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Indian River County includes 22.4 miles of beaches extending from the northern county line at Sebastian Inlet to Round Island Park to the south.  Sectors 1 and 2 encompass the northernmost stretches of beach from Sebastian Inlet to FDEP Range Monument R-19.  A nourishment project was conducted by ATM in 2007 to replace material lost during Hurricanes Frances and Jeanne in 2004.The nourishment was conducted in 2 phases.  In Phase 1, approx. 100,000 cubic yards of sand were placed above the MHWL from FDEP Range Monument R-4 to R-12.  Phase 1 was completed in April 2007.In Phase 2, approx. 158,000 cubic yards of sand were placed from R-8 to R-17.  Phase 2 was completed in December 2007.



Nearshore Hardbottom Resources 

Photo IRG
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CSA International, Inc. was contracted by Applied Technology and Mangement, Inc. to conduct pre and post-construction biological monitoring of nearshore hardbottom habitats in Sectors 1 & 2 in relation to the beach nourishment.Nearshore hardbottom in Indian River County may be described as a series of shore-parallel ridges of sabellariid worm reefs and Anastasia formation rock outcrops which extend from the intertidal zone to a depth of approximately 10 m.  Hardbottom in IRC extends to approximately 2,000 ft. offshore.  Indian River County contains an estimated 3,740 acres of nearshore hardbottom habitat.Macroalgae is the dominant epibiota and primary producer of the nearshore hardbottom community.  Macroalgae is directly consumed by herbivorous fish, urchins, various crustaceans, and endangered juvenile Green turtles.Not only do the NHB reefs in IRC support a diverse biological community, they also help dissipate wave energy and contribute to shoreline stability.



Embedded Video Clip of Nearshore Hardbottom
in Indian River County 

- Removed 
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I’d like to play a short video clip filmed this summer from one of our monitoring transects to give you an idea of what the nearshore hardbottom community looks like.  This video was filmed at 125 m offshore at a depth of approximately 15 ft.



Phase 1

Phase 2
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For monitoring purposes, ten permanent cross-shore transects were established from the landward edge of hardbottom approximately 150 m east.  Eight transects were located within the fill area from R-4 to R-17 2 reference transects were located to the south at R-19.5 and R-22.  



Monitoring Methods

• Nearshore & Offshore segments 
(20 m length each)

• Digitize video and create       
non-overlapping still frames

• Analyze each frame using point 
count method

I.  Quantitative Video
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Per the State-approved biological monitoring plan, we used 2 different sampling methodologies to determine percent cover of benthos.The first method was quantitative video transects.  Video data were collected along 2 20-m segments of each transect at a camera height of 25 cm above the seafloor.  The nearshore segment was located in the extreme nearshore zone (0-20m) and the offshore segment fell within a 20m interval between 40 and 120 m.  Video data were digitized and non-overlapping still frames were created.



Point Count Analysis
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Those frames were then imported into the software program CPCe, which uses the random point count method to estimate percent cover of benthic biota and substrates.A total of 25 random points was projected on each frame and each point was identified to lowest possible taxonomic group or substrate type. Approximately 95 frames from each 20-m segment were analyzed, for a total of ~2000 frames per survey year.



Monitoring Methods

• 10 quadrats per transect at fixed 
locations

• Visual estimates of percent 
cover of macroalgae, fauna, and 
substrates

• Nearshore = 0-40m
Offshore = >40m

I.  In-Situ Quadrat Sampling
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In the second sampling method, quarter-meter gridded quadrats were sampled in situ at fixed locations along each transect. Biota were identified to lowest possible taxon and percent cover was visually estimated within each quadrat.Quadrats were averaged into nearshore (0 to 40 m) and offshore (>40 m) groups for each transect.



Multivariate Statistical Analyses
H01: No significant difference in the composition of the macroalgal

community  among surveys.

H02: No significant difference in the composition of the macroalgal
community  between Primary and Reference (Nearshore and 
Offshore) areas.

Construct Bray-Curtis similarity matrices (Primer 6.1.6)

Apply multi-dimensional scaling 
(MDS) and cluster analysis

Run similarity percentage 
routines (SIMPER). 

