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 Rotational Impoundment Management (RIM) is a commonly used method of 

mosquito control in Florida involving seasonal flooding during mosquito breeding 

season and allowances for natural tidal variations during summer flooding.  My study 

looks at the effects of this impoundment strategy on the red mangrove, Rhizophora 

mangle L., recruitment.  Primary productivity of mangroves in these impoundments 

has been found to be similar to that of natural areas, although nutrient levels have 

been found to differ greatly.  R. mangle is a completely viviparous species, and as 

such, maternal conditions have a strong effect on propagules.  My study compares the 

initial establishment and growth of R. mangle propagules collected from and planted 

in both impounded and non-impounded sites. 
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Introduction 

The purpose of the experiment is to ultimately evaluate the effect that human-

constructed mosquito control impoundments have on Rhizophora mangle growth 

through experimental manipulation of propagule establishment and growth.  The 

Indian River Lagoon (hereafter termed IRL) has been a brackish lagoon for 5-6,000 

years, although the creation of the Sebastion, Ft. Pierce, and St. Lucie Inlets, in 1948, 

1921, 1998 respectively, increased salinity levels through out the lagoon.  It currently 

has a mean depth of approximately 1 meter.  The majority of salt marshes in the 

lagoon developed in washover zones or on the tidal deltas of inlets.  The composition 

of wetlands in the lagoons varies greatly along the north south extent, and wetlands 

are most common in the north either on or near Merritt Island or the northern 

Mosquito Lagoon.  In the north, most marshes consist primarily of temperate 

herbaceous marshes with only the occasional freeze-stunted mangroves (Brockmeyer 

et al. 1997).  Tropical mangrove swamps dominate in the south.  Natural marshes 

typically consist of Red mangroves (R. mangle) in the south or cordgrass (Spartina 

alternaflora) in the north at the water’s edge.  These areas grade into flat high marsh 

areas of herbaceous halophytes mixed with scattered black mangroves (Avicennia 

germinas) (Brockmeyer et al. 1997).  

The genus Rhizophora has a worldwide distribution in coastal and estuarine 

areas in the tropical and subtropical ranges in both hemispheres to about 28 degrees 

North and South latitude.  The distribution of R. mangle in the IRL ranges from the 

southern IRL limit to as far north as 28 degrees latitude. Large, seemingly healthy 
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stands of mangroves have been observed as far north as Merritt Island and the Banana 

River (personal observations).   

Rhizphora mangle is often the dominant mangrove near the water’s edge in 

mangrove communities, although other mangrove species dominate or co-dominate 

the shoreline in some locations.  R. mangle is facultative halophyte and exhibit a salt 

tolerance of 0 to 90 Mg/L (Smith and Snedaker 1995).  R. mangle tolerates high 

saline conditions by maintaining a high, negative internal osmotic pressure.  This 

permits the uptake of freshwater, while excluding salt.  Some amount of salt can still 

enter the plant, which can effect various aspects of growth including primary 

productivity, root/shoot ratios, leaf areas and internode length, species zonation 

patterns, leaf morphology, propagule size, and tree structure (Smith and Snedaker 

1995) .  R. mangle is commonly found growing in anoxic soils. Aerial roots also 

known as “prop roots” are the primary adaptation for oxygen exchange and stability 

in such soil.   Aerial roots grow down from the trunk and branches of the tree rather 

than up from the soil and contain high concentrations of lenticels, which facilitate 

oxygen exchange to the tree’s underground root system. The periderm of these roots 

is similar to that of tree branches.  In addition to gas exchange, aerial roots are 

important for structural support in the unstable soil often found in salt marshes and in 

providing nutrients once they reach the substrate.  Considerable complexity of habitat 

for attached algae and invertebrates is provided by the aerial roots (Brooks and Bell 

2005). 

Rhizphora mangle is one of a few plant species that is fully viviparous. This 

reproductive style creates unique aspects of the recruitment capability of R. mangle, 
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such as a lack of a dormant seed bank in the soil (Sousa et al. 2003).   It is known that 

flowers are generally self-pollinated and occasionally wind-pollinated, although the 

degree of outcrossing varies substantially among stands and between estuaries 

(Proffitt et al. 2006). Once fertilized, flowers develop continuously into germinated 

seedlings while still attached to the maternal plant.  When mature, the propagule is 

separated from the maternal tree, most often by wind action, and dispersal is achieved 

via floating with tides and currents.  Propagules can survive floating for an extended 

period of time, possibly up to a year, before establishing.  In order to root as the 

embryo develops, the root hypocotyl grows downward anchoring the seedling 

(Chapmann 1976). 

