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ABSTRACT 

 This is the first study to compare nekton use and habitat value among Spartina 

alterniflora (Spartina), Avicennia germinans (black mangrove), and transition (S. alterniflora 

and A. germinans) sites within Louisiana’s salt marsh-mangrove ecotone.  Fishes and crustaceans 

were collected in Caminada Bay during fall 2003 and spring 2004 using 4 m2, bottomless lift 

nets.  Although analyses were unable to demonstrate significant differences in fish (p=0.0753) 

and crustacean (p=0.1457) densities and species composition (p=0.8801) across sites, habitat-

specific trends in nekton use were evident.  Fishes, including gulf killifish and sheepshead 

minnows, showed affinities for the Spartina site, while crustaceans, especially white shrimp, 

were more associated with the mangrove site.  Total fish biomass (p=0.0396) and gulf killifish 

biomass (p=0.0223) and densities (p=0.0543) were significantly greater at Spartina than 

mangrove sites.  White shrimp biomass was significantly greater at mangrove than Spartina 

(p=0.0062) and transition sites (p=0.0143) and gulf stone crab densities were also higher at 

mangrove than transition sites (p=0.0061).  Habitat type, areal stem cover (ASC), turbidity, and 

temperature explained 52% of the variability in nekton densities.  Greater structural complexity 

(ASC, p<0.0001) at the mangrove site may increase refuge value for crustaceans given that (1) 

most were juveniles, including white shrimp, brown shrimp, blue crabs, and gulf stone crabs, and 

(2) white shrimp and brown shrimp were positively associated with ASC.  Lower ASC and 

greater flooding depths (p=0.0318) and durations (p=0.0065) at Spartina than at the higher 

elevation mangrove site may benefit larger nekton by increasing access to the flooded marsh.  

The transition site had similar vegetation characteristics as the Spartina site, but flooding depths 

and durations resembled the mangrove site.  Nekton densities were positively related to flooding 

duration at mangrove (fish, p=0.0031; crustacean, p=0.0040) and transition sites (fish, 



 xi

p=0.0018).  Low fish use at mangrove and transition sites during spring 2004 suggests that (1) 

reduced hydroperiod negatively affects fishes, and (2) Spartina marshes may become especially 

important when meteorological events reduce access to mangrove and transition habitat types.  

More research is necessary to determine if these findings are representative of Louisiana’s salt 

marsh-mangrove ecotone statewide, and to understand the fisheries implications of continued 

mangrove expansions.   
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INTRODUCTION 

Mangroves replace salt marshes as the dominant coastal wetlands at subtropical and 

tropical latitudes (Mendelssohn & McKee 2000, Mitsch & Gosselink 2000).  At 29oN latitude, 

coastal Louisiana is at the northernmost extent of the mangrove range in North America (Sherrod 

& McMillan 1985).  In Louisiana, Avicennia germinans (black mangroves) and Spartina 

alterniflora (smooth cordgrass) form a salt marsh-mangrove ecotone.  Within this landscape, 

black mangroves occupy higher elevations, on the fringe of bays and creekbanks, and smooth 

cordgrass salt marshes dominate lower elevations and interior marshes (Patterson & 

Mendelssohn 1991, Patterson et al. 1997).  A transition zone occurs at intermediate elevations 

where A. germinans and S. alterniflora coexist (Patterson et al. 1997).   

Black mangroves have been sporadically reported in Louisiana since the 1700’s (Sherrod 

& McMillan 1985) and are currently most prevalent in the southcentral part of the state, around 

Port Fourchon and Grand Isle.  Historically, periodic freeze events and resultant diebacks have 

controlled the distribution and abundance of black mangroves in the northern Gulf of Mexico 

(Sherrod & McMillan 1985).  In fact, several days of severe freezing temperatures during the 

winters of 1983 and 1985 killed all above-ground black mangrove biomass at a study site near 

Port Fourchon (Patterson & Mendelssohn 1991).  Mild temperatures since the last hard freeze, 

during the winter of 1989-90, have facilitated an expansion of black mangroves in Louisiana.   

Global climate change models predict increases in air temperature of 1.4-5.8oC by 2100 

(USGCRP 2002) that may enable mangroves to expand beyond their current range.  However, 

sea level rise and local sediment availability will be the primary factors affecting future 

mangrove distributions (Field 1995).  Predicting future changes to Louisiana’s salt marshes and 

mangroves is confounded by natural and anthropogenic factors that have reduced sediment input 
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and accelerated local subsidence rates (Penland & Ramsey 1990, Turner 1990, Britsch & Dunbar 

1993).  Global climate change may facilitate vegetation shifts in coastal Louisiana, such as (1) 

widespread and permanent black mangrove expansion in the region and/or (2) the appearance 

and survival of less cold tolerant mangrove species (e.g., Rhizophora mangle) in the northern 

Gulf of Mexico (Gulf).  Whether the current black mangrove expansion is a periodic 

phenomenon or a permanent vegetation shift linked to global warming, it is important to 

understand how black mangroves affect the fish and crustacean communities that rely on 

Louisiana’s coastal wetlands.   

Many studies have examined fish and crustacean use of Louisiana’s salt marshes 

(Rakocinski et al. 1992, Baltz et al. 1993, Rozas & Reed 1993, Peterson & Turner 1994, Minello 

& Rozas 2002), yet none have compared their use among black mangrove, salt marsh, and 

transition habitat types.  Congress reauthorized the Magnuson-Stevens Fishery Conservation and 

Management Act through the Sustainable Fisheries Act in 1996 to ensure that “essential fish 

habitat” (EFH) be designated for every species federally managed under fishery management 

plans.  As such, EFH is defined as “those waters and substrate necessary to fish for spawning, 

breeding, feeding, and/or growth to maturity” (NOAA 1996).  Currently, the role of black 

mangrove and transition habitat types as EFH in Louisiana is unknown.   

The high fisheries production characteristic of the Gulf coast has often been attributed to 

the immense area and quality of these coastal habitats (Turner 1977, Zimmerman et al. 2000).  

Extensive coastal marshes across Louisiana and the northern Gulf account for 55% of the total 

wetlands in the United States (Mendelssohn & McKee 2000).  These marshes support productive 

penaeid shrimp (Litopenaeus setiferus, Farfantepenaeus aztecus, F.  duorarum) and blue crab 

(Callinectes sapidus) fisheries that constitute 66% and 25% of their respective national fisheries’ 
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production (Zimmerman et al. 2000).  In addition, Louisiana’s commercial fish catch is second 

only to Alaska (Chesney et al. 2000).   

It is a commonly held belief among fisheries scientists and managers that coastal 

wetlands provide important food and refuge resources for nekton (Boesch & Turner 1984, Rozas 

& Odum 1988).  Epifaunal and infaunal organisms are an abundant, high quality food resource 

for fishes and crustaceans in both salt marshes (Rozas & LaSalle 1990, Minello & Zimmerman 

1991, Gregg & Fleeger 1997, Gregg & Fleeger 1998, Smith et al. 2000, Whaley & Minello 

2002) and mangroves (Stoner & Zimmerman 1988, Sasekumar et al. 1992, Ley et al. 1994, 

Sheridan 1997).  In addition, these vegetated habitat types offer structurally complex refuge that 

may reduce predation pressure on small nekton and increase their growth and survival (Minello 

& Zimmerman 1983, Minello et al. 1989, Wilson 1989, Rozas & Minello 1998, Laegdsgaard & 

Johnson 2001, Sheridan & Hays 2003, Minello et al. 2003).   

Salt marshes and mangroves are intertidal habitat types that are only accessible to fishes 

and crustaceans when inundated (Kneib & Wagner 1994, Rozas 1995).  Consequently, 

hydroperiod, the frequency and duration of inundation, is the primary factor affecting nekton 

access to salt marshes and mangroves both temporally and spatially (Rozas 1995).  Several 

factors affect hydroperiod, such as astronomical tides, meteorological/climatological effects, 

vertical movement of land surfaces, and coastal geomorphology (Rozas 1995).  Hydrological 

conditions also affect the development of the physicochemical environment within the marsh and 

the biota that are found there (Mitsch and Gosselink 2000).  Fish and crustacean metabolic 

processes, for example, are directly affected by salinity, temperature, and dissolved oxygen and 

indirectly by water depth, turbidity, light, and sediment type (Craig & Crowder 2000).    
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Fish and crustacean habitat selection integrates a combination of factors, including 

abiotic conditions, food resources, bioenergetics, competition, and predation (Craig & Crowder 

2000).   These factors are directly and indirectly affected by habitat structure (e.g., vegetation 

type), substrate (e.g., sediment grain size), hydrodynamics (e.g., currents, hydroperiod), and 

general hydrology (e.g., depth, temperature, salinity, turbidity; Minello 1999).  Consequently, 

differences among Louisiana’s salt marsh, black mangrove, and transition habitat characteristics 

may affect the availability and extent to which fishes and crustaceans select and use these habitat 

types.    

Researchers often compare nekton use of two or more adjacent habitat types to gauge 

their relative habitat value.  The latitudinal separation of salt marshes and mangroves limits 

direct comparative studies of habitat use to a few locations with salt marsh–mangrove ecotones.  

The majority of fish and crustacean research in mangroves has come from the tropics or 

Australia (Table 1), where differences in mangrove species, salt marsh species, associated biota, 

adjacent habitat types, geomorphology, hydroperiod, and climate make direct comparisons to 

Louisiana’s salt marsh-mangrove ecotone difficult. 

This is the first study to examine fish and decapod crustacean use of Spartina alterniflora 

(Spartina), Avicennia germinans (black mangrove), and transition (S. alterniflora and A. 

germinans) habitat types within Louisiana’s salt marsh-mangrove ecotone.  The research goals 

were as follows:  (1) identify and compare Spartina, black mangrove, and transition habitat 

characteristics; (2) compare fish and decapod crustacean use among the three habitat types; and 

(3) discern the relative importance of different habitat characteristics on fish and crustacean use 

of Spartina, mangrove, and transition habitat types.  Habitat use was evaluated by comparing 

fish and crustacean species diversity and richness, abundance, density, biomass, and size 
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(length).  Habitat value was assessed by comparing the following characteristics:  vegetation 

percent cover, stem density, areal stem cover, surface elevation, water depth, flooding frequency 

and duration, water temperature, salinity, dissolved oxygen, turbidity, sediment grain size, and 

benthic meiofauna composition and abundance.  This research tested the null hypotheses that fish 

and crustacean use and habitat value did not differ among Spartina, mangrove, and transition 

sites or between fall and spring seasons. 

Table 1.  Research comparing fish/invertebrate use of mangroves and adjacent habitat types. 
 
