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ABSTRACT: Seagrasses are important to estuarine health, influencing physical, chemical and

biological environments of coastal waters. Seagrasses stabilize sediments, filter nutrients, and provide

habitat for estuarine organisms. Understanding seagrass distribution and trends relative to freshwater

input aids resource management. From 1996–2009, hydroacoustic technology was used to assess spatial

and temporal fluctuations in seagrass coverage of the Caloosahatchee River Estuary relative to annual

rainfall. Three estuarine areas, with different salinity regimes and species composition, were monitored

three times a year for percent seagrass coverage and plant height. Sampling was performed at the

beginning (spring), middle (summer), and end (fall) of the seagrass growing season. Results showed

that seagrass percent coverage, percent volume infestation and plant height increased with distance

downstream. All three parameters were greatest in summer, intermediate in fall and lowest during spring

months. Annual rainfall influenced seagrass abundance differently. During average and wet years,

seagrass measurements were greatest in summer, while in dry years measurements were similar in

summer and fall. Study results indicated that seagrasses in the Caloosahatchee River Estuary are

sensitive to inter-annual changes in rainfall. While there is considerable year to year variation, seagrass

coverage has been relatively stable over the 13 year study period.
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SEAGRASSES play an important part in the health and well-being of aquatic

ecosystems. Seagrasses influence the physical, chemical and biological

environments of coastal waters by stabilizing sediments, buffering or filtering

nutrient and chemical inputs to the system, and by providing habitat, refugia,

and food to many stages of estuarine organisms (Diaz et al., 2004; Zieman and

Zieman, 1989). The services seagrasses provide also play an economic role in

the support of coastal ecosystems. Nutrient cycling provided by seagrasses had

an estimated global value of $19,000 ha21yr21 in 1994 (Conservation

International, 2008), and in 1998, Monroe County Florida reported an

estimated 53 million dollars in total revenue of commercial and recreational

fisheries, for seven seagrass-dependent species (Green and Short, 2003).

Globally, seagrass is waning at an alarming rate (Pulich and White, 1991;

Waycott et al., 2009). Fifty-eight percent of the world’s seagrass beds are in a

state of decline, while twenty-nine percent of the known areal extent has
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disappeared since 1879 (Fourqurean et al., 2009). Many areas have attributed

declines in seagrass abundance and distribution to changes in freshwater

delivery to estuarine systems. For instance, alterations in freshwater inflow

resulting from watershed development and water management practices have

affected salinity and water quality within southwest Florida estuaries (Carlson

et al., 2010; Keener et al., 2010; Schmidt et al., 2006). In turn, changes in

salinity and other water-quality parameters affect the composition, distribution

and abundance of seagrass in these systems (Greenawalt-Boswell et al., 2006;

Corbett and Hale, 2006; Doering et al., 2002).

The Caloosahatchee River and Estuary, located on the southwest coast of

Florida, are part of the larger Charlotte Harbor system (FIG. 1). Input to the

Caloosahatchee River flows come from three main sources, Lake Okeechobee, the

C-43 watershed, and the Caloosahatchee River Estuary tidal basin. Depending on

the period of record considered, contributions from the C-43 watershed can range

from 44–52%, while contributions from Lake Okeechobee and the Caloosa-

hatchee River estuary tidal basin can range from 17–31% and 24–32% respectively

(SFER 2012). The influence of these annual flows on salinity and water quality

extend beyond the Caloosahatchee Estuary into the adjacent waters of San Carlos

Bay and Pine Island Sound (Doering and Chamberlain, 1998).

There are four predominant species of seagrass found in the Caloosa-

hatchee system, distributed along the salinity gradient from the head of the

estuary out into San Carlos Bay and Pine Island Sound. The salt-tolerant

freshwater species, Vallisneria americana (Michx) (tape grass) grows in the

upper estuary (Doering and Chamberlain, 1999). The freshwater tolerant

marine species Halodule wrightii (Ascherson) (shoal grass) is found from the

lower Caloosahatchee Estuary into Pine Island Sound (Doering et al., 2002).

