 3.9 A. calva AC48 39.3 5 6 2 2
5 2013 Mar. 3.9 A. calva AC49 43.7 5 6 4 2
5 2013 Mar. 3.9 A. calva AC50 52.6 7 7 10 3
5 2013 Mar. 3.9 A. calva AC51 42.5 5 5 3 2
5 2013 Mar. 3.9 A. calva AC52 40.2 5 7 2 2
5 2013 Mar. 3.9 A. calva AC53 48.4 4 5 4 3
5 2013 Mar. 3.9 A. calva AC54 43.5 5 5 1 2
5 2013 Mar. 3.9 A. calva AC55 46 5 7 2 2
5 2013 Mar. 3.9 A. calva AC56 42 3 4 2 2
5 2013 Mar. 3.9 A. calva AC57 39.2 3 6 2 2
5 2013 Mar. 3.9 A. calva AC58 50.3 4 7 1 3
6 2013 Oct. 3.9 A. calva AC59 38.8 3 5 . 3
6 2013 Oct. 3.9 A. calva AC60 36.4 5 5 . 2
6 2013 Oct. 3.9 A. calva AC61 52.5 4 8 . 3
6 2013 Oct. 3.9 A. calva AC62 43.1 3 4 . 2
6 2013 Oct. 3.9 A. calva AC63 43.3 6 7 . 2
6 2013 Oct. 3.9 A. calva AC64 40.6 3 5 5 2
6 2013 Oct. 3.9 A. calva AC65 46.1 3 5 4 2
6 2013 Oct. 3.9 A. calva AC66 42.3 4 6 . 2
6 2013 Oct. 3.9 A. calva AC67 43.2 3 6 1 3
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6 2013 Oct. 3.9 A. calva AC67 43.2 3 6 1 3
6 2013 Oct. 3.9 A. calva AC68 37.9 4 8 . 2
6 2013 Oct. 3.9 A. calva AC69 35.4 5 5 13 2
6 2013 Oct. 3.9 A. calva AC70 41.9 2 7 1 3
6 2013 Oct. 3.9 A. calva AC71 36.5 3 5 5 2
6 2013 Oct. 3.9 A. calva AC72 38.3 4 5 1 2
6 2013 Oct. 3.9 A. calva AC73 39.9 2 6 . 3
6 2013 Oct. 3.9 A. calva AC74 46.5 3 6 . 2
6 2013 Oct. 3.9 A. calva AC75 41.4 8 6 7 3
6 2013 Oct. 3.9 A. calva AC76 45.3 4 6 1 3
6 2013 Oct. 3.9 A. calva AC77 44.3 6 6 . 2
6 2013 Oct. 3.9 A. calva AC78 58.1 3 6 2 3
7 2014 Sept. 8.5 A. calva AC79 40.1 6 8 2 2
7 2014 Sept. 8.5 A. calva AC80 37.8 4 5 1 3
7 2014 Sept. 8.5 A. calva AC81 49.3 5 6 2 3
7 2014 Sept. 8.5 A. calva AC82 44.5 5 7 1 3
7 2014 Sept. 8.5 A. calva AC83 56 6 7 1 3
7 2014 Sept. 8.5 A. calva AC84 53 6 7 2 3
7 2014 Sept. 8.5 A. calva AC85 39.3 3 7 2 3
7 2014 Sept. 8.5 A. calva AC86 44.6 5 7 1 3
7 2014 Sept. 8.5 A. calva AC87 60.5 6 6 1 3
7 2014 Sept. 8.5 A. calva AC88 41.8 7 5 2 2
7 2014 Sept. 8.5 A. calva AC89 45.4 3 6 1 3
7 2014 Sept. 8.5 A. calva AC90 38.7 4 8 1 3
7 2014 Sept. 8.5 A. calva AC91 40 6 7 . 2
7 2014 Sept. 8.5 A. calva AC92 47.5 5 7 2 3
7 2014 Sept. 8.5 A. calva AC93 48.3 4 5 5 3
7 2014 Sept. 8.5 A. calva AC94 41 7 6 2 3
7 2014 Sept. 8.5 A. calva AC95 52.6 6 7 3 3
7 2014 Sept. 8.5 A. calva AC96 41 4 6 3 2
7 2014 Sept. 8.5 A. calva AC97 55 4 5 1 3
7 2014 Oct. 8.5 A. calva AC98 52.3 5 5 5 2
8  2015 Nov. 8.5 L. platyrhincus LP01 45.3 51 5 11 1
8  2015 Nov. 8.5 L. platyrhincus LP02 51.7 58.5 10 12 .