Run analysis of similarities 
(ANOSIM)
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Multivariate statistical analyses were performed for each video and quadrat data using PRIMER,  to investigate the following null hypotheses:Construct Bray-Curtis similarity matrices to compare macroalgal composition and proportional cover among surveys and within various study areas.Testing null hypotheses with ANOSIM using 5,999 permutations of the data.Performed similarity percentage routines (SIMPER) when significant differences were found in order to determine presence and/or proportional cover of taxa responsible for differences.Used MDS and cluster analyses to visualize patterns in the data that may provide additional support to the ANOSIM test.



Results -Taxonomic Richness
• 33 genera and 27 species have been identified to date.

Taxa
2007 2008 2009

Video Quadrat Video Quadrat Video Quadrat

Chlorophyta 6 4 8 6 6 6

Phaeophyta 3 4 5 4 5 3

Rhodophyta 7 13 14 19 12 14

Turf 1 1 1 1 1 1

Total 17 22 28 30 24 24
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Within three years of monitoring we have positively identified 33 genera and 27 species of macroalgae in Sectors 1 & 2.  When we look at taxonomic richness, we see higher values for the first two surveys were obtained from quadrats, which you might expect since identifications were performed in the water.Peer-reviewed literature regarding macroalgae in this area is extremely sparse.  Most of the data I’ve found regarding marine algae in this area comes from turtle foraging studies.  A study by Gilbert in 2005 within Sectors 1&2 found a total of 26 genera and 9 species.  



Photo – D. Snyder

Common Taxa
Caulerpa prolifera
Caulerpa spp.
Cladophora prolifera
Ulva spp.

Agardhiella subulata
Botryocladia occidentalis
Bryothamnion seaforthii
Gelidiopsis planicaulis
Gracilaria spp. 
Hypnea spp.
Laurencia spp. 

Sargassum platycarpum
Spatoglossum schroederi
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Here is a list of the most common macroalgal species found in Sectors 1 & 2 over the last 3 years.Foraging studies of juvenile Green turtles in Indian River County by Holloway-Adkins, 2001 show that approximately 80% of their diet consists of red algae.



Preferred Species?

Photo - IRG

Algae  photos from Litter, Litter, and Hanisak, 2008

Bryothamnion seaforthii

Laurencia poiteaui
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Her study also showed turtles in Indian River County were consuming large amounts of Bryothamnion seaforthii and Laurencia poiteaui.Both of these are common species in Indian River County, with Bryothamnion seaforthii  being the most dominant red algae among all surveys.We want to keep a close eye on these species as they have implications for in green turtle habitat management and conservation.



0

10

20

30

40

Turf

Unidentified

Rhodophyta

Pheaophyta

Chlorophyta

Results - Video 

0

10

20

30

40

2007 2008 2009

Offshore

Pe
rc

en
t C

ov
er

 (%
)

Nearshore

Presenter
Presentation Notes
Here I’ve graphed percent cover contributions by the various macroalgal divisions each year.Note that the proportional contributions by macroalgal divisions are similar between nearshore and offshore areas within the same year.  You’ll notice overall percent cover of macroalgae has substantially increased since the baseline survey in 2007 in both nearshore and offshore areas.  In 2007 and 2008 proportional contributions by division were fairly similar, with domiance by Rhodophyta, followed by Phaeophyta, etc.However in 2009 we saw a large proportional increase in turf algae and Chlorophyta.  The increase in Chlorophyta was driven almost entirely by one species, Caulerpa prolifera, especially in the nearshore area.The increase in turf algae, and subsequent decrease in larger, canopy-forming red and brown algae may have been related to increased percent cover of sand from 2008 to 2009.  Turf algae quickly colonize hardbottom periodically covered and uncovered by sand and may better survive in areas with higher sedimentation.
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However, when we look at our quadrat data, overall percent cover of macroalgae decreased in both nearshore and offshore areas from the baseline study in 2007 to 2009.  Again, note the similarity in composition between nearshore and offshore areas with the same year, and we see less variability in our composition among surveys compared to video data.We do see some proportional fluctuations, with a higher contribution by turf in the nearshore area in 2008, and higher contribution by Chlorophyta in both nearshore and offshore areas in 2009, again due to increased abundance of Caulerpa prolifera.



