
Nova Southeastern University
NSUWorks

HCNSO Student Theses and Dissertations HCNSO Student Work

1-1-2008

The Colonial Zoanthid Palythoa caribaeorum:
Population Dynamics on Southeast Florida Reefs
Joanna C. Walczak
Nova Southeastern University, walczakjc@gmail.com

Follow this and additional works at: https://nsuworks.nova.edu/occ_stuetd

Part of the Marine Biology Commons, and the Oceanography and Atmospheric Sciences and
Meteorology Commons

Share Feedback About This Item

This Thesis is brought to you by the HCNSO Student Work at NSUWorks. It has been accepted for inclusion in HCNSO Student Theses and
Dissertations by an authorized administrator of NSUWorks. For more information, please contact nsuworks@nova.edu.

NSUWorks Citation
Joanna C. Walczak. 2008. The Colonial Zoanthid Palythoa caribaeorum: Population Dynamics on Southeast Florida Reefs. Master's thesis.
Nova Southeastern University. Retrieved from NSUWorks, Oceanographic Center. (247)
https://nsuworks.nova.edu/occ_stuetd/247.

http://nsuworks.nova.edu/?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
http://nsuworks.nova.edu/?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
https://nsuworks.nova.edu?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
https://nsuworks.nova.edu/occ_stuetd?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
https://nsuworks.nova.edu/occ_stupub?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
https://nsuworks.nova.edu/occ_stuetd?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1126?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/186?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/186?utm_source=nsuworks.nova.edu%2Focc_stuetd%2F247&utm_medium=PDF&utm_campaign=PDFCoverPages
http://nsuworks.nova.edu/user_survey.html
mailto:nsuworks@nova.edu


7 

THE COLONIAL ZOANTHID Palythoa caribaeorum: 

POPULATION DYNAMICS ON SOUTHEAST FLORIDA REEFS 

BY 

JOANNA C. WALCZAK 

A PROPOSAL FOR A THESIS IN THE PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF 

MASTER OF SCIENCE 

WITH SPECIALIZATION IN 

MARINE BIOLOGY 

NOVA SOUTHEASTERN UNIVERSITY 

JANUARY 2008 



p 

Masters of Science: 

Marine Biology 

Thesis of 
Joanna C. Walczak 

Submitted in Partial Fulfillment of the Requirements for the Degree of 

Nova Southeastern University 
Oceanographic Center 

January 2008 

Approved: 

Thesn Committee 

Major Professor :=---!-lJrAM:==:::.:,:-:,:,,---1.=-'~-"---___ _ 
David Gilliam, Ph.D. 

Crnnud.",M=':&~ 
C=mnw, M=:~. ::itlJJl-l----

RichardDo~ 



p 

ABSTRACT 

The colonial zoanthid Palythoa caribaeorum (Cnidaria, Zoanthidea) 

(Duchassaing and Michelotti 1861) is a major benthic component of most 

Caribbean reefs and is an extremely aggressive spatial competitor (Suchanek and 

Green 1981). This study looks at annual visits to 16 permanent monitoring sites 

over 3 reef designations (Inshore Ridge Complex, Middle Reef, and Outer Reef) 

in Broward County, Florida from 2002-2006. The data obtained in this study fills 

an informational void regarding the role of zoanthids in the southeast Florida reef 

benthic community. The study was conducted in two parts. Part One used digital 

imagery analysis to quantify the spatial cover of the Palythoa population present 

across the study area. The highest percent live cover sites were located in the 

Inshore Ridge Complex, suggesting that the more dense Palythoa populations are 

close to shore. Part Two used digital analysis data to determine if it was possible 

to create a size class transition matrix model that could accurately model the 

population distribution of such a dynamic organism. To test the accuracy of the 

model, the predicted population distribution of the model and the actual observed 

distribution from the digital image analysis were analyzed. A Chi-square test 

determined that the model successfully predicted size class distribution frequency 

of all treatments (All Sites, High Cover Sites, Low Cover Sites, and the 3 reef 

tracts) for all years (2002-2006) with the exception of 3 (Low Cover, Middle 

Reef, and Outer Reef) of the 6 treatments in 2005. Southeast Florida experienced 

extremely severe hurricane seasons in 2004 and 2005, and the data suggests that 

the population distribution at the 3 lower cover (farther from shore) sites were 

disturbed. Sensitivity and elasticity analyses were run on appropriate results to 
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examme which size class transitions contribute most to population stability. 

Although it possesses the ability to outgrow stony corals (and almost all other 

sessile invertebrates), the current study suggests that the Palythoa population in 

southeast Florida is generally maintaining size rather than over-growing the reef 

community. With the knowledge gained from this study, we know that it is 

possible to accurately model the population dynamics present in the southeast 

Florida Palythoa population. 
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1.0. INTRODUCTION 

The colonial zoanthid Palythoa caribaeorum (Cnidaria, Zoanthidea) 

(Duchassaing and Michelotti 1861) is a major benthic component of most Caribbean 

reefs and is an extremely aggressive spatial competitor (Suchanek and Green 1981). P. 

caribaeorum competition strategies and population dynamics have received attention in 

other locations such as the US Virgin Islands (Suchanek and Green 1981), Panama 

(Sebens 1982, Fadlallah et al. 1984), Venezuela (Bastidas and Bone 1996), Brazil 

(Acosta et al. 2001, 2005, Perez et al. 2005), and even the Florida Keys (Mueller 1992; 

Raywick and Mueller 1997), but only one other study has looked at the P. caribaeorum 

population in Palm Beach, Broward and Miami-Dade counties in southeast Florida. 

Kemp et al. (2006) compared the thermal bleaching response of P. caribaeorum colonies 

from three discrete regions in south Florida. 

This study is focused on one (somewhat atypical) species, and it fills a void of 

information regarding the role of zoanthids in the benthic community of SE Florida. This 

study also addresses the data and duration of monitoring needed to accurately model the 

dynamics of such a key component of the" benthic community. Understanding if 

population changes are constant (or just as importantly, if they are not constant) will help 

to decipher the dynamics present in the Palythoa community of southeast Florida. It is 

necessary to examine community dynamics in order to eventually identify how individual 

species may be affecting one another. Too often, monitoring programs are content with 

documenting fluctuations in abundance; it remains unclear whether any of these data are 

useful for understanding species-specific dynamics. My study should be combined with 

other local research and knowledge in order to create a comprehensive community 
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ecology prediction model. An ecosystem-wide holistic model of the local benthic 

community could prove to be a very valuable tool for resource managers. 

1.1. Study Area: Southeast Florida 

North of the Florida Keys reef tract, the southeast Florida reef system extends 

approximately 170 km from Miami-Dade through Broward, Palm Beach, and Martin 

Counties (Collier et al. 2007). Collier et al. (2007) estimates that Florida's shallow

water (defined as less than 18 meters (m) or 60 feet (ft) in depth) coral reef habitat 

spans 30,801 square kilometers (km2), of which approximately 41km2 is located within 

the current study area. Particularly in Broward County, the reef tract is composed of 

three, increasingly deeper, shore-parallel, linear reef terraces, (Inner, Middle, and Outer 

Reefs) and an Inshore Ridge Complex; .located inshore of the Inner reef (Figure I) 

(Moyer et al. 2003; Banks et al. 2007; Walker et al. 2007). These high-latitude reef 

communities are comprised of coral reefs, and colonized hardbottom or pavement, 

where the biota present generally consists of variable popUlations of stony corals, 

ocotocorals, sponges, zoanthids, and macroaigae (Figure 2) (Moyer et al. 2003; Collier 

et al. 2007). 

The southeast Florida reef system is directly offshore a densely populated and 

urbanized area and is subjected to extensive anthropogenic impacts (Collier et al. 

2007), but has no current management plan. Recreational lise (e.g. fishing and diving), 

coastal construction (e.g. beach nourishments, port maintenance and expansion), and 

land based sources of pollution (e.g. sewer and treated wastewater outfall pipes, and 

tidal exchanges through inlets), have impacted the reefs. In 2005 alone, 396 million 
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gallons per day (MGD) of sewer and secondarily treated wastewater from the six active 

outfall pipes was introduced into the water column near these viable reef communities 

(Koopman et al. 2006). The three outfall pipes (Boca Raton, Broward/North, and 

Hollywood) located in (or near to) the study area account for approximately 140 MGD 

of this nutrient laden wastewater (Figure 3). 

Generally, scleractinian (stony) corals receive the most attention in SE Florida 

reef studies, even though this group contributes less cover (2-3%) than other sessile 

invertebrates (Gilliam et al. 2005). Functional groups such as sponges, gorgonians, and 

zoanthids often dominate over stony corals for spatial cover in SE Florida (Goldberg 

1973; Jaap 1984; Moyer et al. 2003), yet receive comparatively less attention . 

.• ' , 

_ -14 _ _ 15 

_ _ 16 
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Figure 1: Laser Airborne Depth Sounder (LADS) bathymetry data of Broward 
County showing the high-latitude reef communities consisting of 3 parallel, 
linear reef habitats (Inner, Middle, and Outer Reefs). Inshore of the Inner Reef 
is a series of shallow, nearshore ridges (Inshore Ridge Complex). Note: Depth 
orofile increases with distance offshore. 
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Figure 2: Broward County, FL habitat classifications for four "corridors" identified in 
the Moyer et al. (2003) study showing the Inner Reef as zoanthid and algae-dominated. 

Figure 3: Southeast Florida counties with ocean 
outfalls (Koopman et al. 2006). 
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1.2. Natural History of Palythoa caribaeorum 

1.2.1. Taxonomic Description 

Current taxonomic descriptions of the genus Palythoa are outdated, and most 

zoanthid researchers agree that Palythoa caribaeorum and Palythoa mammillosa are 

probably the same species (Sebens 1982; Gleibs et al. 1995; Haywick and Mueller 

1997). For this study, I consider them to be synonymous (possibly morphotypes) and 

will therefore refer to them as the more common Palythoa caribaeorum. 

P. caribaeorum (hereafter referred to as Palythoa) colonies are small yellow

browu conjoined polyps that form sheets over the substratum (Sebens 1982; Haywick 

and Mueller 1997). The polyp diameter (5-10mm) and colony thickness (5-30+mm) 

are both highly variable (Haywick and Mueller 1997) and according to Sebens (1982) 

polyp size is generally a colony characteristic and may be related to habitat. Palythoa 

commonly inhabits reefs in the Atlantic and Caribbean seas from central Florida to as 

far south as Sao Palo, Brazil (Goreau 1959; Kinzie 1973; Sebens 1977, 1982; 

Suchanek and Green 1981; Acosta et al. 2001, 2005). Mainly found in shallow reef 

habitats, Palythoa forms distinctive, monospecific mats that often dominate available 

substrate (Fadlallah et al. 1984; Mueller 1992). Their small polyp size, conjoined 

polyp colony formation and ability to retain carbonate sediment in their body walls 

(Figure 4) allows them to survive in high energy areas where strong currents and 

storm waves frequently disrupt the community (Koehl 1977; Suchanek and Green 

1981 ; Jackson and Hughes 1985; Done 1992; Haywick and Mueller 1997). Their 

shared column wall morphology and small po1Y]Js creates a regular surfaced colony 

that is capable of minimizing the damaging drag of water flow (Koehl 1977). 
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According to Fadlallah et al. (1984) the lack of a hard skeletal structure limits 

zoaothids to lateral growth over the substrate. 

1
1 1 cm 

Tentacles 

<:> 

Polyp 

o ~ 00 o? . 0 ... C • • 

• ..0 0 Gut '" Mesogle;" :)_ 
o 0 0" 0 
0' 00 0 0 0 .. .,. 0 

... 0 .. .: 0.00 0 .. 0 .... 00 
::>·00···.0'" , p 

... l ', 

., ' .' ! 1 " ' Reef substrate 

Surface sediment 

Figure 4: Schematic cross section through Palythoa spp. showing conjoined polyps 
and how they form a sheet over the substratum. Note assimilated sediment 
throughout the tissue (Haywick aod Mueller 1997). 

