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ABSTRACT 

Seagrass habitats are highly productive and ecologica ll y ri ch areas for estuarine fi sh and 
bird species. Among all the sources of stress to seagrass habitats, harmful algal blooms 
(HABs) are ranked in the highest category. HABs are a source of ecologica l disturbance 
that are thought to alter water quality (phys ical and chemical), species composition, and 
patterns of primary productivity in seagrass meadows. This project will investigate the 
ex tent to which red tide affects the local abundance and hab itat use of individual species, 
and composition of the fi sh and avian communi ties utilizing submerged aq uatic 
vegetation habi tats in Sarasota Bay. Data will be obtained by conducting seasonal 
surveys offish (purse seining) and bird communities (visual surveys) during periods of 
red tide and in the absence of red tide. Our study design wi ll include surveys of (1) 
fi shes, (2) birds, (3) K. brevis ce ll counts, and (4) water qua li ty (d issolved oxygen, 
salinity, temperature) . Surveys conducted in summer 2006 and winter 2006/2007 have 
been completed and preliminary data analys is performed. Abundance and diversity of 
fishes associated with the sea grass community rebounded following the major red tide 
disturbance of2005. A smaller red tide event began in early August 2006 and lasted until 
October. This red tide event appeared to coincide with increases in the local abundance 
of some bird (gull s) and fi sh (c1upeids) species, but al so corresponded with a decrease in 
fi sh diversity. This is the first annual report for thi s three-year project. Thus, results are 
preliminary. However, much progress has been made in the first year of the project and 
we are confident that our proposed methods will allow us to test a ll of the hypotheses 
outlined in the grant application. 
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INTRODUCTION 

Seagrass habitats arc highly productive and ecologically rich areas for wi ldlife 

(Heck et al. 2003). Florida's Comprehensive Wildlife Conservation Strategy li sts 

submerged aquatic vegetation (i.e. , seagrass) as a priority habitat with a statewide threat 

status of "Very High" and a condition of "Poor and Declining". Among all the sources of 

stress to seagrass, harmful algal blooms (HABs) arc ranked in the highest category. 

HABs are a source of ecological disturbance that are thought to alter water quality 

(physical and chemical), species composition, and patterns of primary productivity in 

seagrass meadows. 

Globally over the past 30 years, HABs have been becoming more frequent and 

widespread (Van Dolah 2000). In Florida, the most prevalent HAB is the red tide 

organism, Karellia brevis, a dinoflagellate that produces brevetoxins (Baden et al. 1989; 

Kirkpatrick et al. 2004). Brevetoxins are neurotox ins that can cause acute respiratory and 

neurologica l symptoms including death in marine mammals, sea turtles, birds, and fish 

(Gunter et al. 1948; Steidinger et al., 1973; Bossart et al. 1998; Foote et a l. 1998; 

Landsberg & Steidinger 1998, Kreuder et al. 2002; Flewelling et al. 2005). HABs can 

also increase biochemical oxygen demand, resulting in hypoxia or anoxia, and causing 

fi sh to die ora bandon habitat (Smith 1975; Paer! & Pinckney 1996; Paer! et al. 1999; Eby 

& Crowder 2002, 2004). 

The ecological impact of HABs on wi ld life communities is not well documented. 

Red tides are well known to cause episodes of high mortality among marine vertebrates. 

However, li tt le information exists on whether red tides have significan t effects at either 

the population or community level. This study aims to determine how red tide influences 



3 

the abundance and species composition of fish and sea birds uti liz ing seagrass habitats in 

Sarasota Bay, FL. It is impossible to develop effective management strategies when the 

exact nature ora problem is not understood. This project will quantify the level of threat 

that red tide poses to sea grass communities, which should infonn the management 

process. 

METHODS 

General Approach and Study Area 

We are attempting to understand how red tide affects the fi sh and bird 

communities found in seagrass habitats. To accomplish this, our research design includes 

seasonal (summer and winter) surveys of (1) fi shes, (2) birds, (3) K. brevis cell counts, 

and (4) water quality (dissolved oxygen, salinity, temperature). All four types of data are 

collected simultaneously at a minimum of20 sampling sites per field season (x 2 field 

seasons per year x 3 years = 120 samples) . Additional bird, water quality, and K. brevis 

surveys are conducted at another 40 sampling sites per field season. Finally, K. brevis 

cell counts and water quality are monitored every other week at 10 fixed stat ions, 

distributed throughout our study area (including all Gulf passes). Supplementing the 

sampling described here, Mote Marine Laboratory's Phytoplankton Ecology Program 

also mon itors K. brevis cell counts da il y at two sites in Sarasota Bay: New Pass and City 

Island Grass Flats. 