Results - Video Data

Community Composition - ANOSIM
• Project = Reference 

• Nearshore ≠ Offshore 
(R = 0.119, p = 0.017)

• 2007 = 2008

• 2007 ≠ 2009 (R = 0.385, p = 0.0002)

• 2008 ≠ 2009 (R = 0.457, p = 0.0002)

Presenter
Presentation Notes
It’s important to note that when we look for differences within the macroalgal community structure, our tests are taking into account both presence and absence of various species and also proportional percent cover of each species.  A two-way ANOSIM was performed to test our null hypotheses and examine potentially significant differences among study areas and survey year.  We we look at study areas within the larger project area, we found no significant difference among primary and reference areas.  However, we did see a statistically significant difference between nearshore and offshore areas.  You would expect this based on variations in the habitat.  But, although we see a significant p value, our R statistic is low, which suggests the difference is weak.  And remember from the previous graphs, the nearshore and offshore areas showed similar proportional cover by division.  When we look at differences among years, 2009 was significantly different from both 2007 and 2008.  Note the higher R statistics.



Compositional Differences - SIMPER

Results - Video Data

2009

2007 Turf Algae, Caulerpa prolifera, Bryothamnion seaforthii (2009)

2008
B. seaforthii, Spatoglossum schroederi. Sargassum platycarpum (2008)

Caulerpa prolifera ,Turf Algae (2009)

Offshore

Nearshore
Caulerpa prolifera and Turf Algae (nearshore)

Bryothamnion seaforthii (offshore)
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So what is driving these significant differences?  We can run an analysis in PRIMER that tells us the taxa most responsible for differences among groups.  However use caution as these tests are extremely sensitive.SIMPER results showing taxa responsible for significant differences among areas and years.  Higher proportional cover by a certain species in a given area or year is denoted by that area or year in parenthesis.  SIMPER results showed the difference between nearshore and offshore areas was largely driven by higher proportinal percent cover of Caulerpa prolifera and turf algae in the nearshore area and lower proportional percent cover of Bryothamnion seaforthii in the offshore area.  



Video Data - Year
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We we look at our samples by year, we see a little better clustering.  Notice that all the 2009 data located within the same cluster, and the majority of the 2007 samples are in another cluster.  So this lends support to the results of our ANOSIM test, which said that there were significant differences between certain years.



Results - Quadrat Data

Community Composition - ANOSIM
• Project = Reference

• Nearshore = Offshore

• 2007 ≠ 2008 (R = 0.218, p = 0.009)

• 2007 ≠ 2009 (R = 0.202, p = 0.001)

• 2008 ≠ 2009 (R = 0.338, p = 0.001)
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Significant difference between all survey years.



Compositional Differences - SIMPER

Results - Video Data

2007 2009

2007
Turf Algae, Caulerpa prolifera,

Gracilaria mammillaris (2009)

2008
Caulerpa prolifera (2007)

Turf Algae and B. seaforthii (2008)

Spatoglossum schroederi, Sargassum
platycarpum, and B. seaforthii (2008)

Caulerpa prolifera (2009)
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SIMPER results showing taxa responsible for significant differences among years.  Higher proportional cover by a certain species in a given year is denoted by the year in parenthesis.  



Quadrat Data -
Year
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Note separation of samples by year.  Clustering shows some overlap, indicating similarity of samples.  Relatively good separation by year, more apparent in the dendrogram.



• Annual variations in the macroalgal community are stronger than 
spatial variations.

• Fluctuations in proportional percent cover of several dominant 
species driving differences among surveys (Turf algae,                 
B. seaforthii, C. prolifera). 

• Taxonomic richness among surveys is similar.

• Turtle favorites Bryothamnion seaforthii and Laurencia poiteaui
are common in Sectors 1 & 2.  Monitoring these species may be 
important for juvenile Green turtle habitat management and 
conservation. 

• No significant difference between project and reference areas. 

Conclusions
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Sea turtle monitoring data by IRG for this project also saw no difference between project and reference areas.  



Acknowledgments
Karen Holloway-Adkins, ECB
James Gray – IRC
Applied Technology & Management, Inc.
Inwater Research Group, Inc.
David Snyder, CSA


	Monitoring Potential Changes in Macroalgal  Communities on Nearshore Hardbottom Habitats Following Beach Nourishment in Indian River County, Florida�
	Slide Number 2
	Nearshore Hardbottom Resources 
	Slide Number 4
	Slide Number 5
	Monitoring Methods
	Point Count Analysis
	Monitoring Methods
	Multivariate Statistical Analyses
	Results -Taxonomic Richness
	Common Taxa
	Preferred Species?
	Results - Video 
	Results - Quadrat 
	Results - Video Data
	Results - Video Data
	Slide Number 17
	Results - Quadrat Data
	Results - Video Data
	Slide Number 20
		Conclusions
	Acknowledgments