The salt marsh mosquito species, Ochelerotatus taenirorrhynchus and 

Ochelorotatus sollicitans, use mangrove and salt marsh areas as preferred breeding 

habitat due to the seasonal and tidal water level variations.  They lay their eggs in 

moist, muddy areas of tidal wetlands during the summer months from late May to 

August. These eggs stay dormant until the area floods.  Once hatched, mosquitoes 

undergo five larval stages in the water column before developing into adults 

(Brockmeyer et al. 1997).  

Mosquito control impoundments were created to control mosquito populations 

without the use of pesticides.  The first impoundments were closed impoundments, 

which were essentially marsh areas closed off from the surrounding tidal region by a 

dike.  Water levels inside the dike were maintained at a level high enough to prevent 

mosquitoes from laying eggs.  These early impoundments had many negative effects 
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on the ecosystem including the mortality of A. germinans due to prolonged periods of 

excessively high water levels (Brockmeyer et al. 1997).  

The first impoundment in Florida was completed in Brevard County in 1954. 

By the 1970s over 40,000 acres of Florida coastal wetlands had been impounded 

(Brockmeyer et al. 1997).   In 1974 the use of Rotational Impoundment Management 

(RIM) was implemented and is now the most commonly used method of 

impoundment.  RIM involves seasonal flooding during the summer breeding season 

of salt marsh mosquitoes, which varies but is generally from May to August. 

Mosquito reproductive seasons are continually monitored by professional staff and 

flooding periods are altered when necessary. Water levels are maintained at the 

minimum level required to prevent oviposition of salt marsh mosquitoes.  Spillways, 

low areas surrounding the dike, or pipes with culvert gates prevent water levels from 

rising beyond prescribed water levels.  For the remainder of the year, October to May, 

culverts are opened and water levels inside the impoundment are allowed to fluctuate 

naturally with tidal levels outside the impoundment (Brockmeyer et al. 1997).   

Establishment of RIM allowed the return of transient fishes and invertebrates, 

and black mangroves to impounded areas as well as the mortality of freshwater 

species such as Typha species (Brockmeyer et al. 1997).  Estuaries regulated with 

RIM retain many natural functions and primary productivity is similar to unaltered 

wetlands (Brockmeyer et al. 1997).  The average primary productivity of a R. mangle 

forest is estimated at 400 gC/(m2*year) (Lewis 1982).  Three out of five counties 

adjacent to the IRL employ RIM.  St. Lucie County contains 1,371 hectares (ha), 
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Brevard County contains 1,037 ha, and Indian River County 448 ha of RIM 

(Brockmeyer et al. 1997).  

For this project, four study sites were chosen on the western bank of the IRL 

in Fort Pierce, Florida.   Two of the study sites are inside adjacent impoundments and 

two are along the shoreline of the IRL.  The northern impoundment is on Harbor 

Branch Oceanographic Institution (HBOI) property and will be referred to as the 

HBOI-South Impoundment site (SHBOI-Imp), although some documents refer to the 

impoundment as the St. Lucie Impoundment 14B. The southern impoundment will be 

referred to as the Wilcox Impoundment site (Wilcox-Imp), although some documents 

refer to it as the St. Lucie Impoundment 14A (Rey and Kain 1989).  Both 

impoundment sites have a natural reference site immediately outside the impounded 

area in the lagoon (referred to as the HBOI-reference and Wilcox-reference site).  

The mosquito impoundments chosen for the study were constructed in 1963 

and were originally designed as closed and unmanaged impoundments, meaning that 

once impounded, water levels were maintained at artificially high levels year round 

without the use of a pump.  No connection to the IRL was included.  According to 

information compiled by Rey and Kain (1989), R. mangle comprised 5% of the 

vegetation in both impoundments in 1989.  Salinity levels were not monitored, but the 

abundance of the freshwater cattail, Typha species, (75% for Wilcox-Imp and 80% 

for SHBOI-Imp) suggests low levels of salinity.  The Wilcox-Imp and SHBOI-Imp 

are 42 and 34 acres respectively (Rey and Kain 1989).  The SHBOI-Imp was 

converted from unmanaged, closed impoundment to RIM in the 1990s while the 

Wilcox Impoundment was also converted in 2005.  Due to conversion, both 



impoundments were flooded with brackish water from the lagoon resulting in the 

transition from a freshwater community dominated by Typha species to a mangrove 

dominated community (personal observations).  

