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The Indian River Lagoon (IRL) system along the East Coast of Florida, has

experienced widespread semi-annual algal blooms since 2011. These blooms have

led to the loss of submerged aquatic vegetation (SAV), fish and shellfish kills, in

addition to manatee and bird deaths. For decades prior to the blooms, portions of the

lagoon adjacent to developed areas had been experiencing turbid waters and

nutrient input from freshwater flows which resulted in areas of SAV loss or decreased

SAV coverage.

A bloom of brown algae Aureoumbra lagunensis reappeared within the Banana River

portion of the Banana River in Winter 2018 and continued through the summer.

Thirty-five fish kills were reported to Florida Fish and Wildlife in April 2018 within

Sykes Creek and canals leading to the Banana River (St. Johns River Water

management District, 2018). Chlorophyll a concentration was measured above 100

µg/L within these areas during the bloom and secchi depth was measured between

0-0.5 m indicating limited light penetrating into the water ((St. Johns River Water

management District, 2018).

Zooplankton are good indicators of water quality change due to their quick response

to changes in the water (Johnson et al., 2005). Zooplankton are second in line of the

food web, also known as primary consumers, and eaten by higher trophic levels.

Several factors contribute to the distribution of zooplankton. Water temperature, pH,

chlorophyll a, and salinity are determinates of some zooplankton communities, where

some zooplankton can live in various conditions (Johnson et al., 2005). These groups

of zooplankton that require specific water conditions are good indicators of water

quality change due to their specific living conditions and respond quickly to changes

in the water. Understanding how algal blooms influence the base of the food chain

will allow us to make predictions for fisheries.

The purpose of this study was to determine patterns in zooplankton densities and

water quality in locations within the 2018 algae superbloom within the Banana River

basin of the IRL compared to control sites within the Mosquito Lagoon basin of the

IRL. The relationship of zooplankton density and water quality were also compared to
determine predictive patterns in zooplankton density.

While increased phytoplankton generally increases zooplankton density, superbloom events within the Indian River Lagoon may change phytoplankton size and quality, leading 
to decreases or changes in zooplankton species. It was hypothesized that sites experiencing superbloom events would have lower zooplankton densities than control sites. 
Triplicate samples using vertical zooplankton tows were collected at three separate sites within the Banana River and three sites within the Mosquito lagoon. Temperature and 
salinity were measured using the YSI and a secchi depth was taken as a measure of turbidity. Chlorophyll A was acquired from the St. Johns River Water Management District. 
Zooplankton were preserved in 70% ethanol, divided into functional groups and enumerated. Zooplankton densities varied among control and superbloom sites, with gradients 
in chlorophyll a concentrations from peak bloom areas in the Thousand Islands and lower levels found near Sykes Creek and Pineda Causeway. Zooplankton densities were 
significantly correlated (p<0.05) with temperature and chl a concentrations at the study sites. The results of our research suggest the possibility that super blooms have a direct 
negative relationship with the marine ecosystem. The lack of microorganisms could lead to reduced prey items for larger marine organisms in super bloom areas.
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At each sampling site three replicates vertical zooplankton tows were taken using a 50 µm

zooplankton net (Figure 2). The net was lowered to the bottom of the lagoon and raised to the

surface. Zooplankton were rinsed through a 55-500 µm sieve and preserved in 70% ethanol for

identification in the lab. A noticeable difference was apparent in the water clarity and color between

the zooplankton samples collected at the superbloom sites, suggesting that the bloom was

heterogenous between the sampling sites. Thousand Islands water was orange/brown in color,

while Sykes creek was clear and Pineda Causeway was green/brown (Figure 3).

In the Lab, a minimum of three,1 mL pipettes of each sample were counted using a Sedgewick

Rafter counting slide. At least 200 individuals were counted per zooplankton sample. Zooplankton

were enumerated and identified into the following taxonomic classes: copepod, polychaete, snail

veliger, crustacean nauplii, barnacle, or tintinnid (Figure 4). Additional identifications of copepod

species and barnacle stage were identified but are not included in this analysis. The total number of

zooplankton per sample were averaged for all 1 mL counts and divided by the volume of water

sampled at each site. The volume of water was determined by multiplying the net opening by the

water depth.