Although zoanthids do not directly contribute to reef formation, Palythoa 

colonies have similar architecture aod' nutritional resources as scleractiniao corals 

(Sebens 1977; Karlson 1981; Sebens 1982; Suchanek aod Green 1981). Palythoa 

colonies rely on both autotrophic aod heterotrophic nutrition (Sebens 1977). Sebens 

(1977) showed that Palythoa is diel in nature, aod primarily feeds on zooplankton 

between dusk aod dawn while utilizing their zooxaothellae for photosynthesis during 

the day. Palythoa are very sensitive to environmental conditions and are commonly 

the first to exhibit bleaching, thus they may be useful as a quantitative indicator of 

bleaching events (Mueller 1992; Kemp et al. 2006). 

1.2.2. Reproduction 

Palythoa utilizes both sexual aod asexual reproduction (Karlson 1981) in 

population size maintenaoce, though asexual reproduction is by far the better 
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understood process in wanthids (Cooke 1976; Karlson 1986a, 1986b; Karlson 1991; 

Acosta et aL 1998; Acosta and Sammarco 2000a, 2000b; Acosta et aL 2001, 2005 ; 

Boscolo and Silveira 2005). Acosta et aL (200 I) reports that asexual reproduction in 

zoanthids is achieved through fission and fragmentation. Fission, defined by 

Neufeldt (1997) is "a form of asexual reproduction ... in which the parent organism 

divides into two or more appropriately equal parts, each becoming an independent 

individual" and is primarily endogenous and results in the production of ramets 

(Acosta et aL 2001). Acosta et al. (2005) examined asexual reproduction by fission in 

the formation of crevices throughout the Palythoa colony. Hughes and Jackson 

(1985) found that partial colony mortality and fission in clonal organisms may 

increase the number of colonies as much as or more than sexual reproduction. On the 

other hand, Hughes (1989) defines fragmentation as "the reproductive process by 

which a live portion of a colony becomes divided into one or more parts by processes 

exogenous to the organism", with parts becoming physically separated from the 

parent colony, and with each having the potential to grow into a complete organism 

(Highsmith 1982; Acosta et at. 2001). Fragmentation can occur by either biotic 

factors such as predation, disease, etc. that cause tissue isolation, or by physical 

factors such as storms, currents or tides (Karlson 1983; Hughes 1989; Acosta et al. 

1998; Acosta and Sammarco 2000a, 2000b; Acosta 2001). Acosta (2001) observed a 

much higher rate of biotic fragmentation in shallow water due to disease, which in 

itself may be caused by the physical stress factor of increased wave energy. Asexual 

processes appear to be facilitated by recurrent physical disturbances such as severe 

7 
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storms and hurricanes (Highsmith 1981; Tunnicliffe 1981; Karlson 1983), both of 

which are exceedingly common in southeast Florida. 

Sexual reproduction in zoanthids is complicated, and its contribution to 

population maintenance is not very well understood (Karlson 1981). Palythoa 

colonies contain both male and female polyps, but most colonies are female 

dominated (Fadlallah et al. 1984; Ryland 1997; Boscolo and Silveira 2005). A small 

percentage of the individual polyps can also be hermaphroditic (Boscolo and Silveira 

2005). Colonies utilize broadcast spawning with external fertilization (a planktonic 

larval stage) (Babcock and Ryland 1990). Spawning has been correlated with 

seasonal variations of environmental conditions such as the start of the wet season in 

Panama (Fadlallah et al. 1984). In Brazil, although egg release was found to be 

continuous, sperm release was only dQcumented for six months (December to May) 

(Boscolo and Silveira 2005). Boscolo and Silveira (2005) found that the central 

regions of the colonies are the most fertile, while the edge regions showed a higher 

percentage of sterile polyps. These sterile polyps "may be indicative of the 

importance of asexual division in these colonial organisms" (Fadlallah et al. 1984). 

As more research concentrates on the population dynamics of zoanthids, sexual 

reproduction may prove to be an underestimated process in population dynamics. 

1.2.3. Spatial competition 

In shallow reef environments with high recruitment and growth rates of the 

varIOus colonizers, competition is particularly important (Connell 1983; Schoener 

1983). Sessile invertebrates use many different strategies in the competition for 
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substrate (Jackson 1977). Palythoa generally "acquire and dominate space by killing 

or directly hindering the growth of its competitors both by physical (i.e. growing 

directly over nearby corals or invertebrates) and chemical means" (Suchanek and 

Green 1981). When presented with a spatial opportunity, Palythoa has a fast initial 

growth rate (Bastidas and Bone 1996), but once the space is consumed, instead of 

continuing to grow, the growth rate is suspended (Bastidas and Bone 1996). 

Members of the genus Palythoa contain a very potent neuro-toxin (Palytoxin or PTX) 

which is speculated to be used as an antifeedant in predatorial defense and possibly as 

an allomone in spatial competition (Scheuer 1964; Moore and Scheuer 1971; Attaway 

and Ciereszko 1974; Sebens 1981 ; Suchanek and Green 1981; Fox 1982; Beress et al. 

1983; Gleibs et al. 1995; Raywick and Mueller 1997). Isman (1993) defines an 

antifeedant as a defense chemical which inhibits feeding, but which is also classified 

as an allomone. An allomone is a chemical messenger between species that is 

beneficial to its producer and detrimental to its recipient (Brown et al. 1970). 

Although predation is not considered to be an important factor controlling 

Palythoa populations, Attaway and Ciereszko (1974) found that the eggs of Jamaican 

Palythoa mammillosa colonies were highly (PTX) toxic. Also noted is that overall 

colony toxicity shows seasonal variations (with maximum toxicity reached in the 

summer months of June, July, and August) as well as habitat variations (Attaway and 

Ciereszko 1974). The only observed predator is the flIeworm, Hermodice 

carunculata, which has been observed feeding on physically injured colonies 

(Suchanek and Green 1981 ; Sebens 1981). It has also been observed that H. 

carunculata feeds on certain bands of disease on scleractinian corals (Miller pers. 
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comm.), it may prove to be that frrewonns are acquiring the PTX (and the coral 

disease agents) to supplement their own predatorial defense mechanisms, rather than 

for its nutritional value. 

Another fonn of territorial (as well as predatorial) defense is Palythoa's 

ability to retain sediment in its body walls (Sebens 1981; Suchanek and Green 1981; 

Fadlallah et al. 1984; Haywick and Mueller 1997). The sediment allows the colonies 

to survive in very high energy zones by acting as a stabilizer against high wave 

energy, as well as being highly unappealing to predators (Haywick and Mueller 

1997). 

Due to its high growth rates (linear growth = 2.5 - 4.0 rnm/day) and lack of 

predators, Palythoa is an extremely aggressive competitor for space (Suchanek and 

Green 1981; Bastidas and Bone 1996;. Mueller 1992). With the exceptions of the 

encrusting gorgonian Erythropodium caribaeorum (Karlson 1980; Brazeau and 

Lasker 1992) and the colonial tunicate Trididemnum solidum (Birkeland et al. 1981), 

Palythoa has been shown to be capable of overgrowing most other sessile 

invertebrates (Karlson 1980; Sebens 1981; Suchanek and Green 1981). Palythoa's 

competitive abilities haven't been studied in southeastern Florida. Future studies will 

need to take into account that short-tenn studies lack the ability to identify all factors 

that might contribute to the patterns observed (Sebens 1981; Bastidas and Bone 

\996). 
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1.2.4. Population size regulation 

Fast growing organisms such as zoanthids and sponges can have a competitive 

edge over stony corals when nutrient supply is high (Buss and Jackson 1981; Goreau 

1992; Hallock et al. 1993; McCook 1999; Holmes 2000). Lapointe et al. (2002) 

believe that Palythoa is an indicator of nutrient enrichment, and that reduced stony 

coral cover is significantly correlated with an increased Palythoa population. Costa 

(2001) also believes that Palythoa are the organisms most adapted to take advantage 

of an increase in nutrient concentrations in coastal areas. The estimated 41km2 of 

shallow reef habitat in Broward County is constantly influenced by coastal run-off, 

tidal exchanges from Port Everglades and approximately 140 MGD of treated 

wastewater. With suitable substrate and excessive nutrients available, the question 

now raised is why isn't Palythoa taking over the reefs in southeast Florida since they 

seem to be in such a prime location for domination? Previous research suggests that 

Palythoa is capable of overgrowing most scleractinian corals, so there must be some 

unknown limiting factor keeping the population regulated. One possibility is that it is 

rare for sessile assemblages to be completely hierarchial (Buss and Jackson 1979) due 

to similar competitive abilities between species (Sousa 1984; Connell and Keough 

1985). Sebens (1982) stated that it may be competition with other encrusting 

organisms or zoanthids that affects Palythoa's distribution. Another possible 

explanation is that a population equilibrium maximum exists, at which point the 

population will focus its energy on maintenance, rather than growth (Tanner 1997). 

Tanner (1997) showed that density has "an obvious negative impact on Palythoa 

colonies ... " where the " ... main effects of increasing density are an increase in fusion 
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rates, and a decrease in fission rates". Tanner (1997) also found that large colonies 

had substantially lower growth rates at the higher densities. Mortality, on the other 

hand, was unaffected by density, and recruitment was only marginally enhanced at 

intermediate densities (Tanner 1997). Palythoa population size is most likely 

regulated by fission and/or fusion when density reaches this unknown population 

equilibrium maximum (Tanner 1997). 

1.3. Review of Transition Matrix Models and Their Associated Analyses 

1.3.1. Transition Matrix Models 

The ultimate size of a sessile invertebrate population is determined by its 

fertility and mortality cycles (Bierzychudek 1982). Once these birth and death 

patterns have been identified, it is possible to predict changes in population structure 

through time, and examine the potential effects of those changes on the population 

(Bierzychudek 1982). Population projection (also known as transition) matrix models 

are an increasingly valuable tool for the evaluation of size class, age, or stage 

structured population dynamics (Hughes ·1984; Hughes and Connell 1987; van 

Groenendael et al. 1988; Babcock 1991; Caswell 1997a and 1997b; Bierzychudek 

1999). Population growth transition matrix models were first introduced by P.H. 

Leslie (1945, 1948). The Leslie model uses age-specific fecundity and survival rates 

to predict the eventual age structure of a population. "These models specify a matrix 

of transition probabilities between different size classes, age classes, or stages in a 

population from time t to time t+ I" (Bierzychudek 1999). The population 

(equilibrium) growth rate, lambda (A), is a function of the entries of the population-
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projection matrix, and can be used to assess the overall health of the population 

(Horvitz et al. 1997; Caswell 2001; Bierzychudek 1999). According to Bierzychudek 

(1999), "repeated iterations of a matrix can provide a projection of a population's 

equilibrium growth rate (under certain assumptions)". Finding the equilibrium 

growth rate will determine if the population will grow (or shrink) at a constant rate 

(Hughes 1984). A lambda value greater than 1.0 denotes a population capable of 

exponential growth, a value equal to one signifies stability, while a lambda between 

one and zero indicates that the population is in decline to eventual extinction (Hughes 

1984). Also, a population with a high growth rate (/.. > 1.0) is expected to exhibit an 

increased density and may eventually reach a population size at which density 

becomes a major factor in development (Bierzychudek 1999). 

