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Abstract 
Seagrasses are highly productive ecosystems. A before-after-control-impact (BACI) 

design was used to examine effects of dredging on seagrasses and the animals that inhabit them. 
The control site North Biscayne Bay and the affected site Port of Miami had seagrass densities 
decrease during both the before, Fish and Invertebrate Assessment Network 2006-2011, and 
after, Faunal Monitoring in Response to Harbor Dredging 2014-2016, studies. Turbidity levels 
increased at North Biscayne Bay and Port of Miami basins during the Faunal Monitoring in 
Response to Harbor Dredging study, especially in 2016. Animal populations decreased 
significantly in North Biscayne Bay and Port of Miami in the Faunal Monitoring in Response to 
Harbor Dredging study compared to the Fish and Invertebrate Assessment Network study. 
Predictive modeling shows that numbers of animal populations will likely continue to decrease if 
the negative trends in seagrass densities continue unabated. There could be effects on several 
fisheries vital to the south Florida economy. Additional research could determine if animal 
populations and seagrass densities have rebounded or continued to decrease. 

Introduction 
Seagrass communities are among the most productive and ecologically important global 

ecosystems. They provide high primary production that supports diverse food webs, maintain 
water quality by filtering contaminants and binding sediments to reduce turbidity, and serve as a 
resource for various marine species. Resources provided include protective cover, food, and 
nursery habitat. However, seagrass beds are extremely sensitive to anthropogenic effects and 
therefore have been placed among the most endangered ecosystems in the world (d’Avack and 
others, 2014, Schlacher-Hoenlinger and Schlacher, 1998). One of the most detrimental human 
activities that damages seagrass beds is dredging and accompanying turbidity. Dredging to 
accommodate commercial ships causes physical damage to seagrass beds and lasting ecological 
effects by disturbing seagrass sediments (Erftmeijer and Lewis, 2006).  The present study 
focused on the effects of the Deep Dredge project at the Port of Miami, which was implemented 
in 2014–2015 to allow larger ships to access and utilize the port.  

This study is a continuation of the Faunal Monitoring in Response to Harbor Dredging 
(FMHD) project. Faunal Monitoring in Response to Harbor Dredging monitors and assesses 
faunal abundance and composition with associated vegetation in North Biscayne Bay (NBB) and 
the Port of Miami (POM). The FMHD project is designed to track possible effects of dredging 
on seagrass habitats adjacent to the port. To allow for comparison of results, the experimental 
design and methods from the South Florida Fish and Invertebrate Assessment Network (FIAN) 
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were used, which was part of the Restoration, Coordination, and Verification (RECOVER, 2004) 
program of the Comprehensive Everglades Restoration Plan (CERP) (Robblee and Browder, 
written communication to USACE, USGS, and NOAA National Marine Fisheries Service). 
Samples were collected from both locations over 3 years, 2014–2016, to assess the status of the 
seagrass ecosystems before, during, and after completion of the dredging project. FIAN samples 
were collected in NBB and POM from 2005 to 2011. These data were used as a baseline to 
compare results from the FMHD. 

Background 
Seagrasses 

Seagrasses are flowering vascular plants that are widespread in estuarine and marine 
environments around the world. Seagrass communities are one of the most productive coastal 
marine ecosystems and a major benthic feature of the shallow coastal waters of southern Florida 
(Short and others, 2007). Seagrass beds serve as food, habitat, and nursery grounds for a host of 
marine organisms. For example, sea turtles and manatees rely heavily on seagrass for food 
(Serafy and others, 1997). Seagrasses also provide habitat for diverse vertebrate and invertebrate 
communities and support economically important fisheries, such as the Caribbean spiny lobster, 
stone crab, and pink shrimp.  