A YSI was used to take measurements of temperature and salinity at each site at the surface and

bottom. A secchi disk was lowered to determine water clarity at each site. Additional water quality

parameters were collected from St. Johns Water Management District’s online data retrieval tool.

The Sykes Creek sampling site used in this study was not near a St. Johns sampling area,

therefore this site was not included in water quality statistical analysis.

The density of zooplankton were 4th root transformed and compared among sampling sites using

an MDS in Primer V6. Water Quality variables at each site were square root transformed and

normalized then compared using a PCA in Primer V6. The relationship of water quality and

zooplankton density among sites was using the BEST program and DISTLM was used to

determine model the main water quality impacts on zooplankton among sites.

Figure 4. MDS  plot of zooplankton densities at control sites in the Mosquito Lagoon 
(Georges Bank, Cedar Creek, and Channel Marker 6) and superbloom sites 
(Thousand Islands, Sykes Creek and Pineda Causeway).

Figure 5. MDS  plot of tintinnid densities overlayed on sites. 

Figure 6. MDS  plot of barnacle densities overlayed on sites. 

Figure 7. PCA of water quality variables at control and superbloom sites  Figure 8. Model of environmental variables that predict zooplankton densities at control and 
superbloom sites 

Zooplankton densities showed 60% similarities between all sites (control and superbloom) (Figure4). Superbloom samples as Sykes Creek
were unique compared to other sites, likely due to higher abundances of barnacles (Figure 6). Superbloom sites Thousand Islands and Sykes
Creek had higher densities of tintinnids compared to other sites, as did the control site Cedar Creek, which was in dense mangroves. Pineda
causeway was sampled within the superbloom area, but clustered with control sites. This site was characterized by diatoms and flushed
water from the opening of the Banana River.

The Thousand Islands area was characterized by high Chlorophyll a and TSS (Figure 7). Zooplankton abundance was compared to water
quality parameters using Primer V.6 Bio-Env program. The BEST program determined that TSS and Chlorophyll a explained 72% of the
variation in zooplankton abundance. Figure 8 depicts the DISTLM model of the relationship of TSS and Chlorophyll a on zooplankton densities
at the sites. The zooplankton densities at the peak superbloom site of Thousand Islands have a strong relationship with high chlorophyll a.
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Materials and Methods

Study Location
Superbloom samples were collected from three

locations within the Banana River in June 20, 2018. The

Thousand Islands area was in the peak bloom location

located near Cocoa Beach. A sample location near the

opening of Sykes Creek was utilized and a sampling

location south of the Pineda Causeway.

Control sites were sampled on June 29, 2018 within the

Mosquito Lagoon due to the presence of bloom

conditions in the Northern IRL and central IRL. Control

sites were located at Georges Bank, Channel Marker

6, and Cedar Creek.

Figure 1. Location of superbloom

and control sampling sites

Figure 2. Vertical zooplankton sampling tows Figure 3. Preserved superbloom

zooplankton samples. Skyes creek is in 

the front row. Thousand island is in the 

back right corner and Pineda is in the front 

right corner of the photo.

Polychaete larvae, K. Richard Snail larvae, K. Richard Barnacle cyprid, K. RichardCalanoid copepod K. Richard Crustacean nauplii, K. Richard Barnacle nauplii, 
K. Richard Tintinnid, Alchetron

Figure 4. Representative images of taxonomic groups of zooplankton identified 

from samples
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Zooplankton densities varied greatly within superbloom sites, with Pineda causeway clustering with control sites. Pineda was at
the southern end of the superbloom sampling area and was likely experiencing flushing with nearby basins, reducing the
superbloom impacts to the zooplankton. Skyes creek was also experiencing flushing from recent rainfall in the area which made
unique zooplankton densities compared to superbloom and control sites. Thousand Island samples were the major superbloom
samping area. Zooplankton in these samples had a strong correlation to chlorophyll a concentrations and total suspended solids.

This study demonstrated that the 2018 superbloom did not impact zooplankton homogenously within the Banana River and that
areas near Pineda did not demonstrate significant impacts from the bloom. This study was based on morphological identifcations,
and samples are currently being identified to lower taxonomic classifications and are undergoing genetic sequencing using sr18
genomic sequencing.

Conclusions