The major assumption of the L.eslie model is that the population will grow or 

decline at a completely constant and linear rate, while preserving a stable age 

distribution (Hughes 1984). For a size class transition matrix, a population's stable 

age distribution is defined as the point at which each size class is changing by the 

factor /.. each time period (Bierzychudek 1999). Caswell (1989) makes the point that 

this kind of model should be considered a projection since stochastic changes in a 

population's environment make it highly unlikely that the vital rates measured for a 

population will in fact remain constant over time (Bierzychudek 1999). Keyfitz 

(1972) states that a projection is what would happen to a population if all assumptions 

and vital rates were constant, instead of forecasting what will happen. In 1965, 

Lefkovitch adapted the standard Leslie matrix model to eliminate any assumptions of 

relationship between an organism's size and age, thus presenting a model based on 
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stages. This was a biologically necessary step since, for most individuals, age is 

impossible to determine by observation alone, but given a known history of the 

species, a stage could be more readily identified (Lefkovitch 1965). For example, a 

human's age could at least be estimated by observing their current stage (e.g. baby, 

child, teenager, or adult). 

Stages can usually be identified in most species, but zoanthids are similar to 

scleractinian corals in that their growth is not strictly limited to a planar axis and their 

size does not necessarily reflect their age (Jackson and Hughes 1985). This makes it 

exceedingly difficult to estimate an individual's age or stage without having 

observations from the inception of the original parent colony(ies). Even if the parent 

colonies were known, Palythoa's ability to divide one colony into several "daughter" 

clone colonies (and fuse back together. again) creates huge variations in size between 

individuals in the same age class (Hughes 1984). These variations can easily lead to 

an overestimate of survivorship since it is incredibly difficult (if not impossible) to 

distinguish between a new recruit and a rejuvenating individual (Mertz and Boyce 

1956; Hughes and Jackson 1980; Hughes 1984). Therefore, a size-class transition 

matrix model is the only suitable model for examining Palythoa population dynamics. 

Additionally, transition matrix models (such as the Lefkovitch model) need to 

take into account shrinkage, growth, and non-growth. Non-growth represents a stage 

that does not progress/develop into whichever stage is next, but rather maintains its 

current size. The Hughes (1984) size-class transition matrix model takes all of these 

considerations into account but also includes asexual fragmentation and partial 

mortality. The Hughes model was used as the basis for this study. 
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In a size-class transition matrix model, a matrix M is constructed of the 

probabilities (a) of one size class (i), transitioning to another size class (;), which is 

written as aij (i.e. if a colony in size class 1 was to transition into size class 7 it would 

be written as (17). The vector (v) represents the number of individual colonies in 

each size class at time t (Bierzychudek 1982). Thus resulting in a matrix M(t) 

multiplied by the vector (v) which provides the "probabilities of transition" between 

differing size classes at the time interval (t, t+ 1) (Bierzychudek 1982, 1999). By 

evaluating the matrix, a population's equilibrium (or stable) growth rate ()..) can 

(under certain assumptions) be ascertained because, in the terminology of linear 

algebra, the growth rate ()..) is the dominant eigenvalue of the matrix (Leslie 1945; 

Caswell 1989; Bierzychudek 1999; Case 2000). 

1.3.2. Sensitivity and Elasticity Analyses 

Critical life history stages can be identified by investigating a transition 

probabilities matrix with sensitivity and elasticity analyses (Bierzychudek 1999). 

Sensitivity and elasticity values are a function of the specific entries in the transition 

matrix (Bierzychudek 1999; Caswell 2000) and can be used to "predict the response 

of lambda to changes, of any size, in any or all of the parameters" (Caswell 1978, 

200 I). By identifying the transitions that contribute the most to the dynamics of a 

population, we know what to focus on for future research. 

The sensitivity is the slope of log lambda as a function of aij and is an integral 

part of demographic analysis importance using).. as a measure of population growth 

rate and of fitness (Caswell 1978; Caswell and Trevisan 1994; Caswell 2000; Caswell 
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2001; Caswell et al. 2004). Caswell (2001) reports that "elasticity is the slope oflog 

lambda as a function of log crij". For any single matrix, the elasticities of A. measure 

the proportional contribution of the matrix entries to population growth and sum to 1 

(de Kroon et al. 1986; Caswell 1989; Mesterton-Gibbons 1993; de Matos and Matos 

1998; Benton and Grant 1999; Mills et al. 1999; de Kroon et al. 2000; Grant and 

Benton 2000; Heppell et al. 2000; Ehrlen et al. 200 I). 

Neither analysis is better suited, less bias, or more accurate than the other, 

rather, they are different ways of looking at a perturbation of the matrix model. For 

instance, if a transition probability value were increased from zero to a small positive 

number the sensitivity indicates what would happen to lambda while the elasticity 

would indicate what proportion of that change contributes to lambda (see van 

Groenendael et al. 1994) (Horvitz et aI.1997). 

1.4. Study Goals 

The current study has two main goals, and was conducted in two parts. The first 

goal (Part One) is to use digital imagery to quantify the spatial cover of Palythoa and 

provide a general overview of the Palythoa population present across the study area. 

This information fills an informational void regarding the role of zoanthids in the 

benthic community of SE Florida. 

The second goal (Part Two) is use· digital analysis data to determine if it is 

possible to create an accurate size class transition matrix model for Palythoa. The 

model is then tested by comparing the predicted outcomes of the model with observed 

outcomes from the digital image analysis. Any statistically significant differences 
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between the observed and predicted observations are examined and subsequent 

sensitivity and elasticity analyses were run on the appropriate results. Finally, I 

assessed the data and duration of monitoring needed for future studies, and explored 

any limitations of the current study. 
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2.0. METHODS AND MATERIALS 

201. Study Sites 

Data were collected from 16 permanent reef monitoring sites established for the 

Broward County Annual Monitoring Project in southeast Florida (Table I, Figures 1 & 

5) (Gilliam et al. 2006, 2007). Each site consists of a belt quadrat transect marked with 

21 stainless steel pins fixed in the substrate, one meter apart (± 1.0 cm). Transect pins 

were arranged linearly running generally in a north/south direction. The quadrat in the 

northeast corner of each transect was assigned quadrat # 1 in order to keep the quadrats 

consistent. Transect analysis at each site is consistent with methodology described by 

Dodge et al. (1982), with 30m' of bottom being analyzed per transect (O.75m' x 40 

quadrats). 

Table 1: Coordinates, reef designations, and depths for each of the 16 monitoring sites. 

SITE REEF DEPTH LATITUDE LONGITUDE 
(ft) (ddommm) (ddommm) 

HH2 Inshore Ridge Complex 19 2600.694 N 8006.757 W 

JUL6 Inshore Ridge Complex 12 2604.912N 8006.222 W 

FfL4 Inshore Ridge Complex 20 2608.208 N 8005.844 W 

FfLS Inshore Ridge Complex 25 2608.985 N 8005.8toW 

FfLl Inshore Ridge Complex 19 2609.534 N 8005.747 W 

POMP4 Inshore Ridge Complex 20 2612.732 N 8005.201 W 

POMPl Inshore Ridge Complex 20 26 11.435 N 8005.225 W 

JULl Middle Reef 40 2600.301 N 8005.8 13 W 

POMP2 Middle Reef 48 26 11.328 N 8004.803 W 

RB2 Middle Reef ·35 26 16.535 N 8004.262 W 

DB2 Middle Reef 37 2618.628 N 8004.026 W 

BOCAl Middle Reef 30 2620.803 N 8003.883 W 

POMP6 Middle Reef 52 2614.566N 8004.398 W 

JUL8 Outer Reef 50 2604.995N 80 05.099 W 

POMPJ Outer Reef 51 2611.214N 8004.365 W 

HB3 Outer Reef 49 2616.425N 8003.818 W 
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Figure 5: LADS bathymetry data of Broward County, Florida showing the locations of 
the 16 permanent monitoring sites. Monitoring site locations are shown as labeled dots. 
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2.2. Data Collection 

2.2.1. Field Techniques 

Using SCUBA, images of each traosect quadrat were taken using a digital 

camera (Olympus 5060 with Ikelite housing) fitted with a wide aogle lens (equivalent 

to a conventional 20mm lens) attached to a 0.75m2 quadrat framer (Figure 6). Tags 

with the site code, quadrat number (1-40) aod date were attached to the framer 

(Figure 7) and included in each image for reference. Two divers were used to control 

the camera and framer positioning. The dates of the annual visits for 2002-2006 cao 

be found in Table 2. 

Figure 6: Diver photographing 0.75m2 quadrats along a 30m2 traosect. 
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Figure 7: Example of a phototransect quadrat image with Palythoa cover. 
Note site code (FTIA), quadrat number (#39) and date (Sept 21). 

Table 2: Dates of the 16 annual site visits (Note: Site FTLS was added to the project in 
2003). 

DATE DATE DATE DATE DATE 
Site COMPLETED COMPLETED COMPLETED COMPLETED COMPLETED 

2002 2003 " 2004 200S 2006 

HH2 16 Sep 2002 10 Sep 2003 18 Aug 2004 07 Feb 2006 24 Aug 2006 

JUL6 23 Oct 2002 13 Oct 2003 14 Oct 2004 09 Dec 2005 24 Aug 2006 

ITL4 25 Oct 2002 18 Sep 2003 03 Nov 2004 13 Jan 2006 11 Oc.2006 

ITLS NlA 25 Nov 2003 03 Nov 2004 14 Oct 2005 13 Oct 2006 

FILl 02 Oct 2002 20 Oc. 2003 30 Aug 2004 14 Oc. 2005 06 Sop 2006 

POMP4 09 Oct 2002 20 Oct 2003 19 Aug 2004 20 Dec 2005 11 Oct 2006 

POMPl 07 Oct 2002 30 Sep 2003 01 Dec 2004 l7Fcb2006 25 Aug 2006 

JULl 16 Sep 2002 10 Sep 2003 18 Aug 2004 07 Feb 2006 24 Aug 2006 

POMP2 09 Oct 2002 01 Oct 2003 19 Aug 2004 09 Dec 2005 11 Oct 2006 

HB2 07 Oct 2002 30 Sep 2003 19 Aug 2004 01 Sep 2005 25 Aug 2006 

DB2 08 Oct 2002 IS Sep 2003 19 Oct 2004 12 Oct 2005 09 Oct 2006 

BOCAI 22 Oct 2002 IS Oc. 2003 31 Aug 2004 15 Sep 2005 08 Sep 2006 

POMP6 02 Oc.2002 02 Oct 2003 30 Aug 2004 13 Jan 2006 06 Sep 2006 

JUL8 16Sep2oo2 10 Sep 2003 18 Aug 2004 07 Feb 2006 24 Aug 2006 

POMP3 07 Oct 2002 18 Sop 2003 19 Oct 2004 01 Sep 2005 2S Aug 2006 

HB3 08 Oct 2002 IS Sep 2003 26 Oct 2004 12 Oct 2005 09 Oct 2006 
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2.2.2. Laboratory Techniques and Photographic Analysis: 

The digital images of each site were analyzed using Coral Point Count with 

Excel™ extensions (CPCe). Although the monitoring project has 25 sites, 9 of those 

sites were removed from this study because the sites either did not have Palythoa 

cover for at least one sampling period, or the image sets were incomplete or 

unsuitable for image analysis. CPCe's scaling calibration (Figure 8) and area trace 

options (Figure 9) were used to accurately determine the planar area of the Palythoa 

colonies (Kohler and Gill 2006). Care was taken to not include anything outside of 

the frame, dead spots in the colonies, or any area where another species had 

overgrown Palythoa. 

Enter spanned di$t~e: 110 I em 

Calculate) 

Figure 8: Screenshot of the image scaling and calibration process (Kohler and Gill, 
2006) 
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Figure 9: Screenshot of the CPCe software, showing traced areas and lengths, 
outlined areas, and movable text boxes. The areas of traced regions can be saved 
as bitmapped images. 