Seven species of seagrass can be found in southern Florida, the majority of coverage 
consists of Thalassia testudinum (turtle grass), Halodule wrightii (shoal grass), and Syringodium 
filiforme (manatee grass). Turtle grass is the dominant species in distribution and biomass and is 
an important component of the diet of the green sea turtle (Chelonia mydas) (Fuentes and others, 
2006). Shoal grass tends to be locally dominant in recently disturbed areas, and often becomes 
established rapidly after-disturbance. This species is typically found in areas with extreme 
temperatures and salinities or in low light conditions. Manatee grass is generally prominent in 
deeper marine waters compared to shallower shoal and turtle grass beds (Fourqurean and others, 
2001). 

Dredging 
 Dredging is necessary in large ports around the world to maintain and deepen channels 

to allow access for large cargo ships (Erftemeijer and others, 2006). The Port of Miami is an 
economically important seaport that supports about 225,000 jobs and contributes approximately 
$30 billion to the local economy. The Deep Dredge Project in the Port of Miami was designed to 
widen and deepen the channel to 50 feet to allow super post-Panamax megaships to utilize the 
port. This project was completed in September 2015 (U.S. Army Corps of Engineers, n.d.).  

The dredging process causes large-scale disturbance in the surrounding area and can lead 
to many negative effects on the ecosystem including decreases in water quality with increased 
turbidity and sedimentation, hydrographic changes, and shifts in the community structure of 
plants and organisms (Lohrer and Wetz, 2003; Behringer and Butler, 2006). One of the most 
significant dredging related issues for seagrasses is mechanical destruction, including physical 
removal or burial of the grasses. For the organisms that inhabit seagrass beds, there can be 
decreases in primary production, loss of inhabitable space, decreases in the nutritional quality of 
food, and reduced feeding success of visual predators and filter feeders (Essink, 1999). The 
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increased silt layer on the seafloor can also lead to anoxic bottom conditions and smothering of 
corals, sponges, and grasses.  

Faunal Monitoring in Response to Harbor Dredging 
The FMHD project was designed by using the FIAN methodology to evaluate the effects 

of dredging in the Port of Miami over 3 years (2014–2016). The purpose of FIAN was to monitor 
seagrass fauna, including fish, crabs, and caridean and penaeid shrimp, in relation to benthic 
vegetation, substrate, and environmental conditions, turbidity in particular. Samples were 
collected at the end of the dry and wet seasons, April and September respectively. The 7-year 
FIAN project (from 2005 to 2011) provided a baseline prior to dredging the port (Robblee and 
Browder, written communication to USACE, USGS, and NOAA National Marine Fisheries 
Service). FMHD was carried out by the U. S. Geological Survey (USGS) using laboratory 
facilities from Nova Southeastern University’s Oceanographic Center in Dania Beach, Florida.  

Methods 
Sampling Locations 

This project compared seagrass communities in  two basins, NBB and the POM (fig. 1). 
Sampling sites in NBB are between Miami and the Miami Beach barrier island from John F. 
Kennedy Causeway to Julia Tuttle Causeway. The POM sampling sites are located south of the 
port down to Rickenbacker Causeway.   

Experimental Design 
The sampling design of the FMHD was the same as that of FIAN which utilized a 

sampling grid of 30, equal-sized hexagonal cells. Thirty sites were used for statistical analysis. 
Two FIAN sampling locations, POM and NBB, were selected. The POM sites were located 
adjacent to the area to be dredged, whereas the NBB would serve as a “control” to identify 
regional patterns. The premise was if similar changes occurred at both sites, dredging may not 
account for the observed changes, whereas changes only observed in POM may be attributable to 
dredging activities. Sample sites were visited biannually at the end of the dry and wet seasons in 
the first 2 weeks of April and September, respectively. Fig. 1 shows the 30 cells sampled in each 
of the two locations. Within each cell, up to five random locations were visited and inspected for 
the presence of benthic vegetation, including seagrasses and algae. Once a location with benthic 
vegetation was found, that station was sampled and no alternate locations were visited. If 
vegetation was absent, the remaining alternates were visited until vegetation was present. If each 
of the alternates was found devoid of vegetation, the fifth site was sampled and categorized as 
unvegetated. 
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Figure 1. Google Earth image of study areas (left) with both basins outlined in red. The top area is North 
Biscayne Bay (NBB) and the bottom area is Port of Miami (POM). A map of Biscayne Bay (right) showing 
the 30 cells in each of the two sampling grids for North Biscayne Bay (white) and Port of Miami (green).  