                               
Study                   Location   Study Animals Habitat Type(s)   
 
Acosta 1997   Puerto Rico  fish  mangroves, coral reef 
Bell et al. 1984   Australia   fish  mangrove creek 
Blaber et al. 1989   Australia     fish  mangrove, seagrass, open water, sand, mud 
Bloomfield & Gillanders 2005  Australia   fish and invertebrates mangrove, seagrass, marsh, nonvegetated 
Chong et al. 1990   Malaysia   fish and shrimp mangrove, mudflat, near /far inshore 
Cocheret de la Morinière et al. 2004 Caribbean   fish  mangrove, seagrass 
Ellis & Bell 2004   Florida (USA)  fish  intertidal mangrove forest 
Halpern 2004   Caribbean   fish  mangroves 
Hindell & Jenkins 2004  Australia   fish  mangrove, mudflat 
Kuo et al. 1999   China   fish  mangrove creeks 
Laegdsgaard & Johnson 2001  Australia   juvenile fish mangroves 
Laroche et al. 1997   Madagascar   fish  mangrove creeks 
Ley et al. 1994   Florida (USA)  fish  mangroves    
Ley et al. 1999   Florida (USA)  fish  mangrove prop roots 
Lin & Shao 1999   China   fish  mangrove creek 
Louis et al. 1995   Caribbean   fish  mangrove forests 
McIvor & Smith 1995   Florida (USA) and Australia crabs  intertidal mangrove forests 
Mohan et al. 1997   India   shrimp  mangrove forest 
Nagelkerken et al. 2000  Caribbean   fish  mangroves, seagrass, coral reef 
Nagelkerken et al. 2002  Caribbean   fish  mangroves, seagrass, coral reef 
Nagelkerken & van der Velde 2004 Caribbean   fish  mangrove, seagrass  
Odum & Heald 1972   Florida (USA)  fish and invertebrates mangrove 
Pinto & Punchihewa 1996  Sri Lanka   fish  mangrove, seagrass 
Rönnbäck et al. 1999   Phillipines   fish and shrimp different mangrove species 
Rooker & Dennis 1991  Puerto Rico  fish  mangrove prop roots 
Sasekumar et al. 1992   Malaysia   fish and shrimp mangrove inlets and creeks 
Sheaves & Molony 2000  Australia   fish and crabs intertidal mangrove forests          
Sheridan 1992   Florida (USA)  fish and crabs mangrove, seagrass, open water   
Sheridan & Hays 2003  review paper  fish and crustaceans mangrove, seagrass, reef, marsh, sand, mud 
Wilson 1989   Florida (USA)  crabs  mangrove (prop roots, pneumatophores) 
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METHODS 

Study Area 

 This study was conducted in southwestern Caminada Bay, Louisiana (29o13’N, 90o06’W) 

within the Wisner Wildlife Management Area (Figure 1).  Caminada Bay (5,663 ha) is a shallow 

bay (≤2 meters) in southcentral Louisiana that connects with Barataria Bay to the east, Timbalier 

Bay to the west, and Grand Isle and the Gulf of Mexico to the south.  Caminada Bay is within the 

Barataria Basin, which extends 110 km inland from the Gulf and consists of 145,000 ha of 

productive salt marsh (Baltz et al. 1993).  Salinities within the salt marshes of the Barataria Basin 

range from 6-22 ppt and freshwater input to the system comes primarily from precipitation, 

which averages 160 cm year-1 (Baltz et al. 1993).  Coastal Louisiana is microtidal, with 

predominantly diurnal tides that average 0.32 m in range (Zetler & Hansen 1972).  Louisiana’s 

tidal regime is sensitive to meteorological forcing events (in particular winter/spring atmospheric 

cold front passages) that effectively override astronomical tides and prevent or enhance marsh 

flooding or draining depending on wind speed and direction (Rogers et al. 1993, Rozas 1995, 

Minello 1999).  The close proximity of Avicennia germinans, Spartina alterniflora, and 

transition sites (Figure 2) within southwestern Caminada Bay allowed simultaneous sampling of 

the three habitat types, which minimized temporal and tidal variability.   

Study Design 

 Bottomless lift nets (Rozas 1992), a type of enclosure sampling gear, were used to 

quantify fish and decapod crustacean densities and biomass at Spartina, black mangrove, and 

transition sites.  Four, replicate, 4 m2 lift nets were constructed one meter in from the vegetation-

water interface at each of the three habitat types for a total of 12 lift nets.  Lift nets were 2 m x 2 

m x 1 m nets (1/8 inch mesh) attached to 4 m2 wooden frames that were permanently inserted  
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Figure 1.  Study area in southwestern Caminada Bay, Louisiana, USA.  Black mangrove (M), Spartina (S), and transition (T) sampling 
sites are shown.
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                 a.) Avicennia germinans        b.) Spartina alterniflora 
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Figure 2.  (a) Avicennia germinans (black mangrove), (b) Spartina alterniflora (smooth 
cordgrass), and (c) transition habitat types in southwestern Caminada Bay, Louisiana. 
 
into a narrow trench dug into the marsh floor.  The nets collapsed flush with the marsh surface 

when they were not fishing.  Ropes were tied to the four corners of the net and threaded through 

four corner guideposts.  At slack high tide, two people remotely lifted each net with one swift 

pulling motion on the ropes.  As the marsh drained, fishes and crustaceans were concentrated 

into a pit trap which was buried flush with the marsh surface at the lowest elevation within the 
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net.  Temporary boardwalks surrounded each lift net and were used during net maintenance and 

removal of the catch to minimize disturbance to the vegetation and the marsh/mangal surface. 

Lift nets must flood and drain completely to work effectively.  Therefore, the 12 

sampling dates were chosen to coincide with the highest tidal ranges each month.  Fall and 

spring seasons were chosen because these are periods of high nekton abundances and high water 

levels in the marsh (Rozas 1995).  Fall sampling occurred twice monthly from August to October 

2003 for a total of six fall sampling trips.  Spring sampling began in late March 2004, was 

suspended in April because of insufficient marsh flooding due to meteorological conditions, and 

resumed in May and June for a total of six spring sampling trips.   

Habitat Measurements 

Vegetation  

 Percent cover was visually estimated for each plant species present within Spartina, black 

mangrove, and transition lift nets.  Percent cover was recorded five times during fall and at the 

beginning and end of the spring season.  Avicennia germinans cover was specified as canopy or 

pneumatophores.   

Stem densities, diameters, and heights were measured three times in fall and twice in 

spring using 0.25 m2 quadrates.  One quadrate was randomly placed in the front of the lift net 

(i.e., closest to the vegetation-water interface) and a second quadrate was randomly placed in the 

back of the lift net.  Stem densities from the front and back quadrates were then averaged to 

calculate a mean stem density (no. stems 0.25 m-2) per lift net.  Mangrove pneumatophores were 

measured as stems, in addition to the actual mangrove tree stems.  Stem diameters (mm) and 

heights (cm) were measured for 20% of the total number of stems per quadrate.  Stem diameters 

were measured to the nearest 0.1 mm using vernier calipers.  Areal stem cover (ASC) was 
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calculated for each quadrate (2 per net) by multiplying the mean stem area by the number of 

stems (modified from Meyer et al. 2001).  Mean ASC for each lift net was calculated by 

averaging ASC values from the front and back quadrates.   

Surface Elevation and Hydroperiod 

 Surface elevation (cm) of the substrate at the marsh edge was estimated by measuring the 

vertical distance from the beam of a laser level set at the vegetation-water interface to the level 

water surface at low tide.  Lift net surface elevations (cm) were similarly measured as the 

vertical difference from the beam of the laser level set at the vegetation-water interface to the 

middle of the lift net marsh floor.  For both measurements, the laser level was placed atop a one 

meter, 7.5 cm diameter PVC pipe at the vegetation-water interface; this difference was 

subtracted from both marsh edge and lift net surface elevation calculations.  Time was recorded 

concurrent with each elevation measurement to determine tide level from a nearby U.S. 

Geological Survey (USGS) water level sensor in Barataria Bay (USGS 73802515).  Depth of 

inundation was calculated by subtracting lift net surface elevation from tidal level.   

An Infinities Pressure Water Level Datalogger, which continuously recorded water level 

measurements every 15 minutes, was centrally located within each of the three habitat types.  

Water level sensors were not installed until September 2003; therefore, August water level 

values were estimated using lift net elevation data and water level data from the USGS sensor.  

Because the mangrove sensor malfunctioned for much of the spring season, mangrove water 

levels were estimated from the Spartina sensor after correcting for among-site elevation 

differences.   

Maximum flooding depth (cm) was gauged at each lift net using a metal rod, disc-shaped 

float, and magnet.  The magnet was pushed up the rod by the float with the rising tide.  When the 
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tide receded, the magnet stayed in place and the float dropped with water level.  Maximum 

flooding depth was then recorded as the distance from the bottom of the magnet to the marsh 

sediment.  These water level gauges were located adjacent to a front corner of each lift net, one 

meter in from the vegetation-water interface.   

Flooding frequency (%) is defined as the percentage of total tidal cycles that flooded the 

marsh/mangal surface each month.  Flooding duration (%) is defined as the percentage of the 

total hours per month that the marsh/mangal surface was flooded.  Flooding frequency and 

duration were estimated for each habitat type using on-site water level sensor data.    

Physicochemical Variables and Substrate Characteristics 

Salinity (ppt), water temperature (oCelsius), and dissolved oxygen (mg L-1) were recorded 

at high tide at each lift net using a YSI Model 85 Water Quality Monitor.  Water samples were 

taken at high tide on the marsh (two per site) and then filtered through pre-weighed 47 mm glass 

microfibre filters, dried in an oven for 24 hours at 60oC, and re-weighed to measure suspended 

solids/turbidity (mg L-1).  A total of three sediment cores (7.5 cm diameter x 7.5 cm long) were 

randomly taken within each lift net and combined to account for heterogeneity.  A sediment core 

from one lift net per habitat type was randomly selected and sieved for grain size analysis.  

Sediment cores were dried in a 60oC oven for three days, soaked in detergent to soften sediment, 

wet sieved through no. 10 (2.00 mm), no. 35 (500 µm), no. 100 (150 µm), and no. 230 (63 µm) 

sieves, dried for three days in a 60oC oven, and weighed (g).  The percentage of sediment 

retained on each sieve was calculated for each habitat type.    

Meiofauna Sampling 

The meiofauna component of this study was done in collaboration with Dr. Kevin 

Carman and Mr. Carey Gelpi (Department of Biological Sciences, Louisiana State University, 
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Baton Rouge) who were responsible for developing the sampling methodology and sorting and 

identifying the samples.  Three meiofauna cores (3.5 cm diameter x 12.5 cm long) were taken 

within each lift net at low tide, concurrent with fish and crustacean sampling.  The top two cm of 

each meiofauna core was extruded and preserved in formaldehyde (10% of stock solution) for 

sorting.  A subsample of meiofauna cores from the mangrove (N=16 cores) and Spartina (N=16 

cores) sites for the months of August and October (2003) and March and June (2004) were 

randomly selected for sorting.  In the lab, Mr. Gelpi processed the meiofauna cores through 63 

and 32 µm sieves to allow for better separation of sediment, stained the samples with a rose 

bengal and formaldehyde mixture, and then sorted, identified, counted, and recorded major taxa.   

Fish and Decapod Crustacean Sampling 

Fishes and crustaceans entrapped within lift nets at slack high tide were retrieved at low 

tide from each pit trap, sealed in plastic bags, and immediately put on ice.  In the lab, each 

animal was identified to either the species level or the lowest practical taxonomic level.  Fish and 

crustacean species diversity was calculated for each lift net sample using the Shannon-Weiner 

Diversity Index, H’=∑ (pi)(log2pi) (Krebs 1989).  Richness was expressed as the number of 

species/taxa per lift net sample.  Fish and crustacean density estimates were reported as the 

number of individuals m-2.  Biomass (g) was recorded for each species/taxa per lift net sample.  

Standard length (SL), carapace width (CW) or rostrum length (RL) was recorded for each fish, 

crab, or shrimp, respectively.  Grass shrimp (Palaemonetes spp.) lengths were not recorded.  

Mean lengths were calculated for each species/taxa per lift net sample.   

Lift Net Efficiency Experiment 

A lift net efficiency experiment was conducted in December 2004 to (1) estimate sample 

recovery for gulf killifish (Fundulus grandis) and grass shrimp and (2) to see if vegetation type 
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affected lift net recovery rates.  Prior to the experiment, gulf killifish and grass shrimp were 

measured (SL and RL, respectively) and tagged (fin and uropod clipped, respectively).  In 

addition, lift nets were repaired, cleared, and lifted at low tide.  At high tide, ten grass shrimp and 

ten gulf killifish were released into each lift net.  Grass shrimp were introduced first and given a 

couple minutes to hide before the gulf killifish were released.  At low tide, the animals were 

collected from the pit traps and the percent of grass shrimp and gulf killifish recovered was 

calculated. 