2.2.2.1. Part I: General Palythoa population dynamics 

For all 16 sites, the total live Palythoa colony area (cm2) of each 

individual transect quad (1-40) within each site was calculated. Additionally, the 

total cover area (cm2) and percent live cover were determined for each site. All 

sites were analyzed in this way for each sampling year (2002-2005) resulting in a 

mean percent live cover and the yearly change in percent live cover (Figure 10). 

The data was then grouped into one of six treatments: All Sites (All), High 

Cover (HC), Low Cover (LC), Inshore .Ridge Complex (IRC), Middle Reef (MR), 

and Outer Reef (OR) (Note: Although monitoring sites exist on the Inner Reef, they 

were not included in the present study due to incomplete data). Single factor 

ANOVA's were run to test for significance within reefs among years and among 

reefs within years. Parametric ANOVA relies on the assumption of normally 
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distributed data and constant variance between groups (sites or years). In order to 

address tbese assumptions, Palythoa cover data was arcsine transformed prior to 

statistical analyses. 

2004 2005 
Total cover in quad: 924.71 em' Total cover in quad: 1102.6 em' 

Figure 10: Example images of increase in total Palythoa area (cm2) from 2002-2005 at 
site HB2 Quad #2 using CPCe software. Note: Colonies are outlined in red; individual 
colony areas (cm2) are listed in white boxes. 

24 



2.2.2.2. Part 2: Transition Matrix Model 

2.2.2.2.1. Life Cycle Graph and General Matrix Model 

In order to understand the complex dynamics of Palythoa, a life cycle 

graph was created (Figure 11). "A life-cycle graph describes the transitions an 

individual can make, during a projection interval, among the i-state categories that 

define its life cycle" (Tuljapurkar and Caswell 1997). Arrow directions represent 

"the contributions from one stage to another resulting from the movement of 

individuals from one stage to another (e.g., by growth, or aging) or from 

production of new individuals (e.g., by birth)" for a determined projection interval 

(Tuljapurkar and Caswell 1997). The general matrix model entries correlate to 

the coefficient associated with each of the movements or transitions between 

stages in the life cycle graph. When looking at a general size-class transition 

matrix model (Figure 12), "probabilities below the diagonal represent net growth 

into a larger size class. The diagonal describes the likelihood of an individual 

remaining in the same size class, either through a slowing down in growth rates, 

or a balance between growth and shrinkage. Finally, probabilities above the 

diagonal represent contributions to a smaller size class, i.e., through shrinkage, 

fragmentation, or sexual reproduction" (Hughes 1984). Following the Hughes 

(1984) general graph model (Figure 12), I created a life cycle graph for Palythoa 

using a projection interval of one year; and seven separate "nodes" (also known as 

size classes; see Table 3) (Caswell 1989). 
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Figure 11: Life cycle graph for Palythoa caribaeorum. Nodes/Size Classes: n] = recruit, 
n2 = small juvenile, n3 = juvenile, n4 = intermediate, n5 = small adult, n6 = adult, and n7 = 

super adult. Arrows represent the possibilities of transitions between each size class. 

Table 3: Size class designations for the Palythoa colonies used to make the transition 
probability matrices. Size classes were determined by personal observations and the 
approximate equal distribution over those seven size classes of the 85 colonies selected 
for the study. 

Size Class Area (em') Description 

1 O-lOcm2 Recruit 
2 11-3Ocm2 Small Juvenile 
3 3l-50cm2 Juvenile 
4 51-100cm2 Intermediate 
5 IOI-3OOcm2 Small Adult 
6 301-600cm2 Adult 
7 601+cm2 Super Adult 
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Figure 12: The Hughes (1984) general size class transition probability model 
showing how transition nodes from the life cycle graph represent transition 
frequencies values in the matrices. 

2.2.2.2.2. Colony selection and tracing 

Nine sites were selected from the original 16 sites (Part One) based on 

both their distribution over each of the three reef classifications and the presence 

of Palythoa throughout all sampling Reriods. Individual colonies were identified 

from each of those nine sites, and were traced and tracked for all five annual 

sampling periods (2002-2006). Selection of the colonies included their proximity 

to the framer center (colonies in the center of the quad were preferred over any 

that touched the edges, or went outside of the quad), as well as the relief (colonies 
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that were growing on a flat surface were chosen over any growing on relief or that 

might be perpendicular to the substrate). If any of the colonies asexually divided, 

their ramets were also tracked for all five years. Each colony was traced using 

CPCe to determine their individual area (cm2) values. The colonies were assigned 

a size class number based on their area (cm2) (Table 3). 

2.2.2.2.3. Size Class Transition Probability Matrix 

The creation of the following matrices and subsequent analyses were done 

using MATLAB® R2006a. In order to fully understand the demography and 

dynamics of Palythoa, a size class transition model was used. "This approach is 

appropriate for dealing with zoanthid populations because these tropical 

cnidarians are long-lived, fission is . common, survivorship is size-dependent, and 

age and size are decoupled as determinants of life history" (Karlson 1988, 1991). 

A size class transition model makes several important assumptions that have 

direct bearings on the parameterization of the model: 

1) Population density plays no. role in the population's growth rate 

(Bierzychudek 1999). 

2) All individuals within the stages are equal; therefore, no information 

regarding individual colony-fate is entered. 

3) Over the modeled time-sequence, the model acts as a single-step 

Markov chain, which means that outcomes t+ 1 are always dependent on 

outcomes at t, independent of t (i.e. the matrix must predict as correctly 

at step 2 as at step 1000) (Usher 1979). If this isn't the case, a possible 

biological explanation would be density dependence or altered 

environment, which leads to different survivabilities in the classes. In 

such a case, several matrices may be necessary. 
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I used the seven "nodes" (or size class designations; Table 3) from the life 

cycle graph (Figure 11) and followed the Hughes (1984) example to predict the 

change in the number of individual colonies within a single cohort (i.e. size class). 

I grouped the highest percent cover (HC) sites (>1%) as well as the low cover 

(LC) sites «I %) for each year. I also grouped the sites into their respective reef 

tracts (Inshore Ridge Complex (IRC), Middle Reef (MR), and Outer Reef (OR)), 

in order to look at any cross shelf variation. For each treatment (e.g. All, HC, LC, 

IRC, MR, OR), I found the mean matrix of all years (2002-06). 

In a perfect situation with no variability, the vector (v) (number of the 

colonies in a size class per year) of any given year when multiplied by the mean 

matrix should result in the following year's vector (vector 2003 * Mean matrix 

2002-06 = vector 2004). I then compared the distribution of the observed (from 

digital image analysis) vs. model predicted vectors for each year using a chi-

square test (Zar 1999). 

Finally, once the distributions were examined, the dominant eigenvalue 

was found for the mean matrix of each treatment. Using those values, the 

sensitivity and elasticity analyses were run in order to identify the elements in the 

matrix that when changed would influence the model's outcome the most (Tanner 

et al. 1994). I then addressed any unexplained stochastic variability as well as the 

assumptions of the model and their biological meaning (Hughes 1984). 

SEE APPENDIX FOR: 
FLOW CHART OF MAJOR STEPS TO COMPLETE PART ONE AND PART TWO 
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3.0. RESULTS 

3.1. Part One: General Palythoa population dynamics 

These results provide a general overview of the extent of the Palythoa 

population on southeast Florida's reefs. Data was collected from 30m2 belt transects at 

16 sites situated over the three reef classifications off of Broward County, FL for a 

period of 4 years (2002-2005). Using the information in Table 4, the mean percent live 

cover was calculated using the total Palythoa live cover (cm2) per 30m2 transect. 

Overall mean (±1 SD) Palythoa cover for all years was 2.27 ± 0.09%. 

Although no significant difference was determined (p > 0.05, ANOVA) for the 

mean percent live cover either within reefs among years or among reefs within years 

(Figure 13), the Inshore Ridge Complex had two of the three highest percent live cover 

sites for all years. Those three sites (FTL4, HB2, JUL6) had particularly high mean (±1 

SD) covers of 16.1 ± 0.63%, 5.4 ± 0.87% and 4.8 ± 0.38% respectively. The mean 

percent live cover of those three sites (8.8 ± 5.5%) for 2002 - 2005 is greater than the 

remaining 13 sites combined (0.8 ± 0.83%). The sites were grouped into High Cover 

sites (percent live cover >1%) and Low Cover sites «1%) (Figures 14 & 15) and 

although it does not lend itself to statistical comparison, the mean percent live covers 

(+ISD) for both High Cover and Low Cover sites were compared in Figure 16. 
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Table 4: Continued. 
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Table 4: Continued. 

Site Sample Year 
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Mean Percent Live Cover of Palythoa by Reef (2002-2005) 

002002 00 2003 02004 I!J 2005 

Inshore Ridge Complex 
(n~ 7) 

Middle Reef (n 0=6) Outer Reef (n=J) Overall (n~ 16) 

Figure 13: Mean percent live cover (untransformed) of Palythoa by reef for all 16 sites. 
Error bars reflect one standard deviation. 
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Percent Live Cover of Palythoa for all High Cover Sites 
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Figure 14: Percent live cover (untransformed) of Palythoa by site for al1 High Cover 
(> 1 %) sites for each year (2002-2005). 
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Figure 15: Percent live cover (untransformed) of Palythoa by site for all Low Cover 
«1 %) sites for each year (2002-2005). Note scale change from Figure 14. 
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Palythoa Mean Percent Live Cover for IDgb vs. Low Cover Sites (2002-2005) 

"'High(_) iii Low (1F1l) 
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Figure 16: Mean percent live cover (nntransforrned) of Palythoa for High and Low Cover 
sites. Error bars reflect one standard deviation. 

3.2. Part 2: Transition Matrix Model 

The second part of the stndy tracked 85 colonies and their isolates from 9 of the 

original 16 stndy sites from 2002-2006 (Table 5). So, as the first step, colony 

abnndance was connted each year respective to the size-class bins that were to be used 

in the projection matrix (Table 6). When the abnndance of each size class was graphed 

over the entire investigated time-span, an overall trend showed decline in all size 

classes (Figure 17). This could be seen as an indication of overall population reduction, 

which made the investigation of the population's A, (overall population growth rate) 

important. Figures 18 & 19 show the same results broken out into High & Low Cover 

(Figure 18) and Inshore Ridge Complex, Middle Reef and Outer Reef (Figure 19). 
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Table 5: High and low percent live cover, and reef designations for the nine Part Two 
study sites. 

Middle Reef HB2 5.4± 0.87% 

Overall 7.1 ± 

Low Cover Sites 

Table 6: Total number (abundance) of colonies in the 7 assigned size classes in each 
sampling year (2002-2006) for all 9 sites. The columns refer to size classes described in 
Table 3 

I I 2 3 4 5 6 7 

2002 16 18 14 18 14 8 5 

2003 18 15 21 12 17 6 7 

2004 19 17 17 14 17 7 10 

2005 35 20 11 18 20 6 8 

2006 40 26 13 14 18 6 10 
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Observed Colony Abundance for each Size Class 
for All Sites (2002-2006) 

Overall (0 - 16) - 2002 
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Figure 17: Observed number of individual colonies ( abundance) for All sites 
in the size classes chosen to populate the transition matrix model. 

Observed Colony Abundance for each Size Class (2002-2006) 
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Figure 18: Observed colony abundance in the size classes chosen to populate 
the transition matrices for High and Low Cover sites. 
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Observed Colony Abundance for each Size Class (2002-2006) 

Inner Reef Complex (0-3) 
25r-------------------------~------------------__, 
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Size Classes 

Middle Reef (0=-3) 
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2 3 • 5 6 7 
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25r----------------~~~~~~--------------_, 

20 

~ 15 

~ 10 

5 

2 3 4 5 6 7 

Size Oasses 

- ZOOl 

- 2003 

200' 
- 200S 

- 2006 

- 2002 

- 2003 

2004 

- 2005 

- 2006 

- 2002 

- 2003 

2004 

- 2005 

--2006 

Figure 19: Observed colony abundances in the size classes chosen to populate the 
transition matrices for the Inshore Ridge Complex, Middle Reef, and Outer Reef. 