 

Physical and Environmental Field Measurements 
Once a sampling location was chosen, coordinates were recorded by using a Garmin 

GPSMAP492 Global Positioning System unit (World Geodetic System 1984 datum). Physical 
and environmental field measurements were taken at each of the 30 sample sites. Salinity and 
temperature were measured within 1 meter (m) of the surface and within 1 m of the bottom 
substrate surface at each site by using a hand-held WTW 330i Conductivity Field Meter (or 
equivalent, 315i). Turbidity measurements were made by collecting a single grab sample in 
undisturbed water just below the surface at the collection site. The sample was placed on ice on 
the boat, and stored in a refrigerator until analysis at the lab. An HF Scientific DRT–15CE 
portable turbidity meter over three selectable ranges, (0–10, 0–100, and 0–1,000 nephelometric 
turbidity units (NTUs), was used to measure turbidity. 
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Braun-Blanquet Method 
 The project utilized a modified Braun-Blanquet technique to quantify vegetation cover 

and abundance (Braun-Blanquet, 1965). The Braun-Blanquet technique involves visually 
quantifying the cover and abundance of seagrass and algae observed in a 0.25-square meter (m2) 

quadrat. In total, six replicates were collected at each sample point, with five being distributed in 
a semicircle around the boat and throw-trap and the sixth being immediately next to the throw-
trap (fig. 2). Substrate type was recorded along with species of vegetation present. Bottom 
substrate was categorized as mud, sandy mud, muddy sand, sand, coarse shell, rubble, Halimeda 
(algae) hash, or a combination of these types. Seagrasses observed were Thalassia testudinum, 
Halodule wrightii, Syringodium filiforme, and various Halophila species (for example, H. 
engelmanni, H. decipiens, H.johnsonii).  The canopy height (general height of each taxon) was 
measured for each species of seagrass present, or the height of the algae measured if no seagrass 
was present. Each taxon was then assigned a density score (table 1). The upper end of the scale is 
generally for seagrasses and upright algae that cover more than 75 percent of the given quadrat. 
Littler and others (1989) and Green and Short (2003) were used to identify and characterize 
algae and seagrass, respectively. 

 
 
 
  
 

                                               
 
 

 
 
 
 
Figure 2.  Location of Braun-Blanquet replicate habitat samples in relation to the anchored boat and 
throw-trap.  
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Table 1. Braun-Blanquet categories of cover abundance rating used to quantify the seagrass community 
present at each site sampled (Braun-Blanquet, 1965). 

 
 

 

Animal Collection Method 
To quantitatively sample the epibenthos, a 1-m2 throw-trap was used at each of the 30 

cells in the sampling grid. The throw-trap was thrown into undisturbed water behind the boat and 
immediately covered with panels of weighted nylon netting (0.16-mm DELTA stretched mesh) 
attached on parallel edges at the top of the trap. When the trap was in place, fish and 
invertebrates were collected with five separate passes of a sweep net. Sweep nets were dragged 
across the bottom inside the throw-trap while cover netting was pushed forward simultaneously 
to prevent the escape of animals. In water depths greater than 0.75 m, surface-supplied hookah 
equipment was used. The five sweep nets were returned to the boat and rinsed over a 1-
millimeter (mm) sieve and placed in similar sized mesh netting bags. The samples were stored in 
an ice bath until they could be fixed in a 10 percent Formalin solution or frozen until the samples 
were sorted. The organisms were identified to the lowest possible taxonomic level and stored in 
70 percent Ethanol.  