 Statistical Analyses 

 The statistical design for this study was a split-plot design with sampling.  Four, 4 m2 lift 

nets were nested within each habitat type (Spartina, mangrove, transition).  The whole plot was 

habitat type (H), with a whole plot error of net nested in habitat type (N(H)).  The split plot was 

season (S) and habitat type by season interaction (H*S), with season by net nested in habitat type 

interaction (S*N(H)) as the error term.  Habitat type and season were fixed effects and nets were 

random effects.  This research tested the null hypotheses that fish and crustacean use and habitat 

characteristics did not significantly differ among the three habitat types, between seasons/among 

months, and by habitat type and month/season interaction.   

 Analysis of variance (ANOVA) with a posteriori Tukey tests was used to analyze stem 

density, ASC, surface elevation, maximum flooding depth, flooding frequency, flooding 

duration, water temperature, salinity, dissolved oxygen, turbidity, lift net sample recovery, fish 

and crustacean species diversity and richness, and dominant taxa density, biomass, and length 

data.  Multivariate analysis of variance (MANOVA) was used to analyze meiofauna taxa 

abundance data and fish density, crustacean density, fish biomass, and crustacean biomass data.  
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Individual ANOVAs with a posteriori Tukey tests were used to investigate significant 

MANOVA results. 

Correspondence analysis (CA) was used to generate spatial representations of species-site 

associations.  Canonical correspondence analysis (CCA) was used to compare fish and 

crustacean densities with habitat characteristics (ter Braak 1986).  Regression analyses were used 

to test for relationships between fish and crustacean densities and stem density, maximum 

flooding depth, and flooding duration.   

Stem density, ASC, water temperature, turbidity, meiofauna abundance, species diversity, 

and fish and crustacean density, biomass, and length data were log10 (x+1) transformed prior to 

statistical analyses to satisfy or better meet assumptions of normality and homogeneous variance.  

The SAS Version 8.0 statistical software package was used for all analyses, except the CCA, 

which was analyzed using CANOCO Version 4.53.  P-values ≤0.05 were considered significant 

for all statistical tests.   
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RESULTS 

Habitat Characteristics 

Vegetation 

Vegetative cover within black mangrove lift nets was characterized by Avicennia 

germinans canopy (~70%), A. germinans pneumatophores and mud (~25%), and Salicornia spp. 

(Table 2).  Spartina alterniflora stems accounted for about 90% of the cover within Spartina nets 

and non-vegetated mud made up the remaining area.   S. alterniflora stems were also the 

majority of the vegetative cover (~70%) within transition nets, followed by A. germinans canopy 

(~20%), pneumatophores, non-vegetated mud (~7%), and Salicornia spp (1%; Table 2). 

Table 2.  Mean percent cover ± 1 standard deviation at Spartina (Spartina alterniflora), 
mangrove (Avicennia germinans), and transition sites during fall (August to October 2003; N=5) 
and spring (March to June 2004; N=2) seasons.  Percent cover was estimated within each 4 m2 
lift net.   
 
 
             Mean Percent Cover (% ± 1 SD)   
Habitat Type Plant Species           Cover       Fall                                     Spring        
                                                                                                                     (N=5)                                     (N=2)          
 
Spartina S. alterniflora     stems  93.2 ± 5.06  88.1 ± 4.58         

non-vegetated     mud    6.9 ± 5.06  11.9 ± 4.58  
 
Mangrove  A. germinans   canopy  72.2 ± 12.97  69.1 ± 8.89  

 A. germinans     pneumatophores and mud 24.6 ± 15.90  25.0 ± 13.09  
   Salicornia spp.    stems    8.1 ± 7.54  15.7 ± 8.14  
 
Transition  S. alterniflora    stems  71.6 ± 4.57  68.6 ± 2.26  
   A. germinans                  canopy  20.5 ± 4.26  23.8 ± 3.54 
   A. germinans            pneumatophores 12.5 ± 2.89    0 
   non-vegetated     mud    6.8 ± 3.95    7.5 ± 2.67                   
   Salicornia spp.     stems    1     1 

 
Stem densities (no. stems 0.25 m-2) and areal stem cover (i.e., the product of mean stem 

area and stem density) were examined as a proxy for structural complexity.  Stem densities were 

highest at the black mangrove site (fall, 159.2 ± 47.1; spring, 150.3 ± 22.0) and similar at 

Spartina (fall, 82.0 ± 12.7; spring, 74.9 ± 6.9) and transition sites (fall, 82.3 ± 30.4; spring, 65.8 

± 8.4; Table 3).  Stem densities significantly differed among habitat types (p<0.0001; Table 4), 
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with higher densities at the mangrove site than at both Spartina (p<0.0001) and transition sites 

(p<0.0001); however, Spartina and transition sites did not differ (p=0.6140; Figure 3a). 

Areal stem cover also significantly differed among habitat types (p<0.0001; Tables 3 and 

4), with higher ASC at the black mangrove site than at both Spartina (p<0.0001) and transition 

(p=0.0002) sites, but Spartina and transition sites did not differ (p=0.4834; Figure 3b).  Both 

stem densities and ASC did not differ seasonally (p>0.05) or by habitat type and season 

interaction (p>0.05). 

Surface Elevation and Hydroperiod 

Lift net surface elevations significantly differed among habitat types (p=0.0026; Table 4).  

The mangrove site had significantly higher mean surface elevation (23.0 ± 4.03 cm) than 

transition (13.1 ± 5.39 cm; p=0.0510) and Spartina sites (5.2 ± 5.67 cm; p=0.0020; Table 3); 

however, transition and Spartina sites did not differ (p=0.1272).  Water level data from on-site 

sensors reflected these elevation differences (Figure 4).   

Maximum flooding depths significantly differed among sites (p=0.0318) and between 

seasons (p=0.0011; Table 4 and Figure 5).  Flooding depths were higher at the Spartina site (fall, 

31.0 ± 9.67 cm; spring, 23.3 ± 11.62 cm) than at both mangrove (fall, 21.7 ± 7.88; spring, 17.2 ± 

9.47; p=0.0446) and transition sites (fall, 22.3 ± 6.31; spring, 17.0 ± 8.61; p=0.0457; Table 3); 

however, mangrove and transition sites did not differ (p=0.9878). Seasonally, water depths were 

higher during fall (24.7 ± 8.85 cm) than spring (18.4 ± 9.74 cm; p=0.0011).   

During fall, Spartina and transition sites flooded on 100% of possible tidal cycles and the 

mangrove site had a mean flooding frequency of 98.8 ± 2.14% (Table 3).  During spring, mean 

flooding frequency was highest at Spartina (86.0 ± 21.50%) and transition sites (83.0 ± 18.70%) 

and lowest at the mangrove site (51.0 ± 22.70%; Table 3).  This study was unable to find 
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Table 3.  Physicochemical, vegetation, surface elevation, and hydroperiod characteristics at the Spartina, mangrove, and transition 
sites.  Fall (August to October 2003) and spring (March to June 2004) means ± 1 standard deviation (calculated from N samples) are 
presented.  Areal stem cover is the product of mean stem area and stem density (no. stems 0.25 m-2).  ASC is presented as the 
percentage of stems 4 m-2.  Lift net surface elevations (cm) are the average of four lift net elevations taken per habitat type in 
December 2004.  Maximum flooding depth (cm) is the value recorded with float and magnet at each lift net per sampling date.  
Flooding duration (%) is (the total hours marsh inundated / total hours in month) x 100.  Flooding frequency is the average monthly 
percentage of high tide events that flooded the marsh/mangal surface.   
 
    
      Spartina          Mangrove                          Transition                          
                    Fall (2003)  Spring (2004)  Fall (2003)  Spring (2004)  Fall (2003) Spring (2004) 
 
Physicochemical Variables 

Water temperature (oC)  26.2 ± 4.25 28.4 ± 2.23  26.6 ± 3.99 27.8 ± 2.16  26.6 ± 3.91 28.3 ± 2.23  
        (N=24)                       (N=24)                                          (N=24)      (N=22)                                         (N=23)      (N=23) 
Salinity (ppt)   21.1 ± 2.35 18.5 ± 1.36  21.9 ± 3.84 18.7 ± 3.26  21.8 ± 3.48 18.2 ± 1.76 
        (N=24)      (N=24)       (N=24)      (N=22)       (N=23)      (N=23) 
Dissolved oxygen (mg L-1)     3.7 ± 0.71                    4.5 ± 1.22    4.3 ± 1.03   6.1 ± 1.11    4.5 ± 0.68   5.4 ± 1.24 
        (N=24)      (N=24)       (N=24)      (N=22)       (N=23)      (N=23) 
Turbidity (mg L-1)   58.1 ± 48.50 89.6 ± 127.2  55.2 ± 34.60 64.8 ± 49.40  56.1 ± 34.20 62.3 ± 21.10 
        (N=12)      (N=12)       (N=12)      (N=12)       (N=12)      (N=12) 
Vegetation 

Stem Density (no. stems 0.25 m-2)  82.0 ± 12.7                74.9 ± 6.9                  159.2 ± 47.1                150.3 ± 22.0  82.3 ± 30.4 65.8 ± 8.4 
        (N=12)      (N=8)       (N=12)      (N=6)       (N=12)      (N=8) 
Areal Stem Cover (% stems 4m-2)                    1.4 ± 0.2    1.4 ± 0.3     3.7 ± 1.2                      3.7 ± 1.7                      1.7 ± 0.4    1.4 ± 0.3 
        (N=12)      (N=8)       (N=12)      (N=6)       (N=12)      (N=8) 
Surface Elevation and Hydroperiod 

Mean Lift Net Surface Elevation (cm)                                5.2 ± 5.67                                       23.0 ± 4.03                                      13.1 ± 5.39  
          (N=4)          (N=4)         (N=4) 
Maximum Flooding Depth (cm)  31.0 ± 9.67 23.3 ± 11.62   21.7 ± 7.88 17.2 ± 9.47                   22.3 ± 6.31 17.0 ± 8.61  
        (N=17)      (N=11)        (N=18)      (N=17)      (N=21)      (N=24) 
Flooding Frequency (%)                   100  86.0 ± 21.50   98.8 ± 2.14 51.0 ± 22.70                   100  83.0 ± 18.70 
        (N=3)      (N=3)        (N=3)      (N=3)      (N=3)      (N=3) 
Flooding Duration (%)                    95.9 ± 6.62                  75.0 ± 28.82   89.5 ± 9.34 13.2 ± 10.31                  91.4 ± 10.79 40.4 ± 12.42 
       (N=3)      (N=3)        (N=3)      (N=3)      (N=3)      (N=3) 
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Table 4.  Results of ANOVA tests for physicochemical, vegetation, surface elevation, and 
hydroperiod differences among Spartina, mangrove, and transition habitat types (H), between 
fall (August to October 2003) and spring (March to June 2004) seasons (S), and by habitat type 
and season interaction (H*S).  Significant results are indicated with *(0.05≥p>0.01) and highly 
significant results with **(p≤0.01). 
 
 
Habitat Characteristic  Source  df  F  Sig. of F   
 
Water temperature (oC)  H  2, 134  0.06  0.9427   
    S  1, 134               11.14  0.0011** 

H*S  2, 134                 0.26  0.7707 
Salinity (ppt)   H  2, 134  0.38  0.6879   
    S  1, 134               42.88               <0.0001** 

H*S  2, 134                 0.45  0.6400 
Dissolved oxygen (mg L-1)  H  2, 134               15.07               <0.0001** 
    S  1, 134               47.20               <0.0001** 

H*S  2, 134                 3.12  0.0476* 
Turbidity (mg L-1)   H  2, 6  0.30  0.7529 
    S  1, 6  0.89  0.3823 

H*S  2, 6  0.06  0.9446 
Stem Density (no. stems 0.25 m-2)  H   2, 10               40.90               <0.0001** 
    S  1, 43                 3.23  0.0793 

H*S  2, 43                 0.54  0.5868 
Areal Stem Cover (% stems 4m-2) H  2, 8               39.34               <0.0001** 
    S  1, 42                0.93                 0.3397 

H*S  2, 42                 0.83  0.4450 
Lift Net Surface Elevation (cm) H  2, 9               12.39  0.0026** 
Maximum Flooding Depth (cm) H  2, 9                 5.14  0.0318* 
    S  1, 103               11.34  0.0011** 

H*S  2, 101                 0.22  0.8014 
Flooding Duration (%)  H  2, 12                 7.88  0.0065** 
    S  1, 12               49.22               <0.0001** 
    H*S  2, 12                 5.16  0.0241* 
Flooding Frequency (%)  H  2, 12  2.71  0.1068 
    S  1, 12               14.15  0.0027** 
    H*S  2, 12  2.34  0.1386 

 
significant site-related differences in flooding frequency (p=0.1068); however, flooding 

frequency was significantly higher during fall (99.6 ± 1.23%) than spring (73.2 ± 24.72%; 

p=0.0027; Table 4).  