The more obligate marine species Thalassia testudinum (Banks ex Konig)

(turtle grass) and Syringodium filiforme (Kutzing) (manatee grass) are found in

San Carlos Bay and Pine Island Sound. Salinity and other water quality

requirements of seagrasses have been used to establish water quality targets

(Corbett and Hale, 2006) for the entire Charlotte Harbor estuary system and

freshwater inflow limits (Doering et al., 2002) for the Caloosahatchee River.

Monitoring the resources (e.g. seagrass) upon which environmental targets are

based is key to verifying the validity of these targets (Chamberlain et al., 2009).

The three methodologies for characterizing and monitoring seagrass are

physical, off-water remote and on-water remote. Established manual

techniques (physical) are labor-intensive and generate observations of very

limited spatial extent. Off-water remote techniques, such as aerial imagery,

provide large synoptic assessments of spatial patterns but are highly dependent

on uncontrollable environmental factors. On-water remote techniques include

boat-based methods using optical or hydroacoustic sensing devices not in

direct contact with the vegetation (Sabol et al., 2002; Winfield et al., 2007).

Here we report the results of thirteen years of monitoring seagrass in the

downstream portion of the Caloosahatchee system (1996–2009), using a

hydroacoustic technique (Sabol et al., 2002; Chamberlain et al., 2009).
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FIG. 1. Study area within the Caloosahatchee River Estuary. Lines delineate the breaks

between Area 2 (the Lower Caloosahatchee River (LCR)) and Area 3 (San Carlos Bay (SCB)) and

between Area 3 and Area 4 (Pine Island Sound (PIS)). Circles mark the approximate location of

each reach sampled within each area (R3–R8).

No. 2 2013]
ORLANDO ET AL.—EFFECT OF RAINFALL ON SEAGRASS IN

CALOOSAHATCHEE RIVER 109



Chamberlain et al. (2009) compared this technique to traditional manual

monitoring and found that in the Caloosahatchee River Estuary seagrass

density and canopy height were similar between the two methods.

In this study we relate spatial and temporal variations in seagrass coverage

to variation in annual rainfall (i.e. average, dry and wet). We expect seagrass

coverage, percent volume infestation and plant height to decrease in wetter
years due to lower salinity and increased light attenuation.

METHODS—Hydroacoustic sampling—Hydroacoustic sampling procedures used in this study

have also been used by Sabol et al. (2002) and Chamberlain et al. (2009). Equipment used in data

collection was the same used by Sabol et al. (2002) and described in the aforementioned publication

as a ‘‘boat-based system, referred to as the Submersed Aquatic Vegetation Early Warning System

(SAVEWS)’’. The system used in this study consisted of a Biosonics DT4000 digital echo sounder

(Biosonics, INC., Seattle Washington; Acker et al., 1999) and a Leica differentially corrected GPS

linked to a Panosonic Toughbook PC. Monotone pulses or pings are generated by the 420-kHz, 6-

deg single-beam transducer (echo sounder). The rate and duration of the pings is set by the user,

which we set as 5 pings s21 and 0.1 ms respectively, the commonly used settings. Return echoes are

digitized at high frequency and dynamic range and the resultant data were stored on the Panosonic

Toughbook hard drive. GPS position reports (latitude and longitude) are recorded at a slower rate

(0.5 to 1.0 reports s21) and interspersed throughout the data. Horizontal accuracy of the GPS is

approximately 5 m (Logsdon, 1992).

Sampling locations—Study sampling locations are shown in FIG. 1. Three areas (with 2 sites or

‘‘reaches’’ per area) within the Caloosahatchee River Estuary were sampled along a salinity

gradient ranging from moderately mesohaline sites with only Halodule wrightii, to euryhaline sites

containing a mix of seagrass species, including Thalassia testudinum, Halodule wrightii, and

Syringodium filiforme. Although sites contained a mix of seagrass species the Biosonics equipment

cannot differentiate between species so all seagrasses were lumped together. Each area/reach was

located in the general vicinity of long-term South Florida Water Management District seagrass

monitoring stations sampled using the physical method (Chamberlain and Doering, 1998a;

Chamberlain and Doering, 1998b).