Figure 1.  Photo of planting area at Wilcox-Imp at high tide during natural flooding levels. 

Figure 2. Photo of planting area at SHBOI-Imp at high tide during natural flooding levels 

6 
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R. mangle seedlings grow equally well in most soils, but soils with high 

nutrient levels are more favorable. Past planting experiments have also shown that at 

stages of growth between immature to rooted with several leaf pairs, all have very 

similar establishment capacity (Teas et al. 1975).  Past studies have shown that 

maternal influences can have strong effects on propagule establishment while growth 

capacity studies have shown that propagules collected from maternal trees subjected 

to high water temperatures stress were generally smaller, sustained buoyancy for a 

shorter period, and developed root and leaf structures more slowly than propagules 

grown by non-thermally stressed maternal trees (Smith and Snedeker 1995).   

For these reasons I hypothesized that impounded areas which have 

traditionally low water wave or current energy and high nutrient levels, would 

promote higher establishment rates than un-impounded areas.  Poor establishment of 

propagules may indicate maternal stress as propagules depend highly on maternal 

inputs for initial growth. Hence, I also hypothesized that extended flooding regimes 

during the summer months of peak propagule maturation will stress maternal trees, 

reducing their capacity to produce healthy propagules and resulting in lower 

establishment capacity of propagules collected from impounded areas. 

 

Materials and Methods   

 Mature propagules were collected directly from maternal trees to ensure 

maternity, 10 trees per site and 5 to 25 propagules per tree depending on availability.  

Propagules were determined to be mature when the cotyledon was exposed and 

yellow in color.  The number of propagules collected from each tree varied greatly 
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due to natural variation in the number of mature propagules present on donor trees at 

time of collection.  Collection occurred over a two day period.  Propagules were 

stored in plastic bags containing water collected from respective sites and stored at 

room temperature in a darkened area for two weeks while initial measurements were 

taken. Each propagule was weighed and measured for length and maximum diameter 

prior to planting.  

Propagules from each tree were cross-planted into each site.  Inside the 

impoundments the propagules were planted in rows along the edge of tidal creeks.  

Outside the impoundments the propagules were planted in rows at the lagoon’s edge. 

All propagules were planted in open, sunny areas in firm soil. All propagules were 

planted 2 to 3 cms deep with the root end (the thicker end) facing downward and were 

supported by a 30.5 cm wooden stake.  After 6 months of growth, seedlings were 

measured for growth and establishment.  Establishment will be classified into three 

categories: living, dead, and missing.  Living was defined as a propagule existing and 

showing signs of growth; dead as present but having no leaves and having no living 

apical growth tips; missing is defined as propagule not present.  Dead and missing 

categories indicate a failure to establish.  Several variables were measured for living 

propagules: height, number of stems, number of leaves per stem, number of nodes per 

stem, length of each stem, and maximum diameter.  

All statistics were performed with SYSTAT.  Due to high mortality rates at 

planting sites a two way ANOVA analysis was not possible, so a one-way ANOVA 

using propagule collection weight as a covariate was used to compare height of 

propagules and number of branches between sites in March.  A one way ANOVA and 



a Turkey HSD Multiple Comparisons was also performed to compare collection 

weight of propagules.  A two way ANOVA was used to compare numbers of leaf 

scars. 

 

Results 

The weight, length, and diameter of all propagules collected combined had a 

normal distribution (Figure 3). 

Figure 3. Distribution of combined weights (grams), lengths (mm), and diameters (mm) of collected 

propagules. 
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Propagule collection weight was significantly different between sites (Figure 

4, F=12.575, P=0.0005) but the R2 value was low indicating the significance was due 

to the high number of replicates (R2=0.055). 

The weight of propagules collected from Wilcox-Imp was not significantly 

different from those collected from SHBOI-Imp but both were greater then HBOI–

reference and Wilcox-reference which were not significantly different from one 

another (Table 1).  

Mean Weight
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Mean Weight

Mean Weight 13.572 15.795 13.794 15.939

SHBOI-lagoon SHBOI-Imp Wilcox-Imp Wilcox-lagoon

Figure 4. Mean weights of collected propagules by site. (P=0.0005)

 

 

 

 

 

10 

 



11 

 

Table 1.  Ranking of mean weights of collected propagules by collection site.  