The study area encompasses the estuarine waters from Anna Maria Sound 

(27.5528° N / 82.7423° W) southward to Phillippi Creek (27.27096° N / 82.53757" W)o 

including the waters of Sarasota, Palma Sola, and Roberts Bays (Figure I). Selection of 
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sampling sites for bird and fish surveys uses a random sampling system developed with 

GIS, relational databases, and visual basic programming. Potential seagrass habitat to be 

sampled in the study area is identified from digi tized polygons obtained from FWC's 

biennial seagrass surveys. A samp li ng grid having 200 m x 200 m resolut ion is overlaid 

on the seagrass polygons in our study area. Grid cells 10 be sampled are chosen at 

random using a custom Visua l Basic program. Sampling sites are located at the centroids 

of each grid cell and are located in the field with a WAAS-enabled GPS unit (Garmin 

GPS Map 162). 

Water Q uality Measurements and Karell;a brevis Cell Counts 

Water quality parameters were measured at the surface and on the bottom at each 

sampling station using a YSI 85 multiprobe. The multiprobe was calibrated week ly. 

Surface water samples were collected to quantify K. brevis ce ll densities. Water samples 

were immediately preserved in Utennohl's so lution and stored in the dark at room 

temperature. Cell counts were perfonned in the laboratory us ing an inverted Olympus 

CK40 microscope. Protocols fo r water collection, preservation, and K. brevis 

enumeration fo llowed the methods of Lund et al. (1958), Soumia ( 1978), and Sell ner et 

aJ. (2003). 

Fish Sampling 

Fish surveys are carried out with a 183-m purse seine net. The methods used are 

similar to those used by the Fishery Independent Monitoring Program of the Florida Fish 

and Wi ldlife Conservation Commission (Wesse l & Winner 2003). The mesh size is 2.5-
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em (diamond), made from No.7 nylon twine. The net is symmetrica l (no bunt), and is 

6.6 meters deep. The cork line is 1.3-cm twisted polypropylene line with SBIO "can" 

floats spaced every 45 em. The [ootrore is a doubled, 39-kg leadcore line. The purse 

rings are 10.2-em stainless steel alpine clips attached to 91-cm of9.5-rum braided 

polypropylene line, which are fastened to the footrope at 2.8-m interva ls. The lead tom 

weight weighs 68 kg. The purseline is 366 m of 18-mm, non-rotat ing, 12-strand braided 

polytron. This purse se ine is used to capture all fi sh from the surface to the benthos when 

used in water depths between 0.4 and 4.0 meters (Sarasota Bay's maximum depth = 4 m). 

All fi sh and invertebrates captured in the net are identified to species and counted and up 

10 100 ind ividuals from each spec ies are measured from every deployment of the net. 

Relative densities of fi sh are measured by catch per unit effort (CPUE), or the number of 

fi sh captured in each standardized deployment of the net. 

Bird Sampling 

Boat- based point transect surveys arc conducted by two observers for 5-minute 

observation periods. Observers scan 360 degrees arou nd the boat and record individual 

bi rds to spec ies, location and activity. Foraging activity is noted and prey species are 

identified visually when possible. Relative abundance is calculated by sightings per unit 

effort (SPUE, the number of indiv idua l bi rds sighted within the 5-minutc sampling 

period). 

PROGRESS 

'Vater Quality Measurements and Karell ia brevis Cell Counts 
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To capture data at appropriate tempora l and spat ial scales, measurements of water 

quality (dissolved oxygen, salinity, temperature) and K. brevis cell counts were made 

under four independent sampling schemes, one supported by this grant and three 

supported by other sources. Water quality measurements and water samples for K. brevis 

cell counts were taken (i) simultaneously with every bird (n= 170) and fish (n=69) survey 

sample taken in the sea grass habitat during the summer of 2006, winter of 2007, and 

during June of2007 (the first month of the 4-month summer sampl ing season) ; (ii) al bird 

and fish sampl ing locations in six other habitats during the same time period (n=572); 

(iii) at each often regular monitoring stat ions spread throughout Sarasota Bay on a 

biweekly basis during the past year (n= 240); and (iv) at two monitoring sites in Sarasota 

Bay (New Pass Channel and City Island Grass Flats) that are sampled each weekday by 

Mote Marine Laboratory's Phytoplankton Ecology Program. The first sampling regime 

described above is supported by this grant, whereas the latter three are supported by other 

funding mechanisms. All cell counts were conducted within five days of water sample 

collection, using the same protocols, equipment, and personnel. 