Each reach consisted of 10 parallel transects running perpendicular to shore. Transects were

spaced 50 meters apart and varied in length between 100 and 425 meters. Sampling consisted of

slowly (3–5 km hr21) driving the boat (transducer attached) along each transect using the GPS for

navigation. Transects were generally sampled around high tide (63 hrs.) to minimize danger of

damaging the transducer, the sea bottom, or grounding the boat.

Sampling period—During 1996–2009, sampling was performed, with some exceptions, at the

beginning (spring), middle (summer) and end of the growing season (fall) (TABLE 1).

Data processing—At the end of each sampling day, data collected from SAVEWS (one DT4

file per transect) was post processed through EcoSAV, a program developed by Biosonics

specifically for this purpose. EcoSAV transforms the DT4 files into ODF files. The ODF files along

with tidal information taken before and after sampling each reach, were then processed through

another Biosonics program called Finalize in which bottom depth is corrected to MLW and the

ODF files become one CSV file. This post processing procedure associates all data (water depth,

plant height and plant percent coverage) with a reach number, transect number and state plane

coordinates. The CSV file was than saved as an excel file for easy manipulation/analysis of the data.

Due to limits of the equipment, data was sorted by bottom depth and all depths shallower

than 0.5 meters and deeper than 2.1 meters were deleted (BioSonics, 2004). Elimination of data in

this way did not present a problem since seagrass in the Caloosahatchee has historically occurred in

areas less than 2 meters deep. Of the 285,560, data points collected over the 13 year period 26,385
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(9.2%) points were deeper than 2.1 meters while 25,516 (8.9%) points were less than 0.5 meters

deep. Of these 51,901 points only 14,278 (5% of total) were reported to contain seagrass. Since

limitations of the equipment put the validity of these out of bounds points in question, they were

deleted. Also, when multiple records of the same latitude and longitude occurred, the data were

considered spurious and were deleted.

Data analysis—The analysis of hydroacoustic data focused on percent seagrass coverage,

plant height, and percent volume infestation (PVI) or biovolume. PVI describes available habitat

(area of the water column filled by seagrass or the volume of biological habitat) for fish and

zooplankton communities (Werner et al., 1977; Schriver et al., 1995; Perrow et al., 1999). This

parameter was determined by dividing plant height by water depth and multiplying by percent

cover (Canfield et al. 1984, Schriver et al., 1995).

Averages for each parameter were calculated for each transect, and transects within reaches

were averaged to produce one observation per reach per survey.

Zero values were included when averaging the percent coverage since coverage is an area-

based measure. However, it is not accurate to include zero values when averaging height. Therefore,

when determining average plant height values along a transect, non-vegetated samples were not

included.

Effects of spatial and temporal variation on percent coverage, plant height and PVI were

evaluated using a mixed effect analysis of variance model. Factors were season (spring, summer, fall)

area (Lower Caloosahatchee, San Carlos Bay and Pine Island Sound) and reaches (2 reaches/area).

Season and area were considered fixed. Reach was considered to be a random factor. Significant main

effects and interactions were evaluated with contrast statements (p,0.05). Prior to analyses, the

dependent variable was ranked because the data and residuals violated the normality assumption.

The dependent variable was ranked from smallest to largest. Average ranks were assigned in case of

ties. After ranking the data, parametric ANOVA was performed on the data. This is analogous to a

Friedman type of analysis (Conover and Iman, 1981; Conover and Iman, 1976).

Rainfall—Effects of rainfall variation on seagrass within the study area were investigated by

dividing annual (January–December) total rainfall, into three categories (average, dry and wet).

TABLE 1. Calendar year associated with season and survey number. S represents survey. NA

designates months when surveys were not completed.