Bearing the aforementioned model assumption constraints m mind, the 

transitions among the chosen sIze classes were evaluated for the eventual 

parameterization of the matrix model. Table 7 shows the number of colonies within 

each transition year (e.g. 02-03) and their respective transition frequencies among size 

classes (i.e. the percentage of how many originally' available colonies in size class i 

changed into size class i+ lover a single time interval). 
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Table 7: The transition year columns (e.g. 02-03, 03-04, etc.) represent the number of 
colonies present in each size class transition (e.g. all, a2h etc.) within each transition year 
while their respective transition frequencies columns represent the percentage of how 
many originally available colonies in size class i changed into size class i+ lover a single 
time interval (all). 

ALL SITES COLONY SIZE CLASS CHANGE OVER YEARS 
Size Clals Transition Transition Transition Transition 

Tran-sitions 02-03 Freouenc\' 03-04 Froouencv 04,,05 FreQuencv 05·06 Freouencv 

• 10 0.63 20 0.17 24 0.80 41 0.82 
-;;: 3 0.19 5 0.19 2 0.07 9 0.18 
." .. 3 0.19 0.00 0.00 0.00 

• 0.00 I 0.04 1 0.03 0.00 

• 0.00 0.00 2 0.07 0.00 
a., 0.00 0.00 0.00 0.00 
a- 0.00 0.00 1 0.03 O.O~_ 

SUM I • U 30 SO 
. -;;: 4 0.21 2 0.12 5 0.25 7 0.30 

a •• 11 O-,S 9 0-'3 12 0.60 12 0-'2 
a 4 0.21 6 0.35 3 0.15 2 0.09 
Co. 0.00 0.00 0.00 2 0.09 

• 0.00 0.00 0.00 0.00 .. , 0.00 0.00 0.00 0.00 
-;;: 0.00 0.00 0.00 0.00 
o;l" 1 to " 241 23 
0 2 0.13 3 0.14 3 0.18 2 0.18 
u=- 3 0.]9 2 0.10 2 0.12 1 0.09 

• 8 0.50 8 0.38 6 0.35 5 0.4S -n.: 3 0.19 5 0.24 6 0.35 3 0.27 
au 0.00 2 0.10 0.00 0.00 

--;;: 0.00 I 0.05 0.00 0.00 
a •• 0.00 0,00 0.00 0.00 

sr).! 16 II 17 11 .... 3 0,17 I O.OS 2 0.14 3 0.16 
~ 0.00 I 0.08 I 0.07 I 0.05 .... 4 0.22 I 0.08 1 0.07 2 0.11 ... 7 0.39 5 0.38 6 0.43 10 0-'3 ... 4 0.22 4 0.31 4 0.29 3 0.16 
--;;: 0.00 0.00 0.00 0.00 .... 0.00 1 0.08 0.00 0.00 
~U1II 18 \) .. l' ... 0.00 2 0.12 I 0.06 3 0.15 
--;;:: 0.00 0.00 I 0.06 0.00 
0- 1 0.07 0.00 0.00 1 0.05 

--;;: 2 0.13 2 0.12 5 0.28 0.00 .... 12 0.80 9 0.53 10 0.56 12 0.60 
--,;: 0.00 4 0.24 1 0.06 3 0.15 

Lor ' 0.00 0.00 0.00 1 0.05 
Sl'\l 15 10 18 10 ... 1 0.11 1 0.17 0.00 0.00 
--;;: 0.00 0.00 0.00 0.00 
~. 0.00 0.00 1 0.14 0.00 

--;;: 0.00 0.00 0.00 0.00 .... 1 0.11 1 0.17 3 0.43 2 0.33 
--;;: 5 0-'6 2 0.33 3 0.43 3 0.50 - 2 0.22 2 0.33 0.00 1 0.17 
Sl :\I 9 6 • 6 .... 0.00 0.00 0.00 0.00 
--;;: 0.00 0.00 0.00 0.00 .... 0.00 0.00 0.00 0.00 
--;;: 0.00 0.00 0.00 0.00 .... 0.00 1 0.14 1· 0.10 0.00 
--;;: 0.00 0.00 2 0.20 0.00 
-,;:; 5 1.00 6 0.86 7 0.70 8 1.00 

!)lJl\1 ; , 111 ~ 
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From Table 7, four matrices were produced, one for each transition year (2002-

3,2003-4,2004-5,2005-6; Table 8). The mean of all transitions over all years of these 

four matrices was used to build an overall projection matrix (Table 9). 

Table 8: Transition frequency matrices of All sites for each transition year. 

. I I r·· -:.. ~.;-c . I --~ - -~-~ 
~ - .. - .i , fr:": ) 'J ' ;":--- -_ • - TlI--- _. ""-~-- --- -------- - -- = ~-- - - ---

... 1 2 3 . 4 5 6 7 

. 1 0.63 0.19 0.19 0.00 0.00 0.00 0.00 

2 0.21 0.58 O.ll 0.00 0.00 0.00 0.00 

. 3 0.13 0.19 0.50 0.19 0.00 0.00 0.00 

4 0.17 0.00 0.22 0.39 0.22 0.00 0.00 

5 0.00 0.00 0.07 0.13 0.80 0.00 0.00 

6 0.11 0.00 0.00 0.00 0.11 0.56 0.22 

7 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
~ -. - '''- ~-.,...,," ...... ~ . ,,-_. . . ----- T -~=-, 'i _ =.L ___ '_ ._ _ _ _ r~ , _ , ;_ ~~ ~~ _ _ -=-=-. _ 1;- -

_-=----- _ =-or- ~ 

1 2 3 4 5 6 7 

1 0.77 0.19 0.00 0.04 0.00 0.00 0.00 

1 0.12 0.53 0.35 0.00 0.00 0.00 0.00 

3 0.14 0.10 0.38 . 0.24 0.10 0.05 0.00 

4 0.08 0.08 0.08 0.38 0.31 0.00 0.08 

5 0.12 0.00 0.00 0.12 0.53 0.24 0.00 

6 0.17 0.00 0.00 0.00 0.17 0.33 0.33 

7 0.00 0.00 0.00 0.00 0.14 0.00 0.86 - " , - -~~ - ... -... -~ --J II I I.II_~ ."--~'~-. ':" ) '·~-----I--~-.--r 
_.-.:~~:~--v- - .. ~~---=----=- - ~- '===.' 

1 2 3 4 5 6 7 

1 0.80 0.07 0.00 . 0.03 0.07 0.00 0.03 

2 0.25 0.60 0.15 0.00 0.00 0.00 0.00 

3 0.18 0.12 0.35 0.35 0.00 0.00 0.00 

4 0.14 0.07 0.07 0.43 0.29 0.00 0.00 

5 0.06 0.06 0.00 0.28 0.56 0.06 0.00 

6 0.00 0.00 0.14 0.00 0.43 0.43 0.00 

7 0.00 0.00 0.00 0.00 0.10 0.20 0.70 

~ l ~(~;~~-'=-~-:':J_ ~=-~ -==~~~:_=-:~I 
1 2 3 4 5 6 7 

1 0.82 0.18 0.00 0.00 0.00 0.00 0.00 

2 0.30 0.52 0.09 0.09 0.00 0.00 0.00 

3 0.18 0.09 0.45 0.27 0.00 0.00 0.00 

4 0.16 0.05 0.11 0.53 0.16 0.00 0.00 

5 0.15 0.00 0.05 0.00 0.60 0.15 0.05 

6 0.00 0.00 0.00 0.00 0.33 0.50 0.17 

7 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
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Table 9: Mean transition frequencies for All sites (2002-2006). 

0.56 0.20 0.02 0.00 0.00 0.00 

0.05 0.12 0.43 0.25 0.00 0.02 

7 0.00 0.00 

Using Matlab®, the dominant eigenvalue (A) was obtained from the mean 

(2002-2006) matrix (e.g. Table 9) for all treatments (All, HC, LC, IRC, MR, OR) 

(Table 10). Since all treatments resulte<,i in a lambda value equal to or near 1.00, this 

would suggest that the Palythoa population in southeast Florida is stable (neither 

growing nor shrinking) (Figure 17). 

Table 10: Dominant eigenvalues (lambda values) for the mean transition matrices 
of all treatments 

Lambda Values for Mean Matrices 

Treatment l 
All Sites 1.00 . 

Hil!h Cover 1.00 . 
Low Cover 0.99 

Inshore Ridl!e Complex 1.00 

Middle Reef .. 0.99 

Outer Reef 1.00 
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Since a base assumption of stage-based models is that a single matrix can 

predict population growth at any arbitrary time-step, I used this matrix to test whether it 

could indeed correctly predict the population vectors of the known (observed) 

following years (population vectors in Table 6) (Figures 20-25). A standard chi-square 

test was run for each treatment (e.g. All, HC, LC, IRC, MR, OR) each year to 

determine if there were any significant differences between the distribution of the 

observed (from digital analysis) and predicted (from the model) results. The results and 

any significant differences are found in Table II. Any significant differences were 

examined in order to determine any factors that may have impacted the results. 

All Sites Observed vs. Predicted Size Class Abundances for 2003 ., 

, 
Size Classes 

r---- Ob/;crvcd 1 

1_ Predicted . 
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All Sites Observed Vi. Predicted Sile Uass Abundances for 2004 

'",~--------F-"===i! 

Size Classes 

All Sites Ob8erved vs. Predicted SIR Oass AbIUdIDCCI for 2006 

Size Classes 

Figure 20: Observed vs. predicted colony abundance in each size class per year for All 
sites. 
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Figure 21: Observed vs. predicted colony abundance in each size class per year for the 
High Cover sites. 
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lAIw Cover Observed vs. Predicted Sill! Oall! Abundances for 2006 

Figure 22: Observed vs. predicted colony abundance in each size class per year for Low 
Cover sites. 
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Insbore Ridge Complex ObJerved VII. Predicted 
Sl:lle aas. Abundances for 2003 

Size Classes 
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Figure 23: Observed vs. predicted colony 
Inshore Ridge Complex sites. 
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Figure 24: Observed vs. predicted colony abundance ill each size class per year for 
Middle Reef sites. 
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Outer Reef Observed vs. Predicted Sbr aass Abundance. fur 2004 

Size ClllSses 

" 

Size Classes 

Figure 25: Observed vs. predicted colony abundance in each size class per year for Outer 
Reef sites. 
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Table II: Chi-square comparison of observed vs. predicted model results for All, 
High Cover, Low Cover, Inshore Ridge Complex, Middle Reef, and Outer Reef sites 
(2003-2006). For DF= 6, a X2 = 12.592, therefore any p-value > 12.592 represents a 
significant difference in distribution (value denoted with an asterisk). 

.' Chi-Square Results " 

DF=6 P-value 
. All Sites . 

2003 4,647 
2004 3.124 
2005 10.004 
2006 4.181 

B il!:h Cover 
2003 2.100 
2004 2.192 
2005 6.897 
2006 5.708 

LowCover . 
2003 0.736 
2004 5.450 
2005 14.340* 
2006 1.878 

Inshore Rid!le Com' lex 
2003 1.750 
2004 5.167 
2005 9.292 
2006 5.478 

Middle Reef 
2003 2,149 
2004 2.381 
2005 13.917* 
2006 2.790 

Outer Reef 
2003 1.154 
2004 2.686 
2005 23.293* 
2006 2.967 
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When originally creating my model I chose not to include any density variables. 