 Flooding durations (% of month that marsh/mangal surfaces flooded) significantly 

differed among habitat types (p=0.0065), between seasons (p<0.0001), and by habitat type and 

season interaction (p=0.0241; Table 4 and Figure 6).  Flooding durations were significantly 

higher at the Spartina site (fall, 95.9 ± 6.62%; spring, 75.0 ± 28.82%) than at the mangrove site 

(fall, 89.5 ± 9.34%; spring, 13.2 ± 10.31%; p=0.005); however, flooding durations at the  
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Figure 3.  (a) Mean stem densities (no. stems 0.25 m-2) and (b) mean areal stem cover (% stems 4 
m-2) at Spartina, mangrove, and transition sites during August-October (2003), and March and 
June (2004).  Error bars are equal to one standard deviation (N=4).   
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 transition site (fall, 91.4 ± 10.79%; spring 40.4 ± 12.42%) did not differ from mangrove 

(p=0.2501) or Spartina sites (p=0.0994; Table 3).  Flooding durations were significantly greater 

during fall (92.3 ± 8.37%) than spring (42.9 ± 31.49%; p<0.0001). 

 

Figure 4.  Water level sensor data from Spartina, mangrove, and transition sites (a) 9/19/03 and 
(b) 10/16/03. 
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Figure 5.  Maximum flooding depths (cm) at Spartina, mangrove, and transition sites, 8 August 
2003 to 29 June 2004.  Error bars are equal to one standard deviation (N=4).   

 
 
Figure 6.  Flooding durations (%) at Spartina, mangrove, and transition sites during fall (August 
to October 2003) and spring (March to June 2004).  Flooding duration=[(hours marsh 
inundated)/(total hours in month) x 100].  Error bars are equal to one standard deviation (N≈30). 
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Physicochemical Variables and Substrate Characteristics 

 Water temperatures ranged from 19.7 (October) to 30oC (August) in fall and from 24.3 

(March) to 31.2oC (May) in spring.  Water temperatures at Spartina, mangrove, and transition 

sites were not significantly different (p=0.9427; Tables 3 and 4); however, temperatures were 

significantly higher during spring (28.2 ± 2.19oC) than fall (26.5 ± 4.00oC; p=0.0011; Table 4).   

Salinities ranged from 17.1 (September) to 27.6 ppt (October) in fall and from 11.6 

(June) to 22.9 ppt (June) in spring.  Salinities were not significantly different among the three 

habitat types (p=0.6879; Tables 3 and 4).  However, salinities were significantly higher in fall 

(21.6 ± 3.26 ppt) than spring (18.5 ± 2.22 ppt; p<0.0001; Table 4). 

Dissolved oxygen values ranged from 2.5 (September) to 6.8 mg L-1 (October) in fall and 

from 2.6 (June) to 8.2 mg L-1 (March) in spring.  Dissolved oxygen significantly differed among 

habitat types (p<0.0001), between seasons (p<0.0001), and by habitat type and season interaction 

(p=0.0476; Table 4 and Figure 7).  Dissolved oxygen values were significantly lower at the 

Spartina site (fall, 3.7 ± 0.71 mg L-1; spring, 4.5 ± 1.22 mg L-1) than at mangrove (fall, 4.3 ± 

1.03; spring 6.1 ± 1.11; p≤0.0001) and transition sites (fall, 4.5 ± 0.68; spring, 5.4 ± 1.24; 

p<0.0005); however, mangrove and transition sites did not differ (p=0.3320; Table 3).  

Seasonally, dissolved oxygen was higher in spring (5.3 ± 1.35) than fall (4.2 ± 0.88). 

Turbidity values ranged from 4.69 (August) to 139.86 mg L-1 (October) in fall and from 

6.37 (May) to 468.42 (March) in spring.  Turbidities were not significantly different among 

habitat types (p=0.7529), between seasons (p=0.3823), or by habitat type and season interaction 

(p=0.9446; Tables 3 and 4).   

In general, sediment grain sizes were similar among Spartina, mangrove, and transition 

sites.  Silt and clay accounted for approximately 80-91% of the sediment collected at the three 
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habitat types (Table 5).  However, there was a higher percentage of coarse plant material (>2 

mm; 4.99%) at the Spartina site than at mangrove (1.01%) and transition sites (1.52%).  Also, 

the mangrove site had a higher percentage of very fine sand (63µm; 16.91%) than both Spartina 

(1.39%) and transition sites (5.46%; Table 5). 

 

 
Figure 7.  Mean dissolved oxygen (mg L-1) at Spartina, mangrove, and transition sites, 8 August 
2003 to 29 June 2004.  Error bars are equal to one standard deviation (N=4).   
 
Table 5.  Percent of sediment from Spartina, mangrove, and transition cores (7.5 cm diameter x 
7.5 cm long) retained on 2 mm, 500 µm, 150 µm, 63 µm, and <63 µm sieves. 
 
                             

                             % Sediment retained per sieve  
Sieve Mesh Size        Grade              Spartina                             Mangrove                        Transition 
   
     2 mm          gravel and/or plant material 4.99   1.01        1.52  
 500 µm                      coarse sand        1.28   0.19        0.90 
 150 µm                       fine sand  0.92   1.10       1.44  
   63 µm                     very fine sand      1.39                16.91       5.46 
 <63 µm                    silt and/or clay                91.40                80.79     90.68 
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Meiofauna 

 A total of 26,811 and 22,449 meiofauna were collected from 16 Spartina and 16 black 

mangrove sediment cores, respectively, during August and October (2003) and March and June 

(2004; Table 6).  Nematodes were the most abundant taxa collected and accounted for about 70% 

of total meiofauna abundance at both sites (Table 6).  Crustacean nauplii, copepods, polychaetes, 

oligochaetes, kinorhynchs, and ostracods were also present in similar proportions at both habitat 

types (Table 6).  Chironomids were only collected at the Spartina site and were too rare to 

include in statistical analyses.   

Meiofauna taxa abundances differed significantly between Spartina and black mangrove 

habitat types (Wilks’ lambda=0.430, F7, 18=3.41; p=0.0169), among months (August 2003, 

October 2003, March 2004, June 2004; Wilks’ lambda=0.105, F21, 52=2.96; p=0.0008), and by 

habitat type and month interaction (Wilks’ lambda=0.182, F21, 52=2.01; p=0.0209).  Significant 

site differences, however, were the result of a single group, kinorhyncha, which was significantly 

more abundant at the mangrove site than at the Spartina site (p=0.0154; Table 7).  

 Nematode (p=0.0071), nauplii (p=0.0094), kinorhynch (p=0.0001), and ostracod 

(p=0.0262) abundances significantly differed among months (Table 7 and Figure 8).  Nematode, 

nauplii, and kinorhynch abundances were highest in March/June 2004 and lowest in August 

2003.  Ostracod abundances were highest in June and lowest in March and August.  Copepod 

abundances exhibited a significant habitat type and month interaction (p=0.0021; Table 7).  In 

August, copepod abundances were high at the Spartina site and low at the mangrove site (Figure 

8).  The opposite trend occurred in March, when copepod abundances were lowest at the 

Spartina site and highest at the mangrove site. 
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Table 6.  Mean individuals core-1 ± 1 standard deviation (SD), abundance, and percent abundance of meiofauna collected from the top 
two cm of 3.7 cm diameter x 12.5 cm long sediment cores (N=number of cores) collected within Spartina and mangrove lift nets 
during August and October (2003) and March and June (2004). 
 
 
                                        Spartina                                             Mangrove                                 
                                      (N=16)                               (N=16) 
                     
                                                                                                      Mean                                                                                Mean 
                                                                                    Individuals core-1                                                       Individuals core-1 
Phylum           Subphylum      Group             Class                           (± 1 SD)              Abundance    % of Total                    (± 1 SD)               Abundance    % of Total 
 
Nematoda                                                     1208.7 ± 842.4              19339                72.13       982.9 ± 827.2              15727               70.06 
Arthropoda        Crustacea          Nauplii                                                   173.3 ± 180.7                2772             10.34       122.3 ± 157.5                1956                8.71 
Arthropoda        Crustacea          Copepoda                                  157.6 ± 95.35        2521               9.40       148.0 ± 135.1                2368              10.55 
Annelida                        Polychaeta                                    93.9 ± 156.6         1503               5.61         86.7 ± 132.4                1387                 6.18 
Annelida                       Oligochaeta                  29.5 ± 27.48          472               1.76         42.0 ± 29.85                  672                 2.99 
Kinorhyncha                                         9.3 ± 22.85                   148               0.55         11.9 ± 17.00                  190                0.85 
Arthropoda        Crustacea          Ostracoda                                                   3.3 ± 3.96             52               0.19           9.3 ± 17.21                  149                 0.66 
Arthropoda         Insecta                                       Chironomidae             0.3 ± 0.58                 4               0.01           0.0 ± 0.00               0                0.00 
 
                                                                   Total   26811                                                  Total   22449 
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Table 7.  Results of ANOVA tests for differences in meiofauna taxa abundances between 
Spartina and mangrove habitat types (H), among August and October (2003) and March and 
June (2004) months (M), and by habitat type and month interaction (H*M).  Significant results 
are indicated with *(0.05≥p>0.01) and highly significant results with **(p≤0.01). 
 
 
Taxa   Source   df  F  Sig. of F 
 
Nematodes  H   1, 24  0.95  0.3384 
   M   3, 24  5.10  0.0071** 
   H*M   3, 24  0.91  0.4486 
Nauplii   H   1, 24  1.01  0.3249 
   M   3, 24  4.79  0.0094** 
   H*M   3, 24  1.15  0.3486 
Copepods  H   1, 24  0.09  0.7716 
   M   3, 24  1.52  0.2343 
   H*M   3, 24  6.58  0.0021** 
Polychaetes  H   1, 24  0.00  0.9606 
   M   3, 24  1.10  0.3699 
   H*M   3, 24  0.31  0.8199 
Oligochaetes  H   1, 24  1.52  0.2302 
   M   3, 24  1.12  0.3589 
   H*M   3, 24  0.85  0.4779 
Kinorhynchs  H   1, 24  6.81  0.0154* 
   M   3, 24               10.65  0.0001** 
   H*M   3, 24  0.69  0.5653 
Ostracods  H   1, 24  1.69  0.2064 
   M   3, 24  3.67  0.0262* 
   H*M   3, 24  1.20  0.3305 

 
Fish and Crustacean Habitat Use 

Species Composition, Diversity and Richness 

A total of 1738 fishes (18 species) and decapod crustaceans (6 taxa) were collected from 

140 lift net samples at Spartina, black mangrove, and transition sites during August-October 

2003 and March-June 2004 (Table 8).  More species were collected at the transition site (21) 

than at Spartina (17) and mangrove sites (16; Table 8).  Grass shrimp, darter gobies (Gobionellus 

boleosoma), blue crabs, white shrimp (L. setiferus), brown shrimp (F. aztecus), fiddler crabs 

(Uca spp.), gulf killifish, gulf stone crabs (Menippe adina), sheepshead minnows (Cyprinodon 

variegatus), tidewater silversides (Menidia beryllina), and striped mullet (Mugil cephalus) were 

collected at all three habitat types (Table 8).  
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Figure 8.  Mean abundances (no. individuals in top 2 cm of 3.5 cm diameter x 12.5 cm long meiofauna cores) of (a) nematodes, (b) 
crustacean nauplii, (c) kinorhynchs, (d) ostracods, and (e) copepods collected at Spartina (N=16) and mangrove (N=16) sites in 
August and October (2003) and March and June (2004).  Error bars are equal to one standard deviation. 
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Table 8.  Abundance, percent abundance, biomass (g), and percent biomass of fishes and 
crustaceans collected at Spartina, mangrove, and transition sites from August to October 2003 
and March to June 2004.  N=total lift net samples.   
 