Year

Season

Spring Summer Fall

Date (Survey #) Date (Survey #) Date (Survey #)

1996 March 25–28 (S1) June 11–14 (S2) September 10–13 (S3)

1997 NA NA NA

1998 NA NA September 1–3 (S6)

1999 March 21–23 (S7) June 15–17 (S8) October 12–14 (S9)

2000 March 15–17 (S10) June 15–16 (S11) September 25–27 (S12)

2001 March 26–29 (S13) June 18–21 (S14) October 1–3 (S15)

2002 March 18–20 (S16) June 24–25 (S17) September 3–5 (S18)

2003 March 21–23 (S19) July 29–31 (S20) October 6–9 (S21)

2004 March 10–13 (S22) NA NA

2005 NA June 20–23 (S25) September 12–14 (S26)

2006 April 17–19 (S27) June 28–29 (S28) September 19–21 (S29)

2007 March 20–22 (S30) June 13–14 (S31) September 18–19 (S32)

2008 April 8–10 (S33) June 3–5 (S34) September 22–23 (S35)

2009 NA June 8–9 (S36) NA
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Categories were developed by ranking the average annual rainfall (area-weighted Nexrad data from

the South Florida Water Management District’s database DBHYDRO) over the period of record,

and then assigning the years in the top third wet, the years in the middle third average and the years

in the lower third dry (TABLE 2). Rainfall areas used in calculations were Tidal North, Tidal South,

Caloosahatchee Estuary, Telegraph Swamp and East and West Caloosahatchee Basins.

Each survey was assigned to a particular rainfall category. A mixed-effect analysis of variance

model was used to analyze ranked data. Fixed factors were season, area, and annual rainfall

categories. Significant main effects and interactions were evaluated with contrast statements

(p,0.05).

Long-term, monotonic trends in percent coverage, plant height and PVI in each of the three

regions were evaluated using the Seasonal Kendall Tau statistic (p,0.05) (Helsel et al., 2006). Data

from the two reaches within each region were averaged before testing.

RESULTS—While there is considerable year to year variation, Seasonal

Kendall Tau results suggest that seagrass coverage has been relatively stable

over the 13 year period of observation, particularly in the Lower Caloosa-

hatchee and San Carlos Bay. A slight declining trend may exist within the Pine

Island Sound sites, but only for percent volume infestation (FIG. 2).

Analysis of variance showed a significant difference (p,0.05) in percent

cover, plant height and PVI between the three areas (FIG. 3) and three seasons

(FIG. 4) (p 5,0.0001 for all). In general, percent cover, plant height, and PVI

were greatest in Pine Island Sound, lowest in the Lower Caloosahatchee, with

San Carlos Bay being intermediate. Percent cover, PVI and plant height tended

to be greatest in summer and lowest in spring. The interaction between area

and season was also significant (p,0.05) for all three of the above parameters

(p50.0061, p50.0071, p50.0041 respectively) (TABLE 3a).

The interaction between season and area was analyzed further with

contrast statements. While the general patterns seen for the main effect of area

held true for percent cover, plant height and PVI, in all seasons, differences

were not always statistically significant. For example, while the PVI in Pine

TABLE 2. Annual rainfall categories (average, dry, wet) in inches per year, associated with

survey number. S represents survey.

Inches of Rain Year Surveys

Dry # 49.9 2007 S30, S31, S32

1996 S1, S2, S3

2000 S10, S11, S12

2006 S27, S28, S29

Average . 49.9 and # 57.5 2009 S36

2002 S16, S17, S18

2004 S22

2003 S19, S20, S21

2001 S13, S14, S15

Wet .57.5 1998 S6

1999 S7, S8, S9

2008 S33, S34, S35

2005 S24, S25, S26
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FIG. 2. Time series plot showing changes in Percent Volume Infestation over the 13 year

study in Pine Island Sound (PIS).