Red tide cell counts were :::::5,000 cells/liter throughout June and July of2006. A 

red tide bloom reached Sarasota Bay on August 4, 2006 (Figure 3). From mid-August to 

early November, K. brevis cell counts were consistently > 100,000 cells/liter. The daily 

monitoring at New Pass conducted by Motc's Phytoplankton Ecology Program recordcd 

a maximum ce ll count of nine million ce ll s per liter. The three other red tide monitoring 

regimes associated with this project that spanned the entire Sarasota Bay study area 

revealed that the bloom was tempora ll y and spatially patchy (much more patchy than the 

daily monitoring at New Pass and City Island Flats would suggest), with a maximum cell 



count of8.9x 107 cells/liter. Cell counts peaked in early September and slowly 

diminished in the Bay, returning to levels below 5,000 cells/liter in November 2006. 

From November 15 , 2006 to June 30, 2007 ce ll counts have been ::;5,000 cells/ liter. 

Fish Sampling 
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Tables 1 and 2 show fi sh sampling effort. During summer 2006, a total of 39,405 

fish from 54 species were caught in 33 seine sets made in the sea grass habitat. During 

winter 2007, 24 se ine sets made in seagrass resulting in the capture of67 species and a 

mean CPUE (all species combined) of21 3.3. As seen from table 1, fi sh sampling has 

occurred in eight habitats every summer and winter since summer 2004. Sampli ng of 

additional habitats and years were covered by other funding sources. From summer 2004 

to wi nter 2007, 644 purse se ine sets have been made, which captured 179,572 fishes 

from 124 species. In the first month of the 2007 summer season (June 1-30, 2007), 12 

se ine sets were made in seagrass habits and 24 sets were made in the other habitats. 

Sampling for the 2007 summer season is currently underway and will continue until 

September 30. 

Overall CPUE (a ll species combined) in the seagrass was significantly lower 

during the summer of2005 than it was in the summers of2004 and 2006 (one way 

ANOYA: df~2,70, F~ 13.91 , P<O.OI). Overall CPUE was also lower in the seagrass 

during red tide than non-red tide periods (red tide samples were defined as all se ine sets 

made with in a month following any cell count ~ IOO,OOO cells/liter anywhere in the study 

area) (t- test: df=71 , t=-3.32, P<O.O 1). Combining data from the summers of2005 and 

2006, we found that there were no significant correlations between Karenia brevis cell 
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counts and any of the water quality parameters measured at the same time and location 

(Table 3). Likewise, there were no significant correlations between tota l CPUE and any 

water qual ity parameters measured at the time of seining. However, there was a 

stati stically significant negative correlation between tota l CPUE and K. brevis cel l count 

(Spearman rank correlat ion: 11=45, fs=·0.34, p=O.02). The average number of fish species 

captured per seine set was significant ly lower during red tide periods than non red tide 

periods in all habitats, including seagrass (Table 4). 

Bird Sampling 

A total of2477 individual birds were counted during the 2006 summer season 

between two survey vessels, RIV Lorry and RlV Fl ip. RlV Lorry conducted dedicated 

bird surveys. R/V Flip, the fish sampling vessel, was used as a vessel of opportunity to 

co llect data on birds during fish sampling trips. R/V Flip conducted 30 bird surveys over 

23 days, representing 749 individual birds and 283 observations. The "sighting per unit 

effort" was 9.43 ± 5.53 observations per station and 24.97 ± 44.29 birds per station, 

respectively. R/V Lorry conducted 61 bird surveys over 18 days, representing 1727 

individual birds and 1024 observations (F igure 6). The "sighting per un it effort" was 

16.79 ± 10.91 observat ions per station and 28.3 1 ± 35.79 birds per stat ion, respectively. 

In total there were 19 different species or taxonomic groups of bird represented in the 

surveys. The most abundant bird species were laughing gulls (Larus atricifla), and 

brown pe licans (Pelecanlls occidelltalis) (Table 5). 

A total of 3624 individual birds were counted during the 2007 winter season 

between two survey vesse ls, R/V Lorry and R/V Flip. R/V Flip conducted 22 bird 
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surveys over 16 days, representing 270 individual birds and 122 observations. The 

"sighting per unit effort" was 5.55 ± 3.67 observations per stat ion and 12.27 ± 20.47 

birds per station, respect ively_ R!V Lorry conducted 94 bird surveys over 29 days, 

represent ing 3354 individual birds and 1146 observations. The "sighting per unit effort" 

was 12.06 ± 7.63 observations per station and 35.3 1 ± 45 .69 birds per station, 

respecti ve ly. In total there were 40 different species or taxonomic groups of bird 

represented in the surveys. The most abundant bird species were laughing gulls (Lams 

atricilla), and double-crested comlOrants (Phalacrocorax allri/us). Bird spec ies present 

during the winter season included migrat ing species such as the American whi te pelican 

(Pelecallils elythrorhYllchos), Merganser sp. (Mel1JlIs sp.), Common loon (Cavia immer) , 

and Forster's tern (StemaJorsteri). 