Rank  

(greatest to lowest) 
Collection Site 

Mean Weight 

 (grams) 

Similarities  

(same letter indicates no 

significant difference) 

4 Wilcox-lagoon 15.939 A 

3 SHBOI-Imp 15.795 A 

2 Wilcox-Imp 13.794 B 

1 SHBOI-lagoon 13.572 B 

 

Height measurements, representing relative growth during the planted period, 

differed significantly between sites (Figure 5, F=14.509, P=0.0005). Wilcox-Imp had 

the greatest growth at a mean height of 254.178 mm.  SHBOI-Imp had the least 

growth with a mean height of 185.674 mm (Figure 5).  There was a significant 

difference in height among planting sites (Figure 5, F= 14.509, P=0.0005).  The R2 

value for the analysis explained 58.1% of the variance in the model (R2=0.581).  A 

comparison of mean heights of propagules from each collection site at planting sites 

showed that the greatest growth occurred with Wilcox-Imp propagules planted at 

Wilcox-Imp. The least growth occurred with the combinations of collection site 

SHBOI-Imp and SHBOI-Imp.  The only two survivors at the planting site Wilcox-

lagoon were from collection site Wilcox-Imp (Figure 5). 



SHBOI Wilcox SHBOI-Imp Wilcox-Imp

Collect  Site 221.657 225.12 185.674 254.178
Plant Site 221.657 210.367 202.692 251.913
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Figure 5. Mean height by site (P<0.0005) 

 

There was no significant difference in total number of branches between 

planting sites with a  R2 value of 0.066, indicating only 6.6% of the variation was 

explained by the Anova analysis (Figure 6, F=1.282, P=0.283).   
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SHBOI-lagoon SHBOI-Imp Wilcox-Imp Wilcox-lagoon

Number Branches 1.935 1.436 1.450 1.873
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There was a significant difference in number of leaf scars on the main branch 

between planting sites (Figure 7, F=11.218, P=0.0005).  The R2 value for the analysis 

explained 20.3% of the variance in the model (R2=0.203).  Wilcox-Imp had the 

greatest number with a mean count of 2.521.  Wilcox-reference had the fewest with a 

mean count of 0.462.  

Figure 6. Mean number of branches on living propagules by plating site.
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Among planting sites, Wilcox-reference had the lowest survival rate at 1%.  

Wilcox-Imp had the greatest at 52%.  Among collection sites SHOI-Imp had the 

lowest survival rate at 15% while Wilcox-Imp again had the greatest at 31% (Figure 

8). 
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Number Leaf Scars 1.411 1.751 2.521 0.462
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Figure 7. Mean number of leaf scars on main branches of propagules by planting site. 

SHBOI Wilcox SHBOI-Imp Wilcox-Imp

Collect Site 24% 18% 15% 31%
Plant Site 8% 1% 30% 52%
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Figure 8. Percent survival of propagules by site.
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iscussion 

Among planting sites the low survival rate of lagoon sites compared to 

ndments, regardless of age, contain more 

favorable conditions for establishment of propagules.  Among impounded sites, 

had a much higher survival rate compared to SHBOI-Imp.  One apparent 
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ent 

er 
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.  

D

 

impoundment sites suggests that impou

Wilcox-Imp 

difference between the impounded sites that could influence the survivability of

propagules is the nutrient level.  Higher nutrient levels have been found to favor 

greater establishment (Teas et al. 1975).  Wilcox-Imp is a very recently converte

impoundment.  As a result of the conversion, the dominant freshwater plant 

community was killed resulting in an accumulation of decomposing plant matter 

the now saltwater dominated area. Nutrient levels were not investigated and nutri

levels of different aged impoundments should be looked into in future studies.  Oth

possibly explanations that need to be investigated in future studies include di

in water depth, water flow rate, wave action, and shading.  Shading levels between 

impounded sites were likely different do to the high quantity of large mature trees at 

SHBOI-Imp, while Wilcox-Imp had a relatively scare concentration of large shade 

producing trees.  The low survival in the lagoon sites is likely due to wave action 

damaging propagules.  Additionally large amounts of wave wrack (floating material

piled on the shore by wave action) likely further damaged and covered propagules 

(Teas et al. 1975).  There was much less variation in survival among collection sites

Wilcox-Imp had greater survival compared to all other sites including double the 

survival of propagules at SHBOI-Imp.  This difference indicates that conditions in 

Wilcox-Imp were more favorable for propagule production compared to the other 
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p 

th lagoon sites had very similar mean heights indicating 

that the

 size.  

ment 

d 

d 

e 

ropagules from the Wilcox-Imp site did the best overall 

study sites.  Unlike establishment rates, propagule production was not negatively 

influenced by lagoon sites. 