FIG. 3. Mean percent seagrass cover, mean percent volume infestation (PVI) and mean plant

height by area (Lower Caloosahatchee River (LCR), San Carlos Bay (SCB), and Pine Island Sound

(PIS) for the 13 year period of record. Statistical analysis of seagrass cover, PVI and plant height by

area was run on ranked data. *Designates significance at p,0.05.
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Island Sound during summer was greater than PVI in San Carlos Bay during

summer, the difference was not statistically significant.

The second mixed ANOVA included an additional factor: annual rainfall

category (wet, dry or average). Annual rainfall category was statistically

significant for only percent volume infestations (TABLE 3b), although all three

parameters were greatest in dry years and lowest in average years (FIG. 5).

Percent cover, plant height and PVI all displayed the same trends between

areas (Pine Island.San Carlos Bay.Lower Caloosahatchee, though the

interaction of area X rainfall was not statistically significant (TABLE 3b).

Contrary to our spatial analysis, rainfall does seem to affect temporal

differences. Contrast statements were used to analyze the interaction between

season and annual rainfall category averaged over the 13 year period of record.

Results showed that during wet and average rainfall category years, plant

coverage, PVI and plant height during summer were significantly higher than

in either spring or fall, which were similar (TABLE 3b). In dry years, plant

coverage, PVI and plant heights in summer and fall were similar and greater

than spring.

DISCUSSION—The hydroacoustic technique for monitoring seagrass was

used in this study to assess spatial and temporal patterns in seagrass coverage,

plant height and percent volume infestation (PVI) in lower Charlotte Harbor.

There are many advantages for using the hydroacoustic technique for

FIG. 4. Mean seagrass cover, mean percent volume infestation (PVI) and mean plant height

by season (spring, summer, and fall) for the 13 year period of record. Statistical analysis of seagrass

cover, PVI and plant height by season was run on ranked data. *Designates significance at p,0.05.
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monitoring seagrass. The method is cost effective. Whereas the system used in

this study cost a one-time fee of approximately 25,000 dollars (compared to
50,000 dollars per sampling event for aerial photography), a junior system now

exists for 3,000 dollars (Sabol 2012). During a typical two day monitoring

event 2 people can collect upwards of 7,000 data points (several orders of

magnitude greater then by typical manual monitoring). The system can be used

in dark water which allows mapping of areas like that of the Caloosahatchee

River, where aerial photography is normally ineffective. Also the system can be

used in adverse weather conditions or in areas where putting divers in the water

may be dangerous. Sampling is not limited by time of day.

The two main disadvantages of the system are canopy heights ,7

centimeters cannot be detected and the system cannot distinguish between

seagrass species. As with aerial photography, changes in coverage can be

quantified but changes in species composition cannot. The finding that
seagrass coverage in the three sampling regions has been relatively stable over

the 13 year period, must not be interpreted to mean that species composition

has remained constant as well. For example, after the 2004 hurricane season,

degraded water quality eliminated a Syringodium filiforme bed in the Indian

River Lagoon. Although percent coverage estimates returned to pre-hurricane

conditions relatively quickly the bed endured years of successional changes (Halophila

decipens,Halophila johnsonii,Halodule wrightii) before returning to the a Syringodium

climax community (B. Orlando personal observation, Buzzelli et al., 2012).

The sampling frequency employed (3 times per year) and the fact that we

did not conduct regular, coincident water quality monitoring imposed

TABLE 3a. Percent seagrass cover, percent volume infestation (PVI) and plant height for area

(Lower Caloosahatchee River (LCR), San Carlos Bay (SCB), Pine Island Sound (PIS), season

(spring, summer, fall) and the interaction of area X season. Associated p-values for each effect and

parameter are included. Statistical analysis of seagrass cover, PVI and plant height by season and

area was run on ranked data. *Designates significance at p,0.05.

p,0.05 p,0.05 p,0.05
% Cover

(N) PVI (N)

Height

(N)% Cover PVI Height

Area ,0.0001* ,0.0001* ,0.0001* LCR 5.0 (64) 12.0 (64) 1.0 (64)

SCB 28.2 (63) 14.4 (63) 6.4 (63)

PIS 47.0 (63) 20.2 (63) 11.0 (63)