Statistical Analysis 
Statistical analyses included both parametric and nonparametric tests with a significance 

level of p<0.05. Data were tested for normality and homogeneity of variances to determine 
appropriate statistical test. Simple analysis of variance (ANOVA) was used to evaluate the 
relationships among study sites and years, environmental factors, and fauna/flora. These 
relationships included differences in turbidity, seagrass density, and faunal composition by years, 
locations, and seasons. Post-hoc multiple comparison tests were used on statistically significant 
models to determine which factors could be attributed to observed changes. Results were also 
compared with FIAN data as a baseline. Permutational multivariate analysis of variance 
(PERMANOVA) was used as the before-after-control-impact (BACI) test for differences in total 
numbers of caridean shrimp, penaeid shrimp, and fish by location, year, season, and interactions 
between factors (Smith and others, 1993; Smith, 2002). The biostatistics package Quest Research 
Limited PRIMER 7 was used to generate nonmetric multidimensional scaling plots to compare 
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the community similarities before, during, and after dredging in POM and NBB. Data were 
normalized prior to generating a resemblance matrix based on Euclidean distance. 

Results 
Variables measured in this study included salinity, turbidity, temperature, seagrass 

density, and total counts of animals. A correlation matrix was used to show relationships 
between these factors (table 2). All correlations of 0.15 or higher were tested for significance, 
along with all temperature and salinity measurements. The significant negative correlation 
between salinity and temperature was expected because high salinity ocean waters are cooler. 
These two variables were not considered to be impacted by the dredging. The variables that were 
significantly altered during the project were turbidity, seagrass density, and total counts of 
animals. There was also a shift in faunal composition in caridean and penaeid shrimp and fish in 
NBB and POM over the course of the 3-year monitoring periods.  
 

Table 2. Matrix showing mean, standard deviation (SD), and correlation between each of the factors of 
Faunal Monitoring in Response to Harbor Dredging (FMHD) data. Asterisks indicate correlations ≥0.15 that 
were tested for statistical significance.   

 Factor Mean SD 1 2 3 4 5 
1 Salinity 32.57 3.50 -     
2 Turbidity 2.97 2.29 -0.10 -    
3 Temperature 28.30 2.62 -0.40* -0.13 -   
4 Seagrass 

density 
1.28 1.07 0.13 -0.21* 0.05 -  

5 Animal totals 28.53 44.75 0.11 -0.15* 0.08 0.41* - 
 
 

Turbidity  
During the FIAN and FMHD studies, turbidity (as NTU) was gradually decreasing 

overall until 2016, when values noticeably increased (fig. 3A).  For both sites combined, one-way 
ANOVA showed a significant increase in surface water turbidity over the three years of FMHD 
(p<0.001), though there was no significant difference in turbidity by season or between both 
locations. Both locations showed significant differences in turbidity by year. Significant 
increases in turbidity (p<0.001) were observed in both NBB and POM over the 3 years (fig. 3B). 
There were significant differences in turbidity at NBB between 2014 and 2016 and between 2015 
and 2016 (p<0.001), but not between 2014 and 2015. Similar differences were observed at POM 
where significant differences were observed among 2014 to 2016 and between 2015 and 2015 
(p<0.001) but not between 2014 and 2015. There was no significant difference in turbidity 
between seasons at the two locations (fig. 3C).   
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Figure 3. Boxplots displaying turbidity values (in nephelometric turbidity units [NTUs]) in North Biscayne 
Bay (NBB) and Port of Miami (POM) in A, each sampling year throughout Fish and Invertebrate 
Assessment Network (FIAN) and Faunal Monitoring in Response to Harbor Dredging (FMHD), B, each year 
of the FMHD study (2014-2016) in each of the two study areas, and C, each basin by season (wet or dry) in 
all years of the FMHD study. The box represents the 25 to 75% interquartile range of values, the bold 
horizontal line inside the box represents the median value, the upper dashed line represents the maximum 
value of the third quartile plus 1.5 times the interquartile range, the lower dashed line is the minimum value 
of the first quartile minus 1.5 times the interquartile range, and circles are outliers. No overlap in the 
interquartile boxes indicates a significant difference, overlap in the interquartile boxes but not the medians 
indicates a likely significant difference, overlap in the interquartile boxes and the medians suggests no 
significant difference.  
  