 
Taxa   Common Name       Abundance       % Abundance          Biomass (g)              % Biomass 
 
Spartina (N=48)           
  Palaemonetes spp.  grass shrimp  110  25.29    22.5  1.02  
  Fundulus grandis  gulf killifish    90  20.69  837.1                 37.99 
  Gobionellus boleosoma darter goby    45  10.34    14.5  0.66 
  Callinectes sapidus  blue crab     44  10.11  616.8                 27.99 
  Litopenaeus setiferus white shrimp    34    7.81    14.1  0.64 
  Cyprinodon variegatus sheepshead minnow    28    6.44    47.3  2.15 
  Menippe adina  gulf stone crab    28    6.44  402.7                 18.27 
  Uca spp.   fiddler crab    22    5.06    14.2  0.64 
  Farfantepenaeus aztecus brown shrimp    10    2.30    12.6  0.57 
  Bairdiella chrysoura  silver perch      7    1.61    21.6  0.98 
  Menidia beryllina  tidewater silverside      4    0.92      4.2  0.19 
  Adinia xenica  diamond killifish      3    0.69      2.6  0.12 
  Mugil cephalus  striped mullet      3    0.69  101.8  4.62 
  Fundulus similis  longnose killifish      3    0.69    21.2  0.96 
  Cynoscion nebulosus  spotted seatrout      2    0.46    11.3  0.51 
  Lagodon rhomboides pinfish       1    0.23    50.3  2.28 
  Myrophis punctatus  speckled worm eel      1    0.23      8.9  0.40 
                                                                                                Total   435                                                   Total    2203.7   
Mangrove (N=46) 
  Palaemonetes spp.  grass shrimp  394  53.46    53.8  3.86 
  Litopenaeus setiferus white shrimp  105  14.25    95.0  6.82 
  Callinectes sapidus  blue crab     72    9.77  483.4                 34.69 
  Gobionellus boleosoma darter goby    44    5.97      8.0  0.57 
  Menippe adina  gulf stone crab    34    4.61  288.1                 20.68 
  Uca spp.   fiddler crab    20    2.71      5.6  0.40 
  Farfantepenaeus aztecus brown shrimp    20    2.71    32.2  2.31 
  Menidia beryllina  tidewater silverside    19    2.58    22.8  1.64 
  Fundulus grandis  gulf killifish    13    1.76    53.5  3.84 
  Mugil cephalus  striped mullet      9    1.22  278.2                 19.97 
  Citharichthys spilopterus bay whiff       2    0.27    16.8  1.21 
  Cyprinodon variegatus sheepshead minnow      1    0.14      1.1  0.08 
  Lobotes surinamensis tripletail       1    0.14      0.2  0.01 
  Lagodon rhomboides pinfish       1    0.14    32.1  2.30 
  Lutjanus griseus  gray snapper      1    0.14    21.2  1.52 
  Evorthodus lyricus  lyre goby       1    0.14      1.3  0.09 
                                                                                                Total   737                                                    Total   1393.3                                        
Transition (N=46)  
  Palaemonetes spp.  grass shrimp  226  39.93    35.0  3.38   
  Gobionellus boleosoma darter goby    90  15.90    11.3  1.09 
  Callinectes sapidus  blue crab     52    9.19  517.9                 49.97 
  Litopenaeus setiferus white shrimp    49    8.66    27.9  2.69 
  Fundulus grandis  gulf killifish    42    7.42  140.6                 13.56 
  Uca spp.   fiddler crab    40    7.07      7.2  0.69 
  Farfantepenaeus aztecus brown shrimp    16    2.83    20.8  2.01 
  Menidia beryllina  tidewater silverside    15    2.65    22.4  2.16 
  Menippe adina  gulf stone crab      9    1.59  114.8                 11.08 
  Mugil cephalus  striped mullet      8    1.41    53.0  5.11 
  Evorthodus lyricus  lyre goby       4    0.71      1.9  0.18 
  Cyprinodon variegatus sheepshead minnow      3    0.53      3.7  0.36 
  Gobiosoma bosc  naked goby      3    0.53      0.5  0.05 
  Cynoscion nebulosus  spotted seatrout      2    0.35      8.3  0.80 
  Adinia xenica  diamond killifish      1    0.18      0.5  0.05 
  Bairdiella chrysoura  silver perch      1    0.18      0.3  0.03 
  Citharichthys spilopterus bay whiff       1    0.18      1.7  0.16 
  Symphurus plagiusa  blackcheek tonguefish      1    0.18      0.1  0.01 
  Fundulus similis  longnose killifish      1    0.18      1.3  0.13 
  Lutjanus griseus  gray snapper      1    0.18      0.3  0.03 
  Opsanus beta  gulf toadfish      1    0.18    67.0  6.46 

                         Total   566                                        Total    1036.5                                                                        
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The following species were collected infrequently at only one of the three habitat types: 

speckled worm eels, Myrophis punctatus (Spartina); tripletails, Lobotes surinamensis 

(mangrove); naked gobies, Gobiosoma bosc, and gulf toadfish, Opsanus beta (transition; Table 

8).  Silver perch (Bairdiella chrysoura), diamond killifish (Adinia xenica), longnose killifish (F. 

similis), and spotted seatrout (Cynoscion nebulosus) were collected only at Spartina and 

transition sites.  Bay whiff (Citharichthys spilopterus), gray snapper (Lutjanus griseus), and lyre 

gobies (Evorthodus lyricus) were collected at mangrove and transition sites.  Pinfish (Lagodon 

rhomboides) were collected only at Spartina and mangrove sites.   

Despite these individual species differences, species diversity was not significantly 

different among the three habitats types (p=0.8801), between seasons (p=0.2243), or by habitat 

type and season interaction (p=0.6143).  Richness was significantly higher in fall (23 taxa) than 

spring (15 taxa, p=0.0005), but did not differ among habitat types (p=0.5368) or by habitat type 

and season interaction (p=0.6691).    

The Correspondence analysis (CA) revealed site and species-site associations.  The CA 

showed distinct separation of Spartina and black mangrove sites along Axis I (Figure 9a).  

Although transition sites were intermediate between mangrove and Spartina sites, they were 

more closely associated with mangrove sites (Figure 9a).  The CA also showed species-site 

associations between sheepshead minnows, silver perch, gulf stone crabs, fiddler crabs, and 

diamond killifish and the Spartina and transition sites (Figure 9b).  However, darter gobies, lyre 

gobies, blue crabs, tidewater silversides, brown shrimp, and striped mullet were more closely 

associated with mangrove and transition sites.  Other taxa, such as gulf killifish and grass shrimp, 

showed common associations with all three habitat types.   
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Figure 9.  Correspondence analysis showing (a) associations among Spartina (S), mangrove (M), and transition (T) sites and (b) 
associations between fish and crustacean species presence-absence data and sites.   
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Figure 9 continued. 

b.)  Species and Habitat CA
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Abundance   

Fish and crustacean total abundances were highest at the mangrove site (737), 

intermediate at transition (566), and lowest at the Spartina site (435; Table 8).  Decapod 

crustaceans, specifically grass shrimp, dominated the catch at all three habitat types (Table 8 and 

Figure 10).  At the mangrove site, in particular, crustaceans accounted for 88% of total catch 

(Figure 10).  In addition, grass shrimp, white shrimp, brown shrimp, blue crabs, and gulf stone 

crabs were collected in higher abundances at the mangrove site than at Spartina and transition 

sites (Table 8).   

Fishes, however, were generally more abundant at Spartina and transition sites than at the 

mangrove site, where fishes were only 12% of total catch (Figure 10).  Gulf killifish and 

sheepshead minnows were most abundant at the Spartina site.  Tidewater silversides, however, 

were generally more abundant at mangrove and transition sites (Table 8).  Overall, darter gobies 

were one of the most abundant fishes collected at all three habitat types (Table 8). 

Figure 10.  Contribution of fishes versus crustaceans to total catch at Spartina, mangrove, and 
transition sites. 
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Density   
 

My study was unable to find significant site-related differences in fish and crustacean 

densities (fish, p=0.0753; crustaceans, p=0.1457); however, fish densities were generally higher 

at Spartina (fall, 1.05 ± 0.84 m-2; spring, 0.90 ± 1.64 m-2) and transition sites (fall, 1.59 ± 1.44 m-

2; spring, 0.32 ± 0.45 m-2) and consistently lower at the mangrove site (fall, 0.79 ± 0.82 m-2; 

spring, 0.18 ± 0.36 m-2; Figure 11a).  Of the fish species compared, only gulf killifish densities 

significantly differed among sites, with higher densities at the Spartina site than at the mangrove 

site (p=0.0543; Table 9 and Figure 12a).   

Crustacean densities were typically highest at the mangrove site (fall, 5.09 ± 6.83 m-2; 

spring, 1.77 ± 1.70 m-2), intermediate at transition (fall, 3.15 ± 2.87 m-2; spring 1.11 ± 0.87 m-2), 

and lowest at the Spartina site (fall, 1.63 ± 1.51 m-2; spring 0.96 ± 0.99 m-2; Figure 11b).  Of the 

decapod crustaceans compared, only gulf stone crabs exhibited significant site-related 

differences.  Gulf stone crab densities were significantly higher at the mangrove site than at the 

transition site (p=0.0061), with no difference between Spartina and mangrove (p=0.5868) or 

Spartina and transition sites (p=0.0797; Table 9 and Figure 12h).  White shrimp were only 

collected in the fall and, although densities were consistently higher at the mangrove site, site-

related density differences were not significant (p=0.1478; Table 9 and Figure 12e).   

Fish and crustacean densities were significantly higher during fall than spring (fish, 

p=0.0002; crustaceans, p<0.0001; Figure 11) and the densities of most taxa were more affected 

by season than habitat type.  Tidewater silverside (p=0.0027), grass shrimp (p=0.0007), darter 

goby (p=0.0009), and brown shrimp (p=0.0072) densities were significantly higher during fall 

than spring (Table 9 and Figure 12).  Blue crab and fiddler crab densities, however, did not differ 

among sites or seasonally (p>0.05; Table 9 and Figure 12). 
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Figure 11.  Mean (a) fish densities and (b) crustacean densities at Spartina (fall, N=24; spring, 
N=24), mangrove (fall, N=24; spring, N=22), and transition sites (fall, N=23; spring, N=23) 
during fall (August to October 2003) and spring (March to June 2004).  Error bars are equal to 
one standard deviation.   
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Table 9.  Mean densities (no. individuals m-2) ± 1 standard deviation of numerically abundant species collected at Spartina, mangrove, 
and transition sites during fall (August to October 2003) and spring (March to June 2004).  N=total lift net samples.   
 