Since the results of the chi square test showed that only the lower cover sites had 

significant differences from the model, I presumed that it implied that the high cover 

sites were density-dependent, and so therefore were not affected by the same 

environmental variations as the lower cover sites. Thus, since the density-dependent 

high cover sites violate the assumptions of my model, if I were to run the final 

sensitivity and elasticity analyses the results may not be accurate. So, in order to 

determine which size class transitions contribute the most to the dynamics of the 

population, the sensitivity and elasticity analyses were run only on the mean matrices of 

the treatments that had significant difference between the distribution of the observed 

and predicted vectors (Le, MR, OR) (Figures 26-37). Figures 26-37 are graphical 

representations of the resulting matrices ;md should be read accordingly. For example, 

Figures 26 and 27 represent the same data set (i.e. the results of the sensitivity analysis 

for the mean low cover matrix) and in both figures, the top left comer (in Figure 26-

dark blue, and Figure 27- lime green) represents the transition from size class I to size 

class 1 or all. The major difference is that Figure 27 is the scalar view (i.e. the log) of 

Figure 26. This was done in order to give a different view of the results and their 

significance. Any similarities or differences in the results of the analyses between 

treatments were examined and are explained in the discussion. 
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Mem Low CDftI" Sem1t1rity 

Figure 26: Eigenvalue sensitivity 
analysis of the mean Low Cover matrix. 

Melin LIJIII" Cllftr Elasticity 

Figure 28: Eigenvalue elasticity analysis 
of the mean Low Cover matrix. 

Me.Middle ReelSmslti"rity 

Figure 30: Eigenvalue sensitivity 
analysis of the mean Middle Reef 
matrix. 
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Figure 27: Eigenvalue sensitivity 
analysis of the mean Low Cover matrix
scalar view. 
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Figure 29: Eigenvalue elasticity analysis 
of the mean Low Cover matrix- scalar 
view. 
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Figure 31: Eigenvalue sensitivity 
analysis of the mean Middle Reef 
matrix-scalar view. 
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Figure 32: Eigenvalue elasticity analysis 
of the mean Middle Reef matrix. 
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Figure 34: Eigenvalue sensitivity 
analysis of the mean Outer Reef matrix. 
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Figure 36: Eigenvalue elasticity analysis 
of the mean Outer Reef matrix. 
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Figure 33: Eigenvalue elasticity analysis 
of the mean Middle Reefmatrix- scalar 
VIew. 

MUll Outre Reef Sensitivity 

0.6 

0.4 

~ 
(1.2 Vl 

~. 
I) ~: 

.Q.2 g, ,., 
0.4 

Figure 35: Eigenvalue sensitivity 
analysis of the mean Outer Reef matrix
scalar view. 
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4.0. DISCUSSION 

The zoanthid Palythoa caribaeorum population dynamics have been analyzed to 

assess the current community in the southeast Florida reef system. In order for this 

project to be valuable to local resource managers, temporal and spatial changes in 

Palythoa were examined. This study was conducted in two parts. 

4.1. Part One: General Palythoa population dynamics 

The goal of Part One was to use digital imagery analysis to quantify the spatial 

cover of Palythoa and provide a general overview of the Palythoa population present 

across the study area (2002-2005). These results fill a void of information regarding 

the distribution of zoanthids in southeast Florida. 

The results of the Moyer et al. (2003) paper (Figure 2) suggest the Inner Reef 

is zoanthid and algae-dominated. The study attempted to classify a large area, and I 

believe it may have led to an over simplification of the community present on the Inner 

Reef. The results of this study show that although no Inner Reef sites were included in 

this study, there is no indication of zoanthid domination on southeast Florida reefs. 

Interestingly, the Inshore Ridge Complex had 2 of the 3 highest Palythoa cover sites for 

all four sampling periods (2002-05) (Figure 13). Those three sites (FTL4, HB2, JUL6) 

had particularly high average individual covers, but the current study design does not 

allow for any hypotheses as to why these are the most populated sites. 

By using digital image analysis, I determined that there was no significant 

change in Palythoa percent live cover from 2002-2005. This is of importance because 
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although Palythoa has been reported as an aggressive spatial competitor, the results 

show that the population is actually maintaining size in southeast Florida. 

A common perception in southeast Florida is that Palythoa may have a 

negative effect on stony corals, so I compared my Palythoa population data to the 

historical stony coral mean percent live data from the Broward County Yearly 

Monitoring Project in southeast Florida (Gilliam et al. 2006, 2007) for all 16 sites 

(2002-2005) (Figures 38-40). When the mean percent live covers were compared for 

all sites, stony coral cover was greater than Palythoa each year. For the majority of 

both the High and Low cover sites, stony corals had a higher mean percent live cover 

than Palythoa each year (2002-05). Both populations seem to be maintaining size 

which suggests stabilization in the system. 

Palythoa vs. Coral Mean Percent Live Cover of All Sites (2002-2005) 
~ 

12 o Palythoa 13 Stony Corals 

" ;. 10 '" 
Overall (0=16) 

U 
~~ 8 =~ 
1l'" 

6 ~~ 

"+ ~~ 

= = 4 

" ::;: 2 

0 

2002 2003 2004 2005 

Figure 38: Comparison of Palythoa and stoll}' coral mean percent live cover (+ISD) for 
all 16 sites. 
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Figure 39: High cover Palythoa vs. stony coral mean percent live cover by site (n = 6). 

Low Cover Palythoa vs. Stony Coral Mean Pen:ent Live Cover by Site (2002-2005) 
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Figure 40: Low cover Palythoa vs. stony coral mean percent live cover by site (n = 10). 

These results suggest that even though the reefs in southeast Florida seem to be 

such a prime location for Palythoa to dominate, the Palythoa population is simply 

maintaining size. With high growth rates, a lack of predation, and the potent 

neurotoxin PTX, Palythoa should have been able to out grow/compete the majority of 

its spatial competitors (Karlson 1980; Suchanek and Green 1981; Sebens 1982). The 

relatively low live covers for the majority of the study sites suggest that there is an 

unknown regulatory factor (e.g. nutrient, spatial, etc.) involved. With an estimated 

41km2 of shallow reef habitat in Broward County and 140 MGD of nutrient-laden 

treated wastewater pumped into (or near to) the study area (Koopman et al. 2006), this 
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seems to challenge the Lapointe et al. (2002) theory that heavy nutrient loading leads to 

uncontrolled Palythoa growth. Although factors such as disease and bleaching were 

not captured in this data set, it may prove that they and/or an unknown self-regulated 

population size are factors in keeping the Palythoa population size from dominating 

southeast Florida. 

4.2. Part Two: Transition Matrix Model 

The goal of Part Two was to use digital analysis to determine if it was 

possible to create an accurate stage transition matrix model for Palythoa. The model 

was then tested by comparing the predicted model results with the observed results 

from the digital image analysis . Any statistically significant differences between the 

observed and predicted observations were examined and the subsequent sensitivity and 

elasticity analyses were run on the appropriate results. Finally, I provided 

recommendations for the data and duration of monitoring needed for future studies, and 

explored any limitations of the current study. 

Accurate predictive models of ecological communities are greatly needed 

(Keddy, 1992). The scientific community has only in the last 25 years begun to 

recognize the importance of modeling as a way to accurately predict the future states of 

communities (Keddy, 1992). So, in order to begin to understand the complex and 

stochastic population dynamics of Palythoa, it was necessary to look at these data on 

another level then just the population density of individuals. First, I created stage-based 

transition matrices for the years 2002-2006 (e.g. 2002-03, 2003-04, etc.). By taking the 

mean of all four transition matrices, I was able to determine the population growth rate 
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(A= 1.0) for the overall population. This suggests that the population is maintaining size 

since a lambda value equal to 1.0 signifies stability (Hughes 1984), which agrees with 

the Part One results that the Paly/hoa population is maintaining size, rather than 

growing or shrinking. 

In order to test the accuracy of the model, the predicted results of the model and 

the actual observed results from the digital image analysis were analyzed using a 

standard chi-square test. The only significant differences between the observed and 

predicted vector chi-square results were for the Low Cover, Middle Reef, and Outer 

Reef sites in 2005. This may be explained by the severe high energy hurricane seasons 

that southeast Florida experienced in 2004 and 2005. Crossing directly over the reefs, 

Hurricanes Francis (August 25th 
- September 8th

) and Jeanne (September 13th 
- 28th

) 

both made landfall in Broward County, FL in 2004. In 2005, Hurricanes Katrina 

(August 23m - 30th
) and Wilma (October 17th _25 th

) hit south Florida, and although they 

did not directly cross the reefs of the study area, they are two of the six most intense 

storms ever recorded in the Atlantic basin. In 2004, five of the nine sites were sampled 

after the hurricanes passed, and all of the sites in 2005 were sampled either between 

hurricanes or after both had passed. Palythoa's reaction to the disturbances was 

obvious as was the year that it took to regain population stability/equilibrium. This was 

shown by the significant difference between the observed and expected outcomes of the 

model for the Low Cover, Middle Reef, and Outer Reef in 2005, but not in 2006. The 

data suggests that the lower cover Palythoa population didn't regain full normal 

distribution again until the 2006 sampling period. The most interesting aspect of these 

results is that only the Low Cover sites and deeper (Middle and Outer) reefs were 
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significantly impacted. Initially, this seems counter intuitive, because one would 

expect the shallower reefs (which received the majority of the brunt of the storm's 

energy) to have been impacted the most. But, Palythoa normally thrives in high-energy 

shallow areas; their conjoined polyp colony formation and ability to retain carbonate 

sediment in their body walls allows Palythoa to minimize the damaging drag of water 

flow. The High Cover sites and Inshore Ridge Complex may have taken the brunt of 

the wave action, but because of the sheer density of the population, they seemed to have 

faired better than the individual colonies in the Low Cover sites and deeper (Middle 

and Outer) reefs. The exact mechanisms involved with the hurricanes that resulted in 

such a large size class distribution disturbance (e.g. high energy waves 

damaging/stressing the colonies, lack of nutrition, turbidity, etc.) are unknown. Rather, 

my conclusion is that the model was ac~urate and sensitive enough to pick up a large-

scale disturbance. In future work, the components of the study design and model will 

need to be fme-tuned to determine if it is possible to show small scale disturbances. 

Table 12: Site visits relative to the 2004 and 2005 high energy hurricane seasons. 
Asterisks denote sites that were visited post hurricanes Frances and Jeanne in 2004 and 

·th b h· K · d W·lm ft b th h d d el er etween UITlcanes atrmaan I aora er 0 a I passe. 

Reef Site 
2004 Date 2005 Date 
Completecl Completed 

Inshore Ridge Complex JUL6 14 Oct 2004* 09 Dec 2005* 
Inshore Ridge Complex FTL4 03 Nov 2004* 13 Jan 2006* 
Inshore Ridge CompJex FTLl 30 Aug 2004 14 Oct 2005* 

Middle Reef POMP2 19 Aug 2004 09 Dec 2005* 
Middle Reef HB2 19 Aug 2004 01 Sep 2005* 
Middle Reef DB2 19 Oct 2004* 12 Oct 2005* 
Outer Reef JUL8 18 Aug 2004 07 Feb 2006* 
Outer Reef POMP3 19 Oct 2004* 01 Sep 2005* 
Outer Reef HB3 26 Oct 2004* 12 Oct 2005* 
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Assumptions were made as to the variable conditions of the Palylhoa population 

in southeast Florida. The most important assumption was that population density plays 

no role in the population's dynamics. A population with a high growth rate (A> 1.0) is 

predicted to exhibit an increased density (thus exhibit density dependence) 

(Bierzychudek, 1999). "There is a constant need for simple but general functions to 

describe density dependent processes; simple so that their properties may be determined 

analytically and general so that they are capable of describing the varied forms in which 

density dependence may occur" (Bellows 1981). The matrix model is ideally simple 

and general, but one of the main constraint assumptions of the model is that the 

population in question conforms to a single-step Markov process. A Markov process is 

a mathematical model of probabilistic processes, which generate random sequences of 

outcomes to certain probabilities. The b!isic premise of a Markov process is that if the 

outcomes of all of the first t-n events of a series of events are known, then the 

probabilities of outcomes in the I-th experiments are also known. This means that step 

(1+ I) is uniquely defmed by step (I). The size of t must not matter (thus, dependence of 

t+ 1 on t must be same after 10,000 steps as after 1). In short, transition probabilities 

must be totally stable. The results of the chi-square test suggest that this is not the case 

in the High Cover and Inshore Ridge Complex (and subsequently the mean of All) 

Palythoa sites. In general, Palythoa colonies have a fast initial growth rate, but as 

density increases, growth decreases (Tamler 1997). For the All, High Cover and 

Inshore Ridge Complex treatments, I observed super-adult (600+ cm2) colonies that 

maintained size over the four transition periods. The increased frequency of stable size 

super-adult colonies and the lack of major change in the population distribution after 
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the hurricanes passed suggest that density dependence is restricting the growth of the 

population. This dependence on large colonies violates the assumption of a simple 

Markov process, because the likelihood of transition from large into small decreases 

with t (i.e. as the habitat gets fuller). Therefore, the All, High Cover and Inshore Ridge 

Complex treatment models were excluded from the final sensitivity and elasticity 

analyses. 