Seagrass Density 
Overall, seagrass density showed a significant decrease through time from the FIAN 

study to the FMHD study (p<0.001; fig. 4A). With both sites combined for FMHD, there was a 
significant change in seagrass density among years (p<0.001). At both locations, significant 
decreases in seagrass density were observed beginning in 2015 and into 2016 (fig. 4B). Seagrass 
density in NBB had a significant decrease by year (p<0.05). There was a significant difference 
between 2014 and 2016 (p<0.001) and between 2015 and 2016 (p<0.05), but no significant 
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difference between 2014 and 2015. POM showed similar significant decreases by year 
(p<0.001). There was a significant difference between 2014 and 2016 (p<0.001) and between 
2015 and 2016 (p<0.001). Similar to NBB, there was no significant difference in seagrass 
density between years 2014 and 2015 (fig. 4), suggesting dredging had not yet had a measurable 
impact. There were no significant differences in seagrass density between seasons at either 
location (fig. 4C).  
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Figure 4. Boxplots displaying differences in average seagrass densities using the Braun-Blanquet (1965) 
scale in North Biscayne Bay (NBB) and Port of Miami (POM) in A, each sampling year throughout Fish and 
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Invertebrate Assessment Network (FIAN) and Faunal Monitoring in Response to Harbor Dredging (FMHD), 
B, each year of the FMHD study (2014-2016) in each of the two study areas, and C, each basin by season 
(wet or dry) in all years of the FMHD study. The box represents the 25 to 75 percent interquartile range of 
values, the bold horizontal line inside the box represents the median value, the upper dashed line 
represents the maximum value of the third quartile plus 1.5 times the interquartile range, the lower dashed 
line is the minimum value of the first quartile minus 1.5 times the interquartile range, and circles are 
outliers. No overlap in the interquartile boxes indicates a significant difference, overlap in the interquartile 
boxes but not the medians indicates a likely significant difference, overlap in the interquartile boxes and the 
medians suggests no significant difference. 

 

Animal Totals 
There were significant differences in animal totals by year (p<0.05) and site (p<0.001), 

but no significant differences between seasons (fig. 5A-C). Overall, NBB showed slight although 
significant decreases in caridean shrimps (Alpheus, Hippolyte, Thor, Latreutes, Paleaemonetes., 
Periclimenes, and Processa), penaeid shrimps (Farfantepenaeus), and fishes (Floridichthys, 
Lucania, Ctenogobius, Gobiosoma, Microgobius, and Hippocampus) (p<0.05 for all) throughout 
the study period. Sites at POM also showed a similar significant decrease in carideans (p<0.05), 
penaeids (p<0.05), and fishes (p<0.001) throughout the study period (Figure 5B). There were 
significantly more animals at the POM than at the NBB for all 3 years (p<0.001). Caridean 
shrimp, penaeid shrimp, and fish totals all showed significant changes throughout the FMHD in 
both locations. There were also considerable shifts observed in the community assemblages of 
fish and shrimp in both locations (fig. 6A-D).  



22 
 

 

 



23 
 

 
 