Total bird counts were analyzed for differences before and after red tide entered 

the bay on August 4, 2006. For RN Flip, 14 stations were sampled prior to August 4th 

and 16 stations were sampled subsequent to August 41h. Overa ll sightings per unit effort 

changed fro lll 10.64 ± 7.85 birds per station before August 4th to 37.50 ± 58. 14 birds per 

station after August 41h (Mann-Whitney test, p=OA). For RlV Lorry, 41 stations were 

sampled prior to August 41h and 19 stations were sampled subsequent to August 41h . 

Sighlings per unit effort changed from 21.98 ± 27.85 birds per station before August 4th 

10 42.79 ± 47. 14 birds per station after August 41h (Mann-Wh itney test, p=0.02). 

A total of2477 indi vidual birds were counted during the summer season between two 

survey vessels, RlV Lorry and RlV Flip. RN Lorry conducted dedicated bird surveys. 

RN Flip, the fi sh sampling vessel, was used as a vessel of opportunity to collect data on 

birds during fi sh sampling trips. RN Flip conducted 30 bird surveys over 23 days, 
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representing 749 indiv idual birds and 283 observations. The "s ighting per unit etTort" 

was 9.43 ± 5.53 observations per station and 24.97 ± 44.29 birds per station , respect ive ly. 

R!V Lorry conducted 61 bi rd surveys over 18 days, representing 1727 individual birds 

and 1024 observat ions (Figure I). The "sigh ting per unit effort" was 16.79 ± J 0.9 1 

observat ions per station and 28.31 ± 35.79 birds per station , respectively. In total there 

were 19 different spec ies or taxonomic groups of bird represented in the surveys. The 

most abundant bird species were laughing gull s (Lants Qrricilla) . and brown pel icans 

(PelecQllus occidelllalis) (Table 5). 

PLANS 

Observat ional fie ld studies on the ecological effects of di sturbance phenomena 

require long time seri es of data. This annual report covers the first year of a 3-year 

project. The current fi eld season will cont inuc until September 30, 2007. We will then 

have two more winter fie ld seasons (2008 and 2009) and one more summer season (2008) 

to conduct under the current grant . Final ana lyses will be pcrfonned at the conclusion of 

thi s project when wc will have fi sh data from 5 years and bird data from 3 years. 

However, preliminary analyses of the effects of red tides on the abundance offish and 

bi rds, and of potential changes to thc structure of the estuarine community have already 

begun. These preliminary analyses are intended to verify that our sampling and 

ana lytical methods are appropri ate for addressing the hypotheses identified in our original 

proposal. The bird portion of the project will be comprise a portion of Dr. Fauquier's 

Ph.D. research. 
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Table I . Purse sein ing effort in Sarasota Bay, Florida conducted to investigate the effects 
of red tide on the fish community. Number of field days and number of purse seine sets 
(in tota l and by habitat) are shown for each summer and winter fi eld season from 2004 to 
2007. 

Field Days 

Seine Sets 

Seagrass 

Mangrove 

Unvcgetated (Sand) 

Open Bay 

Pass 

Channel 

Shallow Gulf 

Deep Gul f 

Summer 
2004 

30 

81 
16 

13 

10 

18 

I 

7 

13 

3 

Winter 
2004-
2005 

31 

82 
21 

19 

13 

16 

0 

3 

7 

3 

Summer 
2005 

40 

141 
24 

26 

19 

23 

5 

II 

15 

18 

Winter 
2005-
2006 

35 

105 
19 

12 

27 

13 

8 

11 

14 

Summer 
2006 

43 

134 
33 

2S 

24 

30 

0 

11 

10 

Winter 
2006-
2007 

33 

101 
24 

16 

17 

18 

0 

3 

8 

15 

Total 

212 

644 
137 

111 

110 

118 

7 

33 

6S 

63 
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Table 2. Tota l number of fi sh species captured, total number of fishes captured, and the 
subset of fi sh that were counted and measured, and subset of fi sh that were counted only 
for each fie ld season from summer 2004 to winter 2007 during purse seine survey of 
Sarasota Bay, Florida. 