 
                                                                        Mean Densities (no. individuals m-2) 

Scientific                                                  Spartina                        Mangrove                   Transition       
and Common Name             Mean Density  Fall  Spring  Fall  Spring  Fall  Spring  
       (N=140)  (N=24)  (N=24)  (N=24)  (N=22)  (N=23)  (N=23)   
 
Palaemonetes spp.  1.30 ± 2.867  0.69 ± 1.056 0.46 ± 0.761 3.16 ± 5.946 1.03± 1.466 1.98 ± 2.139 0.48 ± 0.617        
grass shrimp     
 
Litopenaeus setiferus 0.66 ± 1.305  0.35 ± 0.837 0  1.09 ± 1.856 0  0.53 ± 0.874 0 
white shrimp   
  
Gobionellus boleosoma 0.32 ± 0.718  0.26 ± 0.334 0.21 ± 0.530 0.38 ± 0.692 0.09 ± 0.197 0.85 ± 1.365 0.13 ± 0.211  
darter goby  
 
Callinectes sapidus  0.30 ± 0.366  0.17 ± 0.229 0.29 ± 0.470 0.45 ± 0.410 0.33 ± 0.452 0.28 ± 0.275 0.28 ± 0.264 
blue crab  
 
Fundulus grandis  0.26 ± 0.672  0.45 ± 0.699 0.49 ± 1.303 0.09 ± 0.231 0.05 ± 0.166 0.33 ± 0.388 0.13 ± 0.376 
gulf killifish   
 
Uca spp.   0.15 ± 0.394  0.18 ± 0.250 0.05 ± 0.104 0.06 ± 0.258 0.16 ± 0.643 0.19 ± 0.304 0.25 ± 0.564  
fiddler crab   
 
Menippe adina  0.13 ± 0.239  0.18 ± 0.372 0.12 ± 0.147 0.15 ± 0.275 0.23 ± 0.230 0.05 ± 0.168 0.04 ± 0.097 
gulf stone crab    
 
Farfantepenaeus aztecus 0.08 ± 0.198  0.06 ± 0.133 0.04 ± 0.120 0.19 ± 0.288 0.02 ± 0.074 0.12 ± 0.291 0.05 ± 0.130 
brown shrimp   
 
Menidia beryllina  0.07 ± 0.220  0.03 ± 0.084 0.01 ± 0.051 0.20 ± 0.410 0  0.16 ± 0.278 0 
tidewater silverside   
 
Cyprinodon variegatus 0.06 ± 0.252  0.17 ± 0.359 0.13 ± 0.460 0  0.01 ± 0.053 0.03 ± 0.114 0 
sheepshead minnow   
 
Mugil cephalus  0.04 ± 0.123  0.03 ± 0.112 0  0.07 ± 0.188 0.02 ± 0.107 0.07 ± 0.155 0.03 ± 0.086 
striped mullet    
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Figure 12.  Mean densities (no. individuals m-2) of (a) gulf killifish, (b) darter goby, (c) tidewater 
silverside, (d) grass shrimp, (e) white shrimp, (f) brown shrimp, (g) blue crab, and (h) gulf stone 
crab at Spartina, mangrove, and transition sites from 8 August 2003 to 29 June 2004.  Error bars 
are equal to one standard deviation (N=4).  P-values are significant habitat/seasonal differences. 
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f.)  brown shrimp (season:  p=0.0072)
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Figure 12 continued. 

Biomass 

 Total biomass was highest at the Spartina site (2204 g) and similar at transition (1037 g) 

and mangrove sites (1393 g; Table 8).  At the Spartina site, 51% of total biomass was from 

fishes and 49% from crustaceans (Figure 13).  However, crustaceans accounted for the majority 

of total biomass (70%) at mangrove and transition sites (Figure 13).  Examined together, fish 

densities, crustacean densities, fish biomass, and crustacean biomass significantly differed 

among habitat types (Wilks’ lambda=0.067, F8, 12=4.32; p=0.0117), but not seasonally 

(p=0.1408) or by habitat type and season interaction (p=0.2159).   

Fish biomass was responsible for these significant site-related differences (p=0.0481; 

Figure 14a) and was significantly greater at the Spartina site (fall, 23.5 ± 24.48 g; spring, 23.2 ± 

74.39 g) than at mangrove (fall, 17.44 ± 45.60 g; spring, 0.8 ± 2.52 g; p=0.0396) and transition 

sites (fall, 12.0 ± 15.69 g; spring, 1.63 ± 4.65 g; p=0.0299).  Seasonally, fish biomass was 

significantly higher during fall than spring (p=0.0070).  Crustacean biomass was highest at 

Spartina (fall, 29.2 ± 46.38 g; spring, 15.97 ± 27.01 g) and mangrove sites (fall, 20.36 ± 21.86 g; 
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spring, 21.3 ± 26.06 g) and lowest at the transition site (fall, 17.2 ± 24.62; spring, 14.22 ± 19.19; 

Figure 14b), but did not differ among sites (p=0.6050) or between seasons (p=0.2502).   

 
Figure 13.  Contribution of fishes versus crustaceans to total biomass (g) at Spartina, mangrove, 
and transition sites.   
 

Gulf killifish and striped mullet represented the majority of fish biomass at all three sites 

(Table 8).  Gulf killifish contributed the most total biomass (837 g; 38%) at the Spartina site and 

accounted for the most fish biomass (141 g) and 14% of the total biomass at the transition site 

(Table 8).  In addition, gulf killifish biomass was significantly greater at the Spartina site than at 

mangrove (p=0.0223) and transition sites (p=0.0040; Figure 15a).  At the mangrove site, 

however, striped mullet represented the most fish biomass (278 g) and 20% of the total biomass 

(Table 8 and Figure 15c).   

Blue crabs and gulf stone crabs contributed the majority of crustacean biomass at 

Spartina (1020 g), mangrove (772 g), and transition sites (633 g; Table 8).   Although blue crab 

biomass was significantly higher during spring (p=0.0354), neither blue crab nor gulf stone crab 
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densities differed among habitat types (p>0.05; Figure 15e, f).  White shrimp biomass, however, 

was significantly greater at the mangrove site (95 g) than at Spartina (14 g; p=0.0062) and 

transition sites (28 g; p=0.0143), but did not differ between Spartina and transition sites 

(p=0.8856; Table 8 and Figure 15d).  

 
 
Figure 14.  Mean (a) fish and (b) crustacean biomass (g) at Spartina (fall, N=24; spring, N=24), 
mangrove (fall, N=24; spring, N=22), and transition sites (fall, N=23; spring, N=23) during fall 
(August to October 2003) and spring (March to June 2004).  Error bars are equal to one standard 
deviation.  
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Figure 15.  Mean biomass (g) of (a) gulf killifish, (b) darter goby, (c) striped mullet, (d) white 
shrimp, (e) blue crab, and (f) gulf stone crab at Spartina, mangrove, and transition sites from 8 
August 2003 to 29 June 2004.  Error bars are equal to one standard deviation (N=4).  P-values 
are significant habitat/seasonal differences. 
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b.)  darter goby (habitat type*season:  p=0.0501)
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c.)  striped mullet (season:  p=0.0214)
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d.)  white shrimp (habitat type:  p=0.0027)

 

Date

8/8 8/23 9/4 9/19 10/16 10/28

M
ea

n 
B

io
m

as
s 

(g
)

-5

0

5

10

15

20

e.)  blue crab (season:  p=0.0354; habitat type*season:  p=0.05)
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Length 
   
A few taxa exhibited significant length differences among sites and/or seasons.  Gulf 

killifish were significantly larger at the Spartina site than at the transition site (p=0.0082); 

however, gulf killifish lengths at the mangrove site did not differ from transition (p=0.9136) or 

Spartina sites (p=0.1414; Table 10 and Figure 16a).  White shrimp rostrum lengths also 

significantly differed among habitat types (p=0.0002), with larger white shrimp at the mangrove 

site than at Spartina (p=0.0017) and transition sites (p=0.0002), but no difference between 

Spartina and transition sites (p=0.5074; Table 10 and Figure 16c).  Seasonally, blue crabs were 

significantly larger during spring (p=0.0407; Table 10) and fiddler crabs were significantly larger 

during fall (p=0.0387).   

Fish and Crustacean Density - Habitat Associations 

Canonical correspondence analysis (CCA) revealed a statistically significant relationship 

between the two canonical axes representing fish/crustacean densities and habitat/environmental 

variables (p=0.002).  Habitat (Spartina, mangrove, transition), areal stem cover, turbidity, and 

water temperature explained 52.5% of the variability in fish and crustacean densities on Axis 1 

and dissolved oxygen, on Axis 2, explained an additional 21.2% of the variability (Table 11 and 

Figure 17).  Salinity (Axis 3) and water depth (Axis 4) were the least important factors affecting 

nekton densities (Table 11 and Figure 17).   

The CCA corroborated the ASC gradient observed among Spartina, black mangrove, and 

transition sites and identified certain taxa that may have affinities for specific habitat types 

and/or ASC.  The black mangrove site was positively associated with ASC and the Spartina site 

was negatively associated with ASC (Figure 17).  White shrimp, brown shrimp, and tidewater 

silverside densities were positively associated with the mangrove site and higher ASC; however, 
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gulf killifish were more closely associated with lower ASC characteristic of the Spartina site 

(Figure 17). 

According to the CCA, densities of certain taxa were more influenced by environmental 

and/or hydrological conditions than by vegetation or habitat type.  Blue crab densities were 

positively associated with salinity.  Darter gobies, striped mullet, and grass shrimp densities 

reflected affinities for higher turbidity and greater flooding depths.  Fiddler crab and gulf stone 

crab densities were associated with lower turbidity and warmer water temperatures (Figure 17).   

Scatterplots of fish and crustacean densities and salinity showed highest densities 

between 16-23 ppt (Figure 18).  Fish densities increased with salinity from 12 to about 23 ppt 

and then declined, whereas crustacean densities declined with salinity from 12 to about 23 ppt 

and then increased with salinity thereafter (Figure 18).  Similar plots of nekton densities relative 

to water temperature showed no discernable trends (Figure 19).   

Fish and crustacean densities did not exhibit significant linear relationships with stem 

density, nor were there any discernable site-related trends.  However, fish densities were 

generally higher at Spartina and transition sites, where stem densities and ASC were lower than 

at the mangrove site (Figure 20).  In contrast, higher crustacean densities were generally 

associated with the high pneumatophore densities characteristic of the mangrove site.   

Multiple linear regression analyses revealed significant, positive relationships between 

fish/crustacean densities and flooding duration at mangrove (for fish, r2=0.21, p=0.0031, fish 

density =0.088-0.003 flooding depth+0.009 flood duration; for crustaceans, r2=0.21, p=0.0040, 

crustacean density= 0.358 - 0.003 flooding depth + 0.017 flood duration; Figure 21a,b) and 

transition sites (for fish, r2=0.32, p=0.0018, fish density= -0.118 +0.002 flooding depth+0.019 

flood duration; Figure 21c), but not at the Spartina site.  Although there were no significant 
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relationships between fish and crustacean densities and flooding depth, fish and crustacean 

densities generally increased with water depth to about 20 and 25 cm at Spartina and transition 

sites, respectively.  At the mangrove site, fish densities reached optima at a slightly deeper 30 cm 

and then declined thereafter (Figure 22).   

Lift Net Efficiency Experiment 

Lift net recovery estimates for gulf killifish (p=0.6482) and grass shrimp (p=0.6426) 

were not significantly different among Spartina, black mangrove, and transition habitat types.  

Lift net recovery estimates for gulf killifish were highest at the Spartina site (92.5 ± 9.57%) and 

lowest at the mangrove site (77.5 ± 32.0%; Table 12).  However, recovery estimates for grass 

shrimp were highest at the mangrove site (47.5 ± 44.30%) and lowest at the Spartina site (22.5 ± 

28.70%; Table 12). 
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Table 10.  Mean lengths (mm) ± 1 standard deviation (calculated from N samples) of numerically abundant species collected at 
Spartina, mangrove, and transition sites during fall (August to October 2003) and spring (March to June 2004).  Fish, shrimp, and crab 
lengths were measured as standard lengths (SL), rostrum lengths (RL), and carapace widths (CW), respectively.  White shrimp and 
tidewater silversides were not collected during the spring season.  
 