8  2015 Nov. 8.5 L. platyrhincus LP03 47.9 53.1 6 8 .
8  2015 Nov. 8.5 L. platyrhincus LP04 46.4 52.5 4 8 .
8  2015 Nov. 8.5 L. platyrhincus LP05 49.4 56 5 8 .
8  2015 Nov. 8.5 L. platyrhincus LP06 49.7 56.5 5 7 .
8  2015 Nov. 8.5 L. platyrhincus LP07 46.4 53.3 8 9 .
8  2015 Nov. 8.5 L. platyrhincus LP08 45.1 50.8 8 6 .
8  2015 Nov. 8.5 L. platyrhincus LP09 51.7 58.9 5 12 .
8  2015 Nov. 8.5 L. platyrhincus LP10 50.1 57.1 3 8 .
8  2015 Nov. 8.5 L. platyrhincus LP11 48.8 54.1 3 7 3
8  2015 Nov. 8.5 L. platyrhincus LP12 56.2 63.8 7 10 .
8  2015 Nov. 8.5 L. platyrhincus LP13 53.3 59 6 8 .
8  2015 Nov. 8.5 L. platyrhincus LP14 44.8 50.4 7 7 .
8  2015 Nov. 8.5 L. platyrhincus LP15 50.6 57.5 10 9 .
8  2015 Nov. 8.5 L. platyrhincus LP16 52.9 60 17 10 .
8  2015 Nov. 8.5 L. platyrhincus LP17 47.3 53.5 3 8 .
8  2015 Nov. 8.5 L. platyrhincus LP18 55 62.7 6 6 .
8  2015 Nov. 8.5 L. platyrhincus LP19 46.9 53.3 7 6 .
8  2015 Nov. 8.5 L. platyrhincus LP20 50.5 57.5 6 6 .
9 2016 Sept. 7.9 L. platyrhincus LP21 44 51.5 10 13 5
9 2016 Sept. 7.9 L. platyrhincus LP22 46.3 53 33 8 3
9 2016 Sept. 7.9 L. platyrhincus LP23 46 51.5 14 10 5
9 2016 Sept. 7.9 L. platyrhincus LP24 45.7 52.4 11 8 1
9 2016 Sept. 7.9 L. platyrhincus LP25 46.7 53.5 15 10 1
9 2016 Sept. 7.9 L. platyrhincus LP26 45.7 52.5 11 7 2
9 2016 Oct. 7.9 L. platyrhincus LP27 54 62.3 15 10 8
9 2016 Oct. 7.9 L. platyrhincus LP28 42.4 48.4 22 9 4
9 2016 Oct. 7.9 L. platyrhincus LP29 52.5 60.5 26 11 2
9 2016 Oct. 7.9 L. platyrhincus LP30 48.5 55 18 8 1
9 2016 Oct. 7.9 L. platyrhincus LP31 50 57 9 11 2
9 2016 Oct. 7.9 L. platyrhincus LP32 49 56 15 9 1
9 2016 Oct. 7.9 L. platyrhincus LP33 44 50.4 8 6 1
9 2016 Oct. 7.9 L. platyrhincus LP34 44 50.7 8 7 1
9 2016 Oct. 7.9 L. platyrhincus LP35 53 59 6 9 1
9 2016 Oct. 7.9 L. platyrhincus LP36 45 51.6 8 6 1
9 2016 Oct. 7.9 L. platyrhincus LP37 47 53.3 6 8 1
9 2016 Oct. 7.9 L. platyrhincus LP38 42.1 48.5 6 6 1
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9 2016 Oct. 7.9 L. platyrhincus LP38 42.1 48.5 6 6 1
9 2016 Oct. 7.9 L. platyrhincus LP39 41.7 47 9 7 1
9 2016 Oct. 7.9 L. platyrhincus LP40 44.3 49.9 5 8 1