Season ,0.0001* ,0.0001* ,0.0001* Spring 16.7 (60) 2.8 (60) 13.5 (60)

Summer 36.7 (65) 8.8 (65) 17.7 (65)

Fall 25.8 (65) 6.4 (65) 15.5 (65)

Area x

Season

0.0061* 0.0071* 0.0041* LCR Spring 0.5 (20) 0.1 (20) 12.3 (20)

LCR Summer 10.0 (22) 1.9 (22) 12.7 (22)

LCR Fall 4.3 (22) 0.9 (22) 12.1 (22)

SCB Spring 10.9 (20) 1.9 (20) 12.4 (20)

SCB Summer 46.1 (22) 10.7 (22) 16.4 (22)

SCB Fall 25.9 (21) 6.3 (21) 14.3 (21)

PIS Spring 38.5 (20) 6.3 (20) 15.8 (20)

PIS Summer 54.7 (21) 14.0 (21) 24.5 (21)

PIS Fall 47.2 (22) 12.0 (22) 20.2 (22)
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additional constraints, limiting our study to an assessment of seasonal, inter-

annual and spatial variation. In addition the suite of possible explanatory

variables was also limited. While both high and low freshwater inflows from

the Caloosahatchee River are of particular concern (Doering et al., 2002;

Chamberlain and Doering 1998a; Chamberlain and Doering 1998b), we chose

to relate variation in seagrass parameters to variation in annual rainfall

patterns. Associating responses of seagrass to specific periods of high and low

freshwater inflow (and hence salinity) in the Caloosahatchee-San Carlos –Pine

Island region and in other systems as well, is often based on more frequent

sampling and interpretation of results is enhanced by coincident water quality

data (e.g. Buzzelli et al., 2012; Ridler et al., 2006; Doering et al., 2002).

Additionally, freshwater inflows to our study area are measured only at the

Franklin Lock and Dam (S-79). Flows from the tidal basin downstream of S-79

are ungauged. Estimates suggest that 25–30% of the total surface water inflow

to the estuary upstream of Shell Point may come from the Tidal Basin

(SFWMD, 2012). Additionally, recent studies suggest that groundwater

inflows to the Calooshatchee estuary may be significant ranging between 1.3

3 106 m3 day21 (530 cfs) and 3.3 3 106 m3 day21 (1300 cfs) seasonally (Loh

TABLE 3b. Percent seagrass cover, percent volume infestation (PVI) and plant height for

rainfall category (average, dry, wet) and the interactions of rainfall category X area and rainfall

category X season. Associated p-values for each effect and parameter are included. Statistical

analysis of seagrass cover, PVI and plant height by rainfall category was run on ranked dat.

*Designates significance at p,0.05.

p,0.05 p,0.05 p,0.05
% Cover

(N) PVI (N)

Height

(N)% Cover PVI Height

Rainfall 0.1943 0.1104 0.0016* Average 23.8 (65) 5.1 (65) 14.7 (65)

Dry 29.4 (72) 6.9 (72) 16.4 (72)

Wet 26.4 (53) 6.2 (53) 15.8 (53)

Area x

Rainfall

0.2303 0.5701 0.1959 LCR Average 5.1 (22) 0.9 (22) 11.5 (22)

LCR Dry 4.3 (24) 0.9 (24) 13.3 (24)

LCR Wet 6.1 (18) 1.2 (18) 12.1 (18)

SCB Average 26.8 (22) 5.8 (22) 13.9 (22)

SCB Dry 29.3 (24) 6.8 (24) 15.0 (24)

SCB Wet 28.5 (17) 6.7 (17) 14.3 (17)

PIS Average 40.4 (21) 8.7 (21) 18.8 (21)

PIS Dry 54.4 (24) 12.9 (24) 20.9 (24)

PIS Wet 44.6 (18) 10.5 (18) 20.9 (18)

Season x

Rainfall

,0.0001* ,0.0001* 0.0010* Spring Average 16.3 (24) 2.7 (24) 12.9 (24)