Figure 5.  Boxplots displaying differences in animal total counts in North Biscayne Bay (NBB) and Port of 
Miami (POM) in A, each sampling year throughout Fish and Invertebrate Assessment Network (FIAN) and 
Faunal Monitoring in Response to Harbor Dredging (FMHD), B, each year of the FMHD study (2014-2016) 
in each of the two study areas, and C, each basin by season (wet or dry) in all years of the FMHD study. 
The box represents the 25 to 75% interquartile range of values, the bold horizontal line inside the box 
represents the median value, the upper dashed line represents the maximum value of the third quartile plus 
1.5 times the interquartile range, the lower dashed line is the minimum value of the first quartile minus 1.5 
times the interquartile range, and circles are outliers. No overlap in the interquartile boxes indicates a 
significant difference, overlap in the interquartile boxes but not the medians indicates a likely significant 
difference, overlap in the interquartile boxes and the medians suggests no significant difference.  
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Figure 6. Bar graphs showing community structure changes from 2014 to 2016 in North Biscayne Bay 
(NBB) and Port of Miami (POM) for A, fish composition in NBB, B, fish composition in POM, C, shrimp 
composition in NBB, and D, shrimp composition in POM. Fishes and caridean shrimps were separated by 
genus.  
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Turbidity, Seagrass Density, and Animal Totals 
 Kendall’s tau correlation tests were used to examine relationships between turbidity and 
seagrass density, turbidity and animal totals, and seagrass density and animal totals. The test 
showed that seagrass density was negatively correlated with turbidity (p<0.001, τ=-0.2076391; fig. 
7A).  Total animal abundance for the four groups combined, was also negatively correlated to 
turbidity (p<0.001, τ=-0.1471443; fig. 7B). Seagrass density was positively correlated to animal 
totals (p<0.001, τ= 0.4107495; fig. 7C).  
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Figure 7. Kendall’s tau correlation with 95% confidence intervals showing a negative correlation 
between A, turbidity (in nephelometric turbidity units [NTUs] and seagrass density; B, turbidity and 
combined totals of shrimps, fishes, and crabs; and C, a positive correlation between seagrass density 
and combined totals of shrimp, fishes, and crabs.  

BACI  
Results from the BACI test helped to integrate changes in turbidity, seagrass density, and 

animal totals. Location explained most of the variation in the model, followed by year (table 3).  
Neither season nor any interaction between factors were significant at the p<0.05 level.  This 
analysis confirms previous results that the POM had more total animals than NBB. 
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Table 3. Permutational multivariate analysis of variance (PERMANOVA) test results of total numbers of 
caridean shrimp, penaeid shrimp, and fish by location, year, season, and interactions between factors for 
Faunal Monitoring in Response to Harbor Dredging (FMHD) data. Sources of variation in models, 
df=degrees of freedom, SS=sums of squares, MS=mean squares, Pseudo-F statistic, and 
P(perm)=attained significance level. Results were considered significant at P(perm)<0.05). 

Source df SS MS Pseudo-F P (perm) 
Location 1 33403 33403 28.238 0.001 

Year 2 12064 6032.2 5.0994 0.001 
Season 1 2164.5 2164.5 1.8298 0.145 

Season*Location 1 3059.8 3059.8 2.5866 0.069 
Year*Season 2 5034.8 2517.4 2.1281 0.081 

Year*Location 2 2434.9 1217.4 1.0292 0.373 
Year*Season*Location 2 2557.1 1278.6 1.0808 0.366 

Residuals 348 348 4.1166E+05 1182.9  
Total 359 359 4.7238E+05   

                
 

PRIMER 7 was used to create a nonmetric multidimensional scaling diagram of 
community similarity at both sites through the three-year FMHD.  The BACI Euclidean distance 
graph showed variability in NBB and POM throughout the study period and displays amount of 
similarity between both locations for each year (fig. 8). Before dredging began in 2014, NBB and 
POM were relatively similar to each other. Between 2014 and 2015, NBB remained similar to 
POM. Once the dredging commenced in 2015, POM became markedly variable compared with 
NBB and year centroids (fig. 8). By 2016, NBB and POM were dissimilar to the previous years 
but similar to each other. The resemblance of both locations by 2016 indicated a shift of 
community structure at both locations. 
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Figure 8.  Nonmetric multidimensional scaling Euclidean distance graph created by using PRIMER 7.  
Graph visually depicts the resemblance of North Biscayne Bay (NBB) and Port of Miami (POM) community 
structures to each other through the years. 
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Discussion 
Turbidity 

 In addition to collecting epibenthic fauna and determining vegetation cover and 
abundance, the FMHD project recorded various environmental data. These data included salinity, 
temperature, turbidity, sediment depth, and water depth taken at each sampling site. These 
environmental factors can have a substantial effect on seagrass distribution and condition. For 
example, H. wrightii can tolerate extreme salinities and turbidity, whereas T. testudinum cannot 
(Fourqurean and others, 2001). These measurements can help determine if there are gradients 
across the bay that may explain changes in the distribution and density of seagrass (FMHD). 
Dredging can have adverse effects on the environment by increasing turbidity in the water 
column. Increased turbidity affects primary production as it reduces the amount of light that can 
penetrate the water column, which can lead to a reduction in photosynthesis and productivity 
(McCloskey and Unsworth, 2015).  