The results of the sensitivity and elasticity analyses for the Low Cover, Middle 

and Outer Reef treatments all showed that the stability of the Palythoa population in 

southeast Florida is dependant on the smaller size class loop transitions. Looking at 

each analysis individually, the Low Cover results show that growth (e.g. (124) is 

important, while two Middle (e.g. (12\ and (131), and one Outer Reef (e.g. (152) transitions 

show that shrinkage is important. Oyerall, it appears that although the Palythoa 

population in southeast Florida is mostly maintaining size (loop), there is a tendency for 

periodic shrinkage. 

4.3. Lessons Learned InclndIng Limitations of the Study 

The size class transition matrix model works and is accurate. The sensitivity 

and elasticity analyses showed that population growth and shrinkage in the smaller size 

classes in the lower cover sites are the most important to popUlation maintenance. One 

consideration is that this model does not contain any information on sexual 

reproduction, yet the population is somehow stable (shown by all lambda values equal 

to or near to 1.0). A future study would need to be specifically designed to answer the 

question of where the recruits are going. 
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The infonnation obtained in this study would not have been possible by in situ 

data collection alone. But, the data set used (Broward County Yearly Monitoring) was 

not designed for this kind of manipulation. Increased efficiency and integration of 

monitoring efforts (such as photographic and video methods) are becoming 

increasingly important to optimize diver time in the water (Kohler and Gill 2006). 

Often, biological studies are confmed to good weather days and funding, but by using 

digital images that were taken at the same time as the in situ observational data, more 

infonnation can be obtained from the data set than what was originally collected. There 

is no problem when the additional infonnation confonns to the constraints of the 

original study design, but problems arise when the data is manipulated outside of that 

design. For example, in the case of the current study, Palythoa does not appear to have 

any impact on stony coral percent live cpver; however the data did not allow for any 

kind of statistical comparison between the two populations. 

4.4. Recommendations for Future Requirements of Data and Duration of 
Monitoring Needed to Accurately Model Palythoa 

It is still unclear why or how Palythoa is maintaining size in southeast Florida. 

So, as part of this study, I have recommendations for the data and duration of 

monitoring needed in future studies to accurately model the dynamics of Palythoa. 

"Realistic predictions about clonal struc~re will require extensive knowledge of 

population history (e.g., the magnitude, frequency, and specific effects of past 

disturbances, variation in the biological and physical processes controlling nonnal 

recruitment rates, and the occurrence of episodic recruitment or mass mortality events)" 

(Karlson 1991). Research on Palythoa is additionally challenging because it is unusual 
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in its ability to fluidly move between size classes as well its ability to incorporate new 

recruits and old ramets into mature colonies. For example, if a new recruit could 

immediately join a mature reproductive super-adult, then it would greatly affect the 

overall dynamics of the population by producing a constant reproductive (either asexual 

or sexual) state in the majority of the population. This is normally unrealistic for other 

species, but it seems that it is possible (and common) for Palythoa. Karlson (l991) 

states that the extremely long genet life spans may make it impossible to know the 

complete history of a population. It may not be possible to know the complete history, 

but by focusing future research on the most important size class transitions identified in 

the current study, the knowledge gained may well prove to be helpful. That being said, 

annual sampling periods are acceptable when focused only on less dynamic species, but 

especially for such an aggressive and dypamic competitor like Palythoa, observing the 

colonies only once a year greatly limits the information that can be obtained from 

analysis. 

In the future, to truly understand what is happening in the population, a study 

focusing on Palythoa should include a longer duration of monitoring with appropriately 

designed sampling periods (e.g. more than once a year, seasonally focused, etc.). For 

example if the study were to focus on spatial competition, data could be collected 

monthly, but a study involving the tracking of an individual's age or stage would need 

observations from the inception of the original parent colony(ies), and therefore would 

need a more frequent sampling period. Additionally, factors such as density impacts 

(Tanner 1999; Caswell et al. 2004), environmental fluctuations (e.g. severe storm years) 

(Lirman 2003), sexual reproduction, disease (Acosta 1999), or bleaching events that are 
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common to the local Palythoa population need to be addressed in the study design. The 

Gill (2006) thesis showed that image-based methodology is best used for intricate 

growth measurements and colony fate tracking while diver methodology is best for 

percent cover and recruitment studies. Combining image and diver-based methodology 

to form a comprehensive look at the major factors affecting the population is the only 

way to accurately assess the dynamics present in the population. "Though long-term 

studies of many individuals are expensive and laborious, they are the only way to 

acquire data of the quality that transition matrix models require" (Bierzychudek 1999). 

Palythoa is an important component of the southeast Florida coral reef 

community. Although it possesses the ability to outgrow stony corals (and almost all 

other sessile invertebrates), the data from the current study suggests that the Palythoa 

population is actually maintaining size rllther than over-growing the community. With 

the knowledge gained from this study, we now know that it is possible to accurately 

model the population dynamics present in the southeast Florida Palythoa population. 

This study represents an initial glimpse of the dynamics involved in the Palythoa 

population of southeast Florida, but in order to form a comprehensive model more 

appropriately designed population dynamic studies must be completed. As research 

furthers our understanding of how these communities interact this information may be 

valuable to resource managers. Future research needs to look at all inhabitants, rather 

than focusing on individual components (e.g. stony corals). 

61 



5.0. LITERA TURE CITED 

Acosta, A. 1999. A new disease infecting Palythoa caribaeorum (Cnidaria, Zoanthidea): 
Dynamics in space and time. Pages 43-44 in NCR! International Conference on 
Scientific Aspects of Coral Reef Assessment, Monitoring, and Restoration. 

Acosta, A. 2001. Disease in Zoanthids: dynamics in space and time. Hydrobiologia 460: 
113-130. 

Acosta, A., L.E. Duarte, and P.W. Sammarco. 1998. The role of asexual reproduction in 
the population dynamics of Palythoa caribaeorum (Cnidaria, Zoanthidea). Page 
143 in 83rd Ann. Meet. Ecol. Soc. Am., Baltimore, Maryland. 

Acosta, A. , and P. W. Sammarco. 2000a. Modes of asexual reproduction in the zoanthid 
Palythoa caribaeorum. Page 144 in Proc. 9th IntI. Coral Reef Symp., Bali, 
Indonesia. 

Acosta, A., and P. W. Sammarco. 2000b. The role of fission and fragmentation in 
population dynamics of Palythoa caribaeorum. Page 144 in Proc. 9th IntI. Coral 
Reef Symp., Bali, Indonesia. 

Acosta, A., P. W. Sammarco, and L. E. Duarte. 2001. Asexual reproduction in a zoanthid 
by fragmentation: the role of exogenous factors. Bulletin of Marine Science 68: 
363-381. 

Acosta, A., P. W. Sammarco, and L. E. Duarte. 2005. New fission processes in the 
zoanthid Palythoa caribaeorum: Description and quantitative aspects. Bulletin of 
Marine Science 76: 1-26. 

Attaway, D. H., and L. S. Ciereszko. 1974. -Isolation and partial characterization of 
Caribbean palytoxin. Proc. Int. Symp. Brisbane Coral Reefs 2: 497-504. 

Babcock, R. C. 1991. Comparative demography of three species of scleractinian corals 
using age- and size-dependent classifications. Ecological Monographs 61 : 225-
244. 

Babcock, R. C., and J. S. Ryland. 1990. Larval development of a tropical zoanthid 
(Protopalythoa sp.). Invert. Reprod. Devel. 17: 229-236. 

Banks, K., B. Riegl, E. Shinn, W. Piller, and R. Dodge. 2007. Geomorphology of the 
southeast Florida continental reef tract (Miami-Dade, Broward, and Palm Beach 
Counties, USA). Coral Reefs 26: 617-633. 

Bastidas, C., and D. Bone. 1996. Competitive strategies between Palythoa caribaeorum 
and Zoanthus sociatus (Cnidaria: Anthozoa) at a reef flat environment in 
Venezuela. Bulletin of Marine Science 59: 543-555. 

Bellows, T. S. 1981. The descriptive properties of some models for density dependence. 
The Journal of Animal Ecology 50: 139-156. 

Benton, T. G., and A. Grant. 1999. Elasticity analysis as an important tool in evolutionary 
and population ecology. Trends in Ecology & Evolution 14: 467-471. 

Beress, L., J. Zwick, H. J. Kolkenbrock, P. N . Kaul, and O. Wassermann. 1983. A 
method for the isolation of the Caribbean palytoxin (C-PTX) from the 
coelenterate (zoanthid) Palythoa caribaeorum. Toxicon 21: 285-290. 

Bierzychudek, P. 1982. The demography of Jack-in-the-Pulpit, a forest perennial that 
changes sex. Ecological Monographs 52: 335-351. 

Bierzychudek, P. 1999. Looking backwards: Assessing the projections ofa transition 
matrix model. Ecological Applications 9: 1278-1287. 

62 



Boscolo, H. K., and F. L. Silveira. 2005. Reproductive biology of Palythoa caribaeorurn 
and Protopalythoa variabilis (Cnidaria, Anthozoa, Zoanthidea) from the 
southeastern coast of Brazil. Braz. J. BioI. 65: 29-41. 

Brazeau, D. A., and H. R. Lasker. 1992. Growth rates and growth strategy in a clonal 
marine invertebrate, the Caribbean octocoral Briareum asbestinum. The 
Biological Bulletin 183: 269. 

Brown Jr., W. L., T. Eisner, and R. H. Wbittaker. 1970. Allomones and kairomones: 
Transspecific chemical messengers. BioScience 20: 21-22. 

Buss, L. W., and J. B. C. Jackson. 1979. Competitive networks: Nontransitive 
competitive relationships in cryptic coral reef environments. The American 
Naturalist 113 : 223-234. 

Buss, L. W. , and J. B. C. Jackson. 1981. Planktonic food availability and suspension
feeder abundance: evidence of in situ depletion. J. Exp. Mar. BioI. Eco!. 
62(3):670-678. 

Case, T. 2000. An Illustrated Guide to Theoretical Ecology. Oxford University Press, 
New York, New York. 

Caswell, H. 1978. Predator-mediated coexistence: A nonequilibrium model. The 
American Naturalist 112: 127-154. 

Caswell, H. 1989. Analysis oflife table response experiments. I. Decomposition of 
effects on population growth rate. Ecological Modelling 46: 221-237. 

Caswell , H. 1997a. Matrix Methods for Population Analysis. Pages 19-58 in S. 
Tuljapurkar and H. Caswell, editors. Structured-Population Models in Marine, 
Terrestrial, and Freshwater Systems. Chapman and Hal!. 