Spring Dry 13.6 (24) 2.1 (24) 13.4 (24)

Spring Wet 23.5 (12) 4.1 (12) 14.9 (12)

Summer Average 37.9 (23) 8.6 (23) 17.3 (23)

Summer Dry 35.7 (24) 8.9 (24) 18.3 (24)

Summer Wet 36.3 (18) 8.9 (18) 17.5 (18)

Fall Average 15.9 (18) 3.6 (18) 13.6 (18)

Fall Dry 38.7 (24) 9.7 (24) 17.5 (24)

Fall Wet 20.2 (23) 5.1 (23) 15.0 (23)
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et al., 2011). Given the uncertainties in quantifying freshwater inflows to our

study area, we used annual rainfall as a surrogate.

Both spatial and temporal patterns in seagrass response variables were

detected. Seagrass coverage, canopy height and PVI all increased from the

Caloosahatchee estuary to Pine Island Sound reflecting a gradient of exposure to

freshwater. This pattern was evidenced in all three seasons and may be due to a

combination of lower and more variable salinity and higher color nearer the

Caloosahatchee estuary (Doering and Chamberlain 1998; Doering and Cham-

berlain 1999). The freshwater Caloosahatchee River has high concentrations of

color and these decrease with distance from S-79 (Doering and Chamberlain

1998). Further color is major attenuator of light in the Caloosahatchee Estuary,

(Doering et al., 2006), San Carlos Bay and Pine Island Sound (Ott et al., 2006).

Lower light availability may also have contributed to the spatial patterns in

seagrass variables that we observed. Various studies have described the influence

of varying salinity and freshwater discharge on the distribution, abundance and

species composition of seagrasses (Lirman et al., 2008, Irlandi 2006, Greenawalt-

Boswell 2006, Bjork et al., 2008, Doering and Chamberlain 2000).

As expected, the analysis of percent seagrass cover, plant height and PVI

all displayed the classic pattern with respect to season with abundances being

greatest during the summer growing season. However, the results obtained from

our analysis indicated that differences between seasons varied with annual rainfall.

FIG. 5. Mean percent seagrass cover, mean percent volume infestation (PVI) and mean plant

height by rainfall category (average, dry, wet) for the 13 year period of record. Statistical analysis of

seagrass cover, PVI and plant height by rainfall category was run on ranked data. *Designates

significance at p,0.05.

No. 2 2013]
ORLANDO ET AL.—EFFECT OF RAINFALL ON SEAGRASS IN

CALOOSAHATCHEE RIVER 117



During dry years, all three parameters measured had the greatest abundance

during summer and fall which were similar. This outcome suggests that during dry

years reduced rainfall results in higher salinities and clearer water: an environment

more suitable for survival and growth of the seagrass found in these areas. By

contrast, during average and wet years, abundance during fall was much reduced
and similar to spring. Greater rainfall and the associated lower salinity and

perhaps higher light attenuation may account for this pattern.

Inter-annual variation in rainfall and resultant runoff have been shown to

impact seagrasses (eg. Ridler et al., 2006; Carlson et al., 2003; Carlson et al.,

2010). For example, Charlotte Harbor, Tampa Bay, and Sarasota Bay showed
significant declines in seagrass after major rainfall and runoff associated with

the 1997–1998 El Nino event (Carlson et al., 2003, Carlson et al., 2010).

The 13 year hydroacoustic study described above was initiated in 1996 as a

relatively quick and cost effective method to assess spatial and temporal variation in

the abundance and distribution of seagrass within the CRE system. Given the

sampling frequency employed in this study, the technique has been shown to detect
spatial variation on the scale of kilometers, and temporal variation at seasonal and

inter-annual scales. As employed here, the technique was also useful in detecting the

influence of annual rainfall on seasonal variation in seagrass coverage, canopy

height and PVI. Hydroacoustic monitoring at more frequent intervals over the

spatial scales sampled here could provide valuable information on seagrass

responses to different size storm events at the ecosystem level.
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