Increased turbidity levels from dredging can directly and indirectly affect seagrass. 
Dredging increases the amount of suspended material in the water column, which reduces the 
light available to the submerged vegetation (Erftemeijer and Lewis, 2006). Both NBB and POM 
showed similar increases in turbidity over the course of the study. Marked differences in 
turbidity were observed at NBB among the years 2014 to 2016 and between 2015 and 2016. 
During the fall of 2015, the northeastern corner of the bay began to experience a seagrass die-off 
which may have been the result of higher turbidity. However, in 2015, our data showed high 
turbidity values in areas of the bay where the die-off was not present. By 2016, average turbidity 
values had substantially increased throughout all sampling sites in the bay. This increase 
suggests that the die-off did not contribute to the observed turbidity increase among our sampling 
areas. However, because of the significant increase in turbidity values between 2015 and 2016, 
conclusions about the direct effects of dredging on NBB could not be made from this study. The 
increase in turbidity in the bay cannot be entirely attributed to the seagrass die-off or to adjacent 
dredging from the POM. 

POM showed the same significant effects in turbidity as NBB. There was a significant 
increase between 2014 and 2016 and a significant increase between 2015 and 2016 after 
dredging occurred. There was no significant difference between 2014 and 2015 before dredging 
began. Average turbidity values by 2016 were significantly higher than the previous two years 
throughout the sampling sites. Fig. 9A-D displays the overall trend in turbidity throughout the 
three-year study period in FMHD compared with the seven-year FIAN record. In FIAN, average 
turbidity values in NBB were fairly constant, varying around a mean of 2.5 NTU, whereas 
turbidity in POM exhibited a decreasing trend (Robblee and Browder, written communication to 
USACE, USGS, and NOAA National Marine Fisheries Service).    

Seagrass Density 
Seagrass is an essential part of coastal communities in South Florida. Seagrass beds 

provide food and habitat and host numerous fishes, invertebrates, and other animals. Seagrass 
density was negatively correlated with turbidity. Higher turbidity values likely resulted in lower 
seagrass densities (Norland and Gullstrom, 2013). This relationship was observed in the same 
pattern as turbidity in the FMHD study. In NBB and POM, there was a significant difference 
between 2014 and 2016 and between 2015 and 2016 but not between 2014 and 2015.  Fig. 10A-
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D shows that both locations in the FIAN and FMHD studies had decreasing seagrass density 
trends over time. However, the FIAN study did not show significant decreases throughout the 
seven-year period. Both NBB and POM had more substantial decreases over the three years of 
the FMHD study than the seven previous years of the FIAN study. Seagrasses will need to 
recover to reverse the current downward trend. 

Average seagrass densities were compared to the average turbidity for wet and dry 
seasons for NBB and POM. The highest peak turbidity observed for both locations during the 
FMHD study occurred during the dry season directly succeeding the dredging. Turbidity 
decreased while the average seagrass density showed little change. This suggests that the 
seagrass may need more time to recover from dredging operations and that continuing to monitor 
the bay is essential to understand the long-term effects of turbidity on seagrass. 
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Figure 9.  Average turbidities for North Biscayne Bay (NBB) and Port of Miami (POM) observed 
throughout the study period for the Faunal Monitoring in Response to Harbor Dredging (FMHD) and Fish 
and Invertebrate Assessment Network (FIAN) studies as a comparison of conditions before and after 
dredging.
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Figure 10.   Average seagrass densities (as defined in table 1) for North Biscayne Bay (NBB) and Port of 
Miami (POM) observed throughout the study period for the Faunal Monitoring in Response to Harbor 
Dredging (FMHD) and Fish and Invertebrate Assessment Network (FIAN) studies as a comparison of 
conditions before and after dredging.
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Animal Totals 
As in the FIAN study, seagrass fauna was collected and benthic vegetation was observed 