Height measurements after 6 months in March 2007 are a combination of 

propagule height and main branch length and should indicate relative growth.  

Among planting sites Wilcox- Imp had the greatest mean height while SHBOI-Im

had lowest mean height.  Bo

 growing conditions were similar.  It is important to note that only two 

propagules survived at the Wilcox-reference site resulting in a very low sample

Height results for collection sites were similar to planting sites with the lagoon sites 

having similar heights, Wilcox-Imp with the greatest heights, and SHBOI-Imp with 

the lowest heights.  Collection site results may indicate differences in establish

capacity of propagules produced at different sites.  These differences may indicate 

different maternal conditions.  Future studies should investigate possible differences 

among maternal trees in impounded and non-impounded sites.  SHBOI-Imp had the 

least growth for both collection and planting sites suggesting it has less suitable 

conditions for both propagule production and establishment whereas Wilcox-Imp ha

the greatest heights both for collection and planting indicating it had the most 

favorable conditions for propagule production and establishment (Teas et al. 1975, 

Smith and Snedaker 1995).   

As mosquito control impoundments are created, they have the ability to shape 

and change the organisms found within the area. The changes in water flow an

nutrient levels could affect the ability of R. mangle to reproduce. Such variables wer

not expressly investigated.   P
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in term

ts 

 used 

s of propagule establishment and growth.  This indicates that when choosing 

sites for mangrove restoration, recently converted mosquito control impoundmen

would provide higher survival of propagules in comparison to lagoon sites and older 

mosquito control impoundments.  HBOI-Imp had the second best establishment rates, 

although the growth was the lowest between all the study sites.  In addition, the 

Lagoon sites had higher growth in comparison to HBOI-Imp, but suffered low 

establishment rates from wave action making them poorer sites for mangrove 

restoration.  In cases where recently converted mosquito control impoundments are 

not available as a restoration site, the propagules from such sites would be better

in any mangrove restoration project.   

 

 

 

 

 

 

 

 

 

 



18 

 

References 

Brockmeyer, R.E., J.R. Rey, R.W. Virnstein, R.G. Gilmore, and L. Earnest. 1997. 
mpounded estuarine wetlands by hydrologic reconnection to the 

r Lagoon, FL (USA).  Wetlands Ecology and Management 4 (2): 93 – 
109. 

B

rine, Coastal and Shelf Science 65: 440 – 448. 

. 
 

 in Creation and Restoration of 

: 

R  

d a 

– 
ce on the Restoration of Coastal 

Vegetation in Florida, R.R. Lewis (ed.), Hillsborough Community College, Tampa, 

 
 
 

Rehabilitation of i
Indian Rive

 
rooks, R.A., and S.S. Bell. 2005. A multivariate study of mangrove morphology 
(Rhizophora mangle) using both above and below-water plant architecture. 
Estua

 
Chapman, V.J. 1976. Mangrove Vegetation. Strauss and Cramer, Germany. 447 pp

ewis, R.R. 1982. Mangrove Forests. Pages 153 – 171L
Coastal Plant Communities, R.R. Lewis (ed.), CRC Press, Boca Raton, Florida. 

 
Proffitt, C.E., E.C. Milbrandt, and S.E. Travis. 2006. Red Mangrove (Rhizophora 

mangle) Reproduction and Seedling Colonization after Hurricane Charley: 
Comparisons of Charlotte Harbor and Tampa Bay. Estuaries and  Coasts 29 (6A)
972 – 978. 

 
ey, J.R., and T. Kain. 1989. A Guide To The Salt Marsh Impoundments of Florida.
Florida Medical Entomology Laboratory, Vero Beach, Florida. 487 pp. 

 
Smith, S.M., S.C. Snedaker. 1995. Salinity Responses in Two Populations of 

Viviparous Rhizphora mangle L. Seedlings.  Biotropica 27 (4): 435 – 440. 
 
Sousa, W.P., S.P. Quek, and B.J. Mitchell. 2003. Regeneration of Rhizophora mangle 

in a Caribbean mangrove forest: interacting effects of canopy disturbance an
stem-boring beetle. Oecologia 137: 436 – 445. 

 
Teas, H.J., W. Jurgens, and M.C. Kimball.  1975.  Plantings of Red Mangrove 

(Rhizophora mangle L.) in Charlotte and St. Lucie Counties, Florida. Pages 132 
161 in Proceedings for Second Annual Conferen

Florida. 


	 
	Discussion 
	References 