           

    Mean Lengths (mm) 
Scientific                Spartina              Mangrove             Transition 
and Common Name   Fall  Spring  Fall  Spring  Fall  Spring 
 
Fundulus grandis    66.8 ± 15.49 59.1 ± 19.25 57.7 ± 20.84 32.4 ± 14.97 42.5 ± 16.54 38.3 ± 11.31  
gulf killifish        (N=10)     (N=8)      (N=5)      (N=2)      (N=12)     (N=5)   
 
Gobionellus boleosoma   22.0 ± 4.60 23.4 ± 9.40 24.5 ± 2.34 22.0 ± 7.63 22.1 ± 3.80 17.4 ± 3.39 
darter goby        (N=10)     (N=7)      (N=9)      (N=4)      (N=14)     (N=7)    
 
Menidia beryllina    47.7 ± 6.43 .  45.8 ± 7.01 .  49.2 ± 7.88 .   
tidewater silverside        (N=3)        (N=8)        (N=8)   
   
Litopenaeus setiferus   15.2 ± 3.94 .  22.2 ± 5.42 .  13.9 ± 3.37 .    
white shrimp        (N=9)        (N=15)       (N=10)     
 
Farfantepenaeus aztecus   19.4 ± 3.36 21.2 ± 0.76 20.8 ± 6.19 22.3 ± 6.72 17.8 ± 5.84 21.0 ± 3.29  
brown shrimp        (N=5)      (N=3)      (N=9)      (N=2)      (N=5)      (N=4)  
 
Callinectes sapidus   46.8 ± 40.55 37.4 ± 25.95  20.1 ± 14.34 48.0 ± 27.82 25.8 ± 20.66 35.7 ± 25.56  
blue crab        (N=11)     (N=13)     (N=17)     (N=13)     (N=13)     (N=16)  
  
Menippe adina    36.8 ± 9.20 24.3 ± 11.30 30.5 ± 9.99 17.8 ± 11.77 30.4 ± 9.20 29.5 ± 12.61 
gulf stone crab        (N=9)      (N=10)     (N=6)      (N=12)     (N=3)      (N=4)   
 
Uca spp.     11.2 ± 5.05 10.3 ± 5.11  9.0 ± 3.46   4.3 ± 0.35   8.7 ± 3.29   5.3 ± 2.19 
fiddler crab        (N=10)     (N=4)     (N=2)      (N=2)      (N=9)      (N=7) 
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Figure 16.  Length-frequency graphs for (a) gulf killifish (SL), (b) darter goby (SL), (c) white 
shrimp (RL), and (d) blue crab (CW) collected at Spartina, mangrove, and transition sites, 8 
August 2003 to 29 June 2004.  P-values are significant habitat type differences. 
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Table 11.  Results from the significant Canonical Correspondence Analysis (CCA; p=0.002) 
showing the weighted correlation matrix of habitat/environmental variables with the canonical 
axes.  Axes 1 and 2 explained 52.5% and 21.2% of the variability, respectively, in fish and 
crustacean species densities.  
          ____________________________________________________________________ 

Variable       Axis 1   Axis 2   Axis 3             Axis 4 
Habitat       -0.318    0.121    0.282               0.031 
Water Depth            0.017                  -0.158    0.166               0.072 
Salinity          0.042                   0.001    0.004              -0.289 
Temperature       0.230    0.267    0.094               0.181 
Turbidity                      -0.231                  -0.134    0.065              -0.017 
Dissolved Oxygen       0.160                  -0.254    0.186              -0.014 
Areal Stem Cover        -0.239                   0.189    0.237              -0.017 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17.  Results from CCA showing associations between fish and crustacean species 
densities (BC=blue crab, BS=brown shrimp, DG=darter goby, FC=fiddler crab, GK=gulf 
killifish, GS=grass shrimp, GSC=gulf stone crab, SMU=striped mullet, TS=tidewater silverside, 
WS=white shrimp) and habitat/environmental variables.  Numeric habitat codes were assigned to 
Spartina (1), transition (2), and black mangrove (3) habitat types. 
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Figure 18.  Plots of (a) fish and (b) crustacean densities (no. individuals m-2; log10 (x+1) 
transformed) relative to salinity (ppt) at the Spartina, mangrove, and transition sites.  Each point 
is the mean density of four lift net samples.  Sampling occurred from 8 August 2003 to 29 June 
2004.  
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Figure 19.  Plots of (a) fish and (b) crustacean densities (no. individuals m-2; log10 (x+1) 
transformed) relative to water temperature (oC) at the Spartina, mangrove, and transition sites.  
Each point is the mean density of four lift net samples.  Sampling occurred from 8 August 2003 
to 29 June 2004. 
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Figure 20.  Plots of (a) fish and (b) crustacean densities (no. individuals 4 m-2; log10 (x+1) 
transformed) relative to stem density (no. stems 4 m-2) at the Spartina, mangrove, and transition 
sites.  Each point is the mean density of four lift net samples, which were sampled concurrent 
with vegetation sampling over 5 dates from 8 August 2003 to 29 June 2004. 
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Figure 21.  Plots showing significant linear relationships between fish/crustacean densities (no. 
individuals m-2; log10 (x+1) transformed) and flooding duration (h tidal cycle-1) at (a, b) 
mangrove and (c) transition sites.  Regression line is indicated by a solid line. 
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Figure 22.  Plots of (a) fish and (b) crustacean densities (no. individuals m-2; log10 (x+1) 
transformed) relative to maximum flooding depth (cm) at the Spartina, mangrove, and transition 
sites.  Each point is the mean density of four lift net samples.  Sampling occurred from 8 August 
2003 to 29 June 2004. 
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Table 12.  Results from lift net efficiency experiment.  Size range (mm), mean length (mm; fish, 
SL and shrimp, RL), number of organisms recovered (out of 40), and mean recovery (%) ± 1 
standard deviation are given for gulf killifish (Fundulus grandis) and grass shrimp 
(Palaemonetes spp.).  Mean recovery estimates are the average of four tests per habitat type 
(Spartina, mangrove, and transition). 
 
Scientific             
and Common Name   Habitat Type   Size range, mm (mean)  No. recovered       Mean recovery (%) ± 1 SD 
 
Fundulus grandis    Spartina                  50-75   (61.3)            37   92.5 ± 9.57 
gulf killifish    Mangrove    50-100 (62.5)            31   77.5 ± 32.00 
     Transition    43-88   (61.3)            34   85.0 ± 19.10 
 
Palaemonetes spp.    Spartina                    9-16 (12.8)              9   22.5 ± 28.70 
grass shrimp    Mangrove    10-14 (12.3)            19   47.5 ± 44.30 
     Transition                10-15 (12.1)            12   30.0 ± 38.30 
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DISCUSSION 

Habitat 

The significant vegetation and hydroperiod differences observed among Spartina, black 

mangrove, and transition sites may affect the accessibility and use of these habitat types by fishes 

and crustaceans.  Black mangroves, for example, were the most structurally complex of the three 

habitat types and their dense pneumatophores may provide the greatest refuge benefits for small 

nekton.  Similar stem densities at Spartina and transition sites (Figure 3a) may be because (1) 

Spartina alterniflora was the dominant vegetation type within the transition zone and (2) black 

mangroves growing there lacked the dense pneumatophores characteristic of monotypic black 

mangrove stands (Table 2).   

 Turbidity (Minello et al. 1987, Sasekumar et al. 1992, Benfield & Minello 1996), shading 

(Ellis & Bell 2004), and substrate conditions (Minello et al. 1987) confer refuge benefits for 

small nekton by reducing the effectiveness of visual predators.  Although light levels were not 

measured, high turbidities across my study area (Table 3) may have minimized beneficial shade 

effects from the mangrove canopy for nekton (Benfield & Minello 1996).  Higher sand content 

observed at the mangrove site (Table 5) may provide more favorable substrate for brown shrimp 

and other taxa that burrow to escape predation (Minello et al. 1987).   

Surface elevations, highest at the mangrove site, intermediate at the transition site, and 

lowest at the Spartina site (Table 3), were consistent with the elevation gradient previously 

reported for the salt marsh-mangrove ecotone in Louisiana (Patterson & Mendelssohn 1991, 

Patterson et al. 1997).  This elevation gradient is reversed in Australia, however, where salt 

marsh species (e.g., Sporobolus virginicus, Samolus repens, Juncus krausii, and Sarcocornia 

quinqueflora) occur at higher elevations than mangrove species (e.g., A. marina, Aegiceras 
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corniculatum; Saintilan & Williams 1999, Bloomfield & Gillanders 2005).  Such elevation, 

hydroperiod, and plant species differences should be considered when comparing nekton use of 

salt marsh-mangrove ecotones in Louisiana versus Australia. 

Greater flooding depths and durations made the Spartina site more accessible to nekton 

than the mangrove site (Figures 5 and 6).  The transition site exhibited intermediate flooding 

durations, but low water levels resembled those at the mangrove site (Figures 5 and 6).  

Transition zones, in Louisiana, generally develop in higher elevation salt marshes where 

increased propagule retention and reduced propagule decay support mangrove survival 

(Patterson et al. 1997).  Higher dissolved oxygen at mangrove and transition sites (Tables 3 and 

4; Figure 7) may also be due to better-drained and more oxidized soils at these higher elevation 

sites (Patterson & Mendelssohn 1991).   

A series of atmospheric cold fronts in early spring 2004 reduced water depths and 

hydroperiod at all three habitat types, but especially at the higher elevation mangrove and 

transition sites (Figures 5 and 6).  Marsh flooding durations in the northern Gulf are generally 

greatest in fall and spring and lowest in summer and winter (Rozas 1995, Minello 1999); 

however, flooding durations during spring 2004 were low by comparison.  In fact, spring water 

levels did not increase to average levels until late May and flooding durations remained low at 

mangrove and transition sites through late June (Figures 5 and 6).  Therefore, Spartina marshes 

may become especially important for fishes and crustaceans when seasonal meteorological 

events reduce or prevent access to black mangrove and transition habitat types.   

 Benthic meiofauna composition and abundance were similar between Spartina and black 

mangroves sites (Tables 6 and 7) and were comparable to other salt marshes in Louisiana 

(Rutledge & Fleeger 1993) and Texas (Wardle et al. 2001, Whaley & Minello 2002).  Meiofauna 
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abundances were lower in August when nekton abundances were high and higher in spring when 

nekton abundances were low (Figure 8), similar to patterns reported for benthic infaunal 

densities in a Texas salt marsh (Whaley & Minello 2002).  Observed fluctuations in copepod 

abundances (Figure 8e) may also reflect changes in predation pressure related to site and 

seasonal differences in hydroperiod and nekton accessibility, since meiofauna composition and 

distribution are often affected by a combination of abiotic and biotic factors (Kneib 1984).   

Several potential differences in food resources, however, were not investigated in my 

study, including meiofauna that dwell on smooth cordgrass stems (Rutledge & Fleeger 1993, 

Gregg & Fleeger 1998, Wardle et al. 2001) versus mangrove pneumatophores (Laegdsgaard & 

Johnson 2001) and differences in the plant material itself.  Gobies and killifish, for example, 

often forage on plants when preferred benthic prey are unavailable (Rozas & Odum 1988).  Stem 

densities can also affect the spatial distribution of food resources, with more concentrated food 

items among pneumatophores than less dense prop roots (Rönnbäck et al. 1999, Laegdsgaard & 

Johnson 2001).  Benthic algal production, which may be more important than detritus in 

mangrove food webs (Stoner & Zimmerman 1988, Sheridan & Hays 2003), may also differ if 

light levels vary among Spartina, mangrove, and transition habitat types.   

Fish and Crustacean Habitat Use  

My study was unable to find significant differences in fish and crustacean densities 

among Spartina, black mangrove, and transition sites, possibly because sample sizes were low.  

However, site-related trends in nekton use were evident.  Specifically, fishes showed affinities 

for the Spartina site and decapod crustaceans were more closely associated with the mangrove 

site.  Fish and crustacean use at the transition site resembled patterns observed at both Spartina 
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and mangrove sites.  Nekton densities appeared to be most affected by habitat type, areal stem 

cover, turbidity, and water temperature (Table11).   