twice annually in NBB and POM. Community assemblages of fish and decapod invertebrates 
were determined using a throw-trap. Throw-trap collections are important to determine the 
effects of structural changes in the environment because of the important role of seagrass as 
habitat and food to marine animals. Changes in community structure as compared with those 
observed in the FIAN study were observed during 2014 and 2015, the first two years of the 
FMHD study, when dredging activities were taking place. Since vegetation is positively 
correlated to faunal abundance, dredging could affect animal populations and community 
assemblages that use seagrass as habitat.  

Animal totals decreased significantly throughout the 3-year period for both locations (fig. 
5B. Both NBB and POM had slight but significant decreases from year to year in caridean 
shrimp, penaeid shrimp, and fish totals. Unlike seagrasses, some animals have the ability to leave 
an area when conditions become unfavorable. Our research shows animal totals were negatively 
correlated to increased turbidity values. Because of dredging activities, it may be important to 
monitor faunal composition of the POM to determine whether these populations continue to 
decrease or recover. In this study, the POM had more significant decreases in animal totals than 
NBB which may have been due to dredging.   

There were differences in the community structure in the fish and shrimp populations in 
both locations throughout the study period (fig. 6A-D). In NBB, populations of Floridichthys 
(pupfishes), Lucania (ray-finned killifishes), and Microgobius (gobies) decreased by 
approximately 80, 72, and 96 percent, respectively from the start of the project in 2014 to 2016. 
The Ctenogobius (gobies), Gobiosoma (gobies), and Hippocampus (pipefishes and seahorses) 
had overall increases of 92, 76, and 43 percent, respectively, throughout the project. In POM, 
Gobiosoma and Hippocampus populations remained relatively stable. Diplogrammus (dragonets) 
populations decreased by approximately 95 percent. Populations of both Floridichthys and 
Microgobius substantially declined. By 2016, Floridichthys and Microgobius were no longer 
present in our study areas (fig. 6A-B). Lucania was the only genus of fishes that showed a 
substantial population increase of 81 percent.  

There were also notable changes in the caridean shrimp population in both sampled 
locations throughout the study period. Shrimp composition in NBB consisted mostly of Thor and 
Hippolyte, both of which belong to the family Hippolytidae. There was a large shift between the 
two genera: Thor decreased, and Hippolyte became the major genus found from 2014 to 2016. 
Although Hippolyte became the dominating genus, it still experienced declines. Overall, 
Hippolyte and Palaemonetes suffered severe decreases of 95 and 100 percent by 2016. In POM, 
the shrimp community was more variable than in NBB. The major genera that made up the 
population were Alpheus, Hippolyte, Thor, and Periclimenes. There were more genera affected 
than in NBB with decreases of 61, 48, 60, 30, and 86 percent in Alpheus, Hippolyte, Latreutes, 
Periclimenes, and Processa, respectively. The only genus that exhibited a major increase was 
Thor, with an overall increase in population of approximately 74 percent from 2014 to 2016. The 
number of penaeid shrimps collected from 2014 to 2016 declined by approximately 61 percent 
throughout the study period (fig. 6C-D).  

Monitoring the faunal composition in response to environment-altering activities 
improves understanding of ecosystem function. Some species may show resilience when 
detrimental changes have been made to their environment while others do not, which was 
observed in several genera of fishes and shrimp in NBB and POM. Those species that are not 
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tolerant to these changes may disappear from the area. In this study, there were two fish and one 
shrimp genera that were observed in 2014 that declined throughout the study period and were not 
observed by 2016.  

Unfortunately, there were no collections in 2017. There could have been a return to 
previous states in both locations or conditions may have continued to decrease seagrass and 
animal totals. It is possible that the populations we observed decreasing or disappearing 
completely, could have rebounded by 2017. Without further sampling, it is unknown whether the 
dredging could have lasting effects on the seagrass community. 
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