No. No. No. 
No. Measured Counted Total 
S2ecies Fish Fish Fish 

Summer 
2004 89 10,090 15,026 25, 116 

Winter 
2004-
2005 73 7,592 12,293 19,885 

Summer 
2005 55 9,054 12,474 21,528 

Winter 
2005-
2006 58 6,606 6,831 13,437 

Summer 
2006 77 22,399 54,687 77,086 

Winter 
2006-
2007 67 8,667 13,853 22,520 

Total 124 64,408 11 5,164 179,572 
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Table 3. Spearman rank correlat ion coeffic ients for Karenia brevis cell counts 
(cells/liter) and water quality parameters (dissolved oxygen, temperature, and salinity), 
overa ll catch per uni t effort and water quality parameters, and catch per un it effort and K. 
brevis ce ll count from purse seine surveys of seagrass beds in Sarasota Bay during 
summers of 2005 and 2006. 

n r, p 

K. brevis vs. D.O. 48 0.07 0.65 

K. brevis vs. Temp. 48 -0.14 0.36 

K. brevis vs. Salinity 48 -0.09 0.52 

CPUE vs. D.O. 50 0.25 0.09 

CPUE vs. Temp. 50 0.07 0.64 

CPUE vs. Salinity 50 -0.02 0.90 

CPUE vs. K. brevis 45 -0.34 0.02 
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Table 4. Mean number of fish species caught per seine set by year and by red tide vs. 
non-red tide during the summers 0[2004-2006 in five habitats within the Sarasota Bay 
study s ite. Average number of species caught in summer 2005 was significant ly lower 
than the average for either 2004 or 2006 in each habitat (one-way ANOVAs and Tukey's 
post-hoc tests, p<O.05). Average number of spec ies caught per se ine during red tide 
periods was significantly lower than during non-red tide periods for each habitat (t-tests, 
p<O.OS) 

2004 

Mangrove Mean 11.23 

S.D. 2.65 

G ulf Mean 5.19 

S.D. 3.25 

Open Bay Mean 12.28 

S.D. 4.28 

Sandfl at Mean 10.90 

S.D. 4.75 

Sea grass Mean 15.38 

S.D. 4.91 

2005 2006 

4.S0 11.88 

2.75 4.56 

2.52 4.38 

1.62 3.06 

2.09 9.03 

1.78 3.21 

4.1 1 9.38 

2.28 2.89 

6.04 13.42 

4.20 5.0 1 

Non-Red 
Tide 

11.93 

2.91 

5.48 

2.83 

11.44 

4.02 

10.10 

3.71 

15.38 

4.62 

Red Tide 

6.43 

4.93 

2.56 

2.02 

4.46 

3.S5 

6.25 

3.77 

7.97 

4.99 
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Table 5. Relat ive abundance of birds in seagrass habitats of Sarasota Bay during summer 
2006, 
A. RN Lorry (dedicated bird surveys) 
Species 
Laughing gull , Larus atricilla 
Brown pelican, Pelecanus occidenta/is 
Sandwich tern, Sterna sandvicensis 
Double~crested cormorant, Phalacrocorax auritus 
Sterna sp. 
Larus sp. 
Great egret, Andea alba 
Royal tern, Sterna maxima 
Least tern , Sterna antillarum 
Great blue heron, Ardea herodias 
White ibis. Eudocimus afbus 
Corvus sp. 
Little blue heron, Egretta caerulea 
Osprey, Pandion haliaetus 
Magnificent frigatebird, Fregata magnificens 
Snowy egret, Egretta thula 
Black skimmer, Rynchops niger 
Belted kingfisher, Ceryle a/cyan 
Egretta sp. 

B. RN Flip (opportunistic bird surveys) 
Species 
Brown pelican, Pelecanus occidentalis 
Laughing gull, Larus atricilla 
Larus sp. 
Sterna sp. 
Double-crested cormorant, Phalacrocorax auritus 
Great egret, Andea alba 
Least tern , Sterna antillarum 
Sandwich tern, Sterna sandvicensis 
Royal tern, Sterna maxima 
Magnificent frigatebird, Fregata magnificens 
Great blue heron, Ardea herodias 
Snowy egret, Egretta thula 
Corvus sp. 

SPUE 
8.68 
8.10 
2.62 
2.25 
2. 13 
1.62 
0.97 
0.68 
0.62 
0.20 
0.17 
0.15 
0.13 
0.07 
0.05 
0.05 
0.03 
0.02 
0.02 

SPUE 
8.83 
5.37 
3.40 
3.33 
1.70 
0.57 
0.57 
0.47 
0.30 
0.20 
0.13 
0.07 
0.03 
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Figure I. Bird survey sampling sites in seagrass habitats of Sarasota Bay and adjacent 
estuarine waters during summer 2006. 
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