The similar densities and species of fishes and crustaceans collected across sites indicate 

that nekton can and do use Spartina, mangrove, and transition habitat types.  These similarities 

may be due to the close proximity of the three sites in the study area or because mangrove and 

transition habitat types account for a relatively small area within the salt marsh-dominated 

landscape.  Black mangroves have co-existed with salt marshes in Louisiana since at least the 

1700’s; therefore, it is reasonable that fishes and crustaceans have adapted to use mangrove and 

transition habitat types.  In fact, nekton often use a mosaic of habitat types, including several 

(e.g., oyster reef, seagrass beds, shallow nonvegetated bottom) not included for comparative 

purposes in this study.     

Crustaceans may have a stronger affinity for vegetation than fishes because their densities 

are often higher than fish densities in vegetated habitat types (Minello et al. 2003).  During my 

study, crustacean densities were consistently higher at the mangrove site (Figure 11b) and white 

shrimp and brown shrimp densities were also positively associated with higher ASC at the 

mangrove site (Figure 17).  Structurally complex, vegetated habitats often support high shrimp 

densities, but lower densities and biomass of fish species (seagrass, Sheridan 1992; mangroves, 

Rönnbäck et al. 1999).  Preferences may be species-specific, however, because densities of 

certain fish species have been positively related to structural complexity and/or shade in 

Caribbean mangroves (Cocheret de la Morinière et al. 2004).  

Site-related differences in structural complexity and nekton size observed during my 

study may affect ontogenetic shifts in nekton use.  Most of the crustaceans collected during my 

study were either small grass shrimp or juveniles, including white shrimp, brown shrimp (<25 
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mm RL), blue crabs, and gulf stone crabs (<50 mm CW; Table 10), that may have benefited from 

greater refuge from predation at the structurally complex mangrove site.  Juvenile fish may also 

use mangroves if predators are present or food resources are associated with the structure 

(Laegdsgaard & Johnson 2001, Ellis & Bell 2004).  Habitat needs often shift as nekton grow 

from protective habitats (e.g., mangrove or seagrass beds) to those with abundant food resources 

(e.g., mudflats or salt marshes; Rozas & Minello 1998, Craig & Crowder 2000, Laegdsgaard & 

Johnson 2001).   

In general, larger nekton were collected at the Spartina site (fish, 50.9 ± 28.0 mm; 

crustacean, 24.6 ± 22.0 mm) than at the mangrove site (fish, 41.3 ± 28.5 mm; crustacean, 20.3 ± 

16.5 mm).  Lower stem densities at the Spartina site may benefit larger nekton, especially fishes, 

by increasing accessibility and maneuverability within the flooded marsh.  Fish biomass was 

significantly greater at the Spartina site (Figure 14a) and gulf killifish were associated with 

lower ASC at the Spartina site (Figure 17).  In general, the mangrove site supported higher 

crustacean densities, but lower fish biomass, than the Spartina site (Figures 11 and 14).  

Observed, site-related differences in structural complexity may affect size-dependent foraging 

and predation interactions on the flooded marsh/mangal surface (Heck & Crowder 1991).   

A decline in fish use at higher elevation mangrove and transition sites during spring 2004 

(Figures 11a and 14a), but not at the lower elevation Spartina site, suggests that low flooding 

depths and durations negatively affected fish use of these intertidal habitat types.  Darter gobies 

and striped mullet were positively associated with flooding depth (Figure 17), perhaps because 

sufficient inundation is necessary to utilize their preferred marsh edge habitat types (Peterson & 

Turner 1994).  Other estuarine-dependent nekton, such as postlarval brown shrimp and white 

shrimp that immigrate to Gulf coast estuaries in the spring and summer, respectively, may also 
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be affected by site-related and seasonal differences in accessibility.  Water depth has been shown 

to be a primary factor affecting seasonal variability in brown shrimp densities (Zimmerman & 

Minello 1984).   

 My study found positive relationships between nekton densities and flooding duration at 

mangrove and transition sites (Figure 21), however, which suggest that nekton habitat use may 

be more affected by flooding duration than water depth.  Increased submergence of low-

elevation salt marshes in Louisiana may benefit brown shrimp by increasing the amount of time 

marsh resources are available (Rozas & Reed 1993).  Osgood et al. (2003) reported positive 

relationships between fish densities and flooding duration at their lower elevation salt marshes, 

but found no clear relationship between fish densities and water depth at their higher elevation 

marshes.  Although my study did not find significant relationships between nekton densities and 

flooding depth (Figure 22), positive correlations have been reported in salt marshes elsewhere 

(Yozzo & Smith 1998).   

Abiotic conditions also contributed to variable fish and crustacean densities in this study.  

In fact, the physicochemical environment is often an important determinant of nekton 

distributions in salt marshes and mangroves (Rakocinski et al. 1992, Baltz et al. 1993, Pinto & 

Punchihewa 1996, Ley et al. 1999, Lin & Shao 1999, Able et al. 2001, Gelwick et al. 2001).  My 

study found that grass shrimp and darter goby densities were positively associated with turbidity 

(Figure 17), perhaps because turbidity provides refuge benefits for small nekton in these 

marshes.  In addition, a positive association between blue crab densities and salinity (Figure 17) 

may be linked to the migration of female blue crabs to higher salinity regions of the estuary to 

reproduce (Kneib 1997).   



 59

Although subtidal geomorphology was not quantified at Spartina, mangrove, and 

transition habitat types, site-related differences were apparent.  In fact, the gently sloping, 

depositional Spartina edge may increase fish access to the flooded marsh compared to the steep, 

cut-bank mangrove edge (McIvor & Odum 1988).  Fish and crustacean affinities for edge 

morphology, however, may be species-specific.  Gulf killifish, which were positively associated 

with the Spartina site during my study (Figure 17), often select gently sloping, depositional 

marsh edge over cut-bank sites (Birdsong 2004).  Tidewater silversides, however, were closely 

associated with the mangrove site (Figure 17) and their abundances have been positively 

correlated with the height of the emergent marsh bank (Birdsong 2004). 

 Mean nekton densities at Spartina (fish, 0.97 ± 1.29 m-2; crustacean, 0.94 ± 1.10 m-2), 

mangrove (fish, 0.50 ± 0.70 m-2; crustacean, 1.94 ± 2.05 m-2), and transition sites (fish, 0.95 ± 

1.24 m-2; crustacean, 1.17 ± 0.99 m-2) were lower than estimates from studies using similar 

enclosure sampling techniques in salt marshes across Louisiana and Texas (fish, 7.71 ± 0.81 m-2; 

crustacean, 83.54 ± 6.5 m-2; Minello 1999).  Fish densities at my mangrove site were lower than 

reports from mangroves in Florida (Thayer et al. 1987, Sheridan 1992) and the Philippines 

(Rönnbäck et al. 1999), but similar to densities in Australia (Morton 1990, Halliday & Young 

1996, Vance et al. 1996).  Low nekton densities may, in fact, be typical of mangroves when 

compared to marsh, seagrass, nonvegetated, and coral reef habitat types (Sheridan & Hays 2003, 

Bloomfield & Gillanders 2005).   

The low nekton densities reported in my study may be due to:  (1) differences in 

sampling location and methodology; (2) low water levels that reduced nekton access to sites 

during spring 2004; (3) nekton avoidance or escape from lift nets; and/or (4) predation within 

lifts nets by larger nekton and birds.  My lift nets sampled the flooded marsh surface within one 
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to three meters of the vegetation-water interface.  Higher densities may be reported, however, if 

sampling occurs within the subtidal, nonvegetated edge where nekton aggregate, especially at 

low tide.  These studies (Baltz et al. 1993) also report more pelagic species (i.e., gulf menhaden, 

bay anchovy) and fewer resident marsh nekton (i.e., gulf killifish, sheepshead minnows) than 

studies sampling flooded marsh surfaces (Rozas & Reed 1993).  Although nekton avoidance of 

lift nets was possible, escape was unlikely because nets were repaired prior to each sampling 

event and recovery estimates (Table 12) were consistent with Rozas (1992).  Predation within lift 

nets is assumed to be negligible (Rozas 1992); however, higher recoveries of grass shrimp from 

the more structurally complex mangrove site (Table 12) may reflect lower predation rates.  If 

true, nekton densities reported in this study underestimate actual values and may be skewed 

given site-related differences in structural complexity.   

Conclusions 

 In conclusion, the significant vegetation and hydroperiod differences observed among 

Spartina, black mangrove, and transition sites in southwestern Caminada Bay may affect the 

accessibility and use of these habitat types by nekton.  Although similar taxa and densities of 

fishes and crustaceans were often collected across the three habitat types, site-related trends in 

nekton use were evident.  In general, fishes, including gulf killifish and sheepshead minnows, 

showed affinities for the Spartina site and decapod crustaceans, especially white shrimp and 

brown shrimp, were more associated with the mangrove site.  Habitat type, areal stem cover, 

turbidity, and water temperature were the primary factors affecting fish and crustacean densities.  

Greater structural complexity at the mangrove site may increase its refuge value for nekton since 

(1) many of the crustaceans collected were juveniles, including white shrimp, brown shrimp, 

blue crabs, and gulf stone crabs, and (2) white shrimp and brown shrimp were associated with 
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higher ASC.  Lower ASC and significantly greater flooding depths and durations at the Spartina 

site than at the higher elevation black mangrove site may benefit larger nekton by increasing 

accessibility and maneuverability within the marsh.  The transition site shared similar vegetation 

characteristics with the Spartina site, but more closely resembled flooding depths and durations 

observed at the mangrove site.  Nekton densities were positively related to flooding duration at 

mangrove and transition sites.  Reduced fish use at mangrove and transition sites during the 

spring suggests that Spartina marshes may be become especially important for nekton when 

seasonal meteorological events minimize or prevent access to mangrove and transition habitat 

types. 

Implications 

Mild winters since 1989-90 have facilitated an expansion of black mangroves in coastal 

Louisiana.  Mangroves are also increasingly planted for shoreline stabilization and habitat 

mitigation projects.  More research is necessary to determine if my findings from southwestern 

Caminada Bay are representative of nekton use across Louisiana’s salt marsh-mangrove ecotone.  

If they are representative, then as black mangroves move into higher elevation salt marshes, 

creating transition zones, there would likely be no effect or a temporary positive effect on fish 

and crustacean use.  As transition zones become monotypic black mangrove stands, however, use 

by some fish species, particularly larger species or individuals, may decline.  Decapod 

crustaceans, especially juveniles, are most likely to benefit from a continued expansion of black 

mangroves in coastal Louisiana. 

Black Mangrove and Transition Habitat Types as EFH 

My study addressed levels 1 (species distribution, range) and 2 (quantitative data) of the 

guidelines for identifying EFH (NMFS 1997).  Several federally managed species, including 
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brown shrimp, white shrimp, gulf stone crab, and gray snapper, were collected at black 

mangrove and transition sites in southwestern Caminada Bay, Louisiana.  In fact, white shrimp, 

brown shrimp, and gulf stone crabs were collected in their highest numbers, densities, and 

biomass at the mangrove site.  In addition, white shrimp and brown shrimp densities were 

positively associated with the structurally complex mangrove site. My findings, if representative 

of Louisiana’s salt marsh-ecotone, suggest that mangrove and transition habitat types support 

commercially-important decapod crustaceans.  Before specific recommendations for EFH 

designations are made, however, more research is needed to (1) examine levels 3 (growth, 

reproduction, survival) and 4 (disproportional production) of the guidelines for identifying EFH 

(NMFS 1997); (2) test the mechanisms by which observed differences in structural complexity 

and hydroperiod affect nekton selection and use of Spartina, mangrove, and transition habitat 

types; (3) compare nekton use at additional sites across Louisiana's salt marsh-mangrove 

ecotone; and (4) determine the areal extent of black mangrove and transition habitat types across 

south Louisiana.  If black mangroves continue to account for only a small percentage of the total 

area of coastal wetlands in Louisiana, then their actual contribution to EFH and overall fisheries 

production may not be significant. 
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