Caswell, H. 1997b. Structured-population models in marine, terrestrial, and freshwater 
systems. Chapman & Hall, New York. 

Caswell, H. 2000. Prospective and retrospective perturbation analyses: Their roles in 
conservation biology. Ecology 81: 619-627. 

Caswell, H. 2001. Matrix population models: construction, analysis, and interpretation, 
2nd edition. Sinauer Associates, Sunderland, Massachusetts. 

Caswell, H., T. Takada, and C. M. Hunter. 2004. Sensitivity analysis of equilibrium in 
density-dependent matrix population models. Ecology Letters 7: 380-387. 

Caswell, H., and M. C. Trevisan. 1994. Sensitivity analysis of periodic matrix models. 
Ecology 75: 1299-1303. 

Collier, C., R. Dodge, D. Gilliam, K. Gracie, L. Gregg, W . Jaap, M. Mastry, and N . 
Poulos. 2007. Rapid Response and Restoration for Coral Reef Injuries in 
Southeast Florida: Guidelines and Recommendations . Southeast Florida Coral 
ReefInitiative. Pp. 57. Available at the URL: 
http://www.dep.state.fi.us/COASTAL/programs/corallreports/ 

Connell, J. H. 1983. On the prevalence and relative importance of interspecific 
competition: Evidence from field experiments. The American Naturalist 122: 661-
696. 

Connell, 1. H., and M. J. Keough. 1985. Disturbance and patch dynamics of subtidal 
marine animals on hard substrata. Pages 125-148 in S. T. A. Pickett and P. S. 
Wbite, editors. The Ecology of Natural Disturbance and Patch Dynamics. 
Academic Press, Inc. 

63 



Cooke, W. J. 1976. Reproduction, growth and some tolerances of Zoanthus pacificus and 
Palythoa vestitus in Kaneohe Bay, Hawaii. In Coelenterate Ecology and 
Behavior. Plenum Press, N.Y. 

Costa, o. S., Z. M. A. N. Leao, M. Nimmo, and M. J. Attrill. 2000. Nutrification impacts 
on coral reefs from northern Bahia, Brazil. Hydrobiologia 440: 307-315. 

de Kroon, H., A. Plaisier, J. van Groenendael, and H. Caswell. 1986. Elasticity: The 
relative contribution of demographic parameters to population growth rate. 
Ecology 67: 1427-1431. 

de Kroon, H., J. van Groenendael, and J. Ehrlen. 2000. Elasticities: A review of methods 
and model limitations. Ecology 81: 607-618. 

de Matos, M. B., and D. M. S. Matos. 1998. Mathematical constraints on transition 
matrix elasticity analysis. The Journal of Ecology 86: 706-708. 

Dodge, R. E., A. Logan, and A. Antonius. 1982. Quantitative reef assessment studies in 
Bermuda: A comparison of methods and preliminary results. Bulletin of Marine 
Science 32: 745-760. 

Done, T. J. 1992. Phase shifts in coral reef communities and their ecological significance. 
Hydrobiologia 247: 121-132. 

Ehrlen, J., J. van Groenendael, and H. de Kroon. 2001. Reliability of elasticity analysis: 
Reply to Mills et al. Conservation Biology 15: 278-280. 

Fadlallah, Y. H., R. H. Karlson, and K. P. Sebens. 1984. A comparative study of sexual 
reproduction in three species of Panamanian zoanthids. (Coelenterate: Anthozoa) 
Bull Mar Sci 35: 80-89. 

Fox, J. L. 1982. Complex structure of rna ripe toxin unraveled. Chern. And Eng. News. 4: 
19-20. 

Gill, S. 2006. Comparison of stony coral coverage data obtained by in situ measurements 
and image analysis. Nova Southeastern University. 

Gilliam, D. S., R. E. Dodge, R. E. Spieler, L. K. B. Jordan, and J. A. Monty. 2005. 
Marine Biological Monitoring in Broward County, Florida: Technical Report 05-
02. Prepared for: Broward County Board of County Commissioners Department 
of Planning and Environmental, Protection Biological Resource Division. pp. 88. 

Gilliam, D. S., R. E. Dodge, R. E. Spieler, L. K.B. Jordan, and J. C. Walczak. 2006. 
Marine Biological Monitoring in Broward County, Florida: Technical Report. 
Prepared for: Broward County Board of County Commissioners Department of 
Planning and Environmental, Protection Biological Resource Division. Report 
prepared by: Nova Southeastern University Oceanographic Center. 

Gilliam, D. S., R. E. Dodge, R. E. Spieler, L. K. B. Jordan, and J. C. Walczak. 2007. 
Marine Biological Monitoring in Broward County, Florida: Technical Report 06-
o I. Prepared for: Broward County Board of County Commissioners Department 
of Planning and Environmental, Protection Biological Resource Division. Report 
prepared by: Nova Southeastern University Oceanographic Center. 

Gleibs, S., D. Mebs, and B. Werding. 1995. Studies on the origin and distribution of 
palytoxin in a Caribbean coral reef. Toxicon 33: 1531-1537. 

Goldberg, W. 1973. The ecology of coral-octo coral communities of the southeast Florida 
coast:geomorphology, species composition. Bilii. Mar. Sci 23: 465-488. 

Goreau, T. F. 1959. The ecology of Jamaican coral reefs I. Species Composition and 
Zonation. Ecology 40: 67-90. 

64 



Goreau, T. J. 1992. Bleaching and reef community change in Jamaica: 1951-1991 
American Zoologist 32: 683-695. 

Grant, A., and T. G. Benton. 2000. Elasticity analysis for density-dependent populations 
in stochastic environments. Ecology 81: 680-693. 

Hallock, P., F. E. Muller-Karger, and J. C. Halas. 1993. Coral-reef decline. Research & 
Exploration 9: 358-378. 

Haywick, D. W., and E. M. Mueller. 1997. Sediment retention in encrusting Palythoa 
spp.--a biological twist to a geological process. Coral Reefs 16: 39-46. 

Heppell, S., C. Pfister, and H. de Kroon. 2000. Elasticity analysis in population biology: 
Methods and Applications. Ecology 81: 605-606. 

Highsmith, R. C. 1981. Coral bioerosion: damage relative to skeletal density. The 
American Naturalist 117: 193-198. 

Highsmith, R. C. 1982. Reproduction by fragmentation in corals. Mar. Ecol. Prog. Ser. 7: 
207-226. 

Holmes, K. E. 2000. Effects of eutrophication on bioeroding sponge communities with 
the description of new West Indian sponges, Cliona spp. (Porifera, Hadromerida, 
Clionidae). Invertebrate Biology 119: 125-138. 

Horvitz, C., D. W. Schemske, and H. Caswell. 1997. The relative "importance" of fife
history stages to population growth: prospective and retrospective analyses. 
Pages 247-272 in S. Tuljapurkar and H. Caswell, editors. Structured-Population 
Models in Marine, Terrestrial, and Freshwater Systems. Chapman and Hall. 

Hughes, R. N. 1989. A Functional Biology of Clonal Animals. Chapman and Hall, New 
York. 

Hughes, T. P. 1984. Population dynamics based on individual size rather than age: A 
general model with a reef coral example. The American Naturalist 123: 778-795. 

Hughes, T. P., and J. H. Connell. 1987. Population dynamics based on size or age? A 
reef-coral analysis. The American Naturalist 129: 818-829. 

Hughes, T. P., and J. B. C. Jackson. 1980. Do corals lie about their age? Some 
demographic consequences of partial mortality, fission, and fusion. Science 209: 
713-715. 

Isman, M. B. 1993. Growth inhibitory and antifeedent effects of a azadirachtin on six 
noctuids of regional economic importance. Pesticide Science 38: 57-63. 

Jaap, W. C. 1984. The ecology of south Florida coral reefs: a community profile. US Fish 
Wildlife Service FWS/OBS-82/08. 138pp. 

Jackson, J. B. C. 1977. Competition on marine hard substrata: The adaptive significance 
of solitary and colonial strategies. The American Naturalist 111: 743-767. 

Jackson, J. B. C., and T. P. Hughes. 1985. Adaptive strategies of coral reef invertebrates. 
Amer. Sci. 73: 265-274. 

Karlson, R. 1980. Alternative competitive strategies in a periodically disturbed habitat. 
Bull. Mar. Sci. 30: 894-900. 

Karlson, R. 1981. Reproductive patterns in Zoanthus spp. From Discovery Bay, Jamaica. 
Proc. of Fourth Inti Coral Reef Symp. Manila 2: 699-704. 

Karlson, R. H. 1983. Disturbance and monopolization of a spatial resource by Zoanthus 
sociatus (Coelenterata, Anthozoa). Bull Mar Sci 33: ll8-131. 

Karlson, R. H. 1986a. Disturbance, colonial fragmentation, and size-dependent life 
history variation in two coral reef cnidarians. Mar. Ecol. Prog. Ser. 28: 245-249. 

65 



Karlson, R. H. 1986b. Growth and survivorship of clonal fragments in Zoanthus 
solanderi Lesueur. J. Exp. Mar. BioI. Ecol. 123: 31-39. 

Karlson, R. H. 1988. Size-dependent growth in two zoanthid species: a contrast in clonal 
strategies. Ecology 69: 1219-1232. 

Karlson, R. H. 1991. Fission and the dynamics of genets and ramets in clonal cnidarian 
populations. Hydrobiologia 216-217: 235-240. 

Keddy, P. A. 1992. Assembly and response rules: two goals for predictive community 
ecology. Journal of Vegetation Science 3: 157-164. 

Kemp, D. W., C. B. Cook, T. C. Lajeunesse, and W. R. Brooks. 2006. A comparison of 
the thermal bleaching responses of the zoanthid Palythoa caribaeorum from three 
geographically different regions in south Florida. Journal of Experimental Marine 
Biology and Ecology 335: 266-276. 

Keyfitz, N. 1972. On future population. Journal of the American Statistical Association 
67: 347-363. 

Kinzie, R. 1973. The zonation of West Indian gorgonians. Bull. Mar. Sci 23: 93-155. 
Koehl, M. 1977. Water flow and the morphology ofzoanthid colonies. Proc. 3rd IntI. 

Coral Reef Symp. 2: 437-444 
Kohler, K. E., and S. M. Gill. 2006. Coral Point Count with Excel extensions (CPCe): A 

Visual Basic program for the determination of coral and substrate coverage using 
random point count methodology. Computers and Geosciences. 

Koopman, B., J. P. Heaney, F. Y. Cakir, M. Rembold, P. Indeglia, and G. Kini. 2006. 
Ocean Outfall Study: Final Report. Florida Department of Environmental 
Protection. Available from the URL: 
htto://www.dep.state.fl.us/water/reuse/docs/OceanOutfaIlStudy.pdf 

Lapointe, B. E. 2003. Impacts of Land-Base Nutrient Pollution on Coral Reefs of 
Tobogo. Harbor Branch Oceanographic; Prepared for: Buccoo Reef Trust, 
Tobago, West Indies . 20. 

Lapointe, B. E., P. 1. Barile, and W. R. Matzie. 2002. Biotic phase-shifts in Florida Bay 
and Fore Reef Communities of the Florida Keys: Linkages with historical 
freshwater flows and nitrogen loading from Everglades runoff. Pages 629-648 in 
J. W. Porter and K. G. Porter, editors. The Everglades, Florida Bay, and Coral 
Reefs of the Florida Keys: An Ecosystem Sourcebook. CRC Press, Boca Raton, 
FL. 

Lefkovitch, L. P. 1965. The study of population growth in organisms grouped by stages. 
Biometrics 21: 1-18. 

Leslie, P. H. 1945. On the use of matrices in certain population mathematics. Biometrika 
33: 183-212. 

Leslie, P. H. 1948. Some further notes on the use of matrices in population mathematics. 
Biometrika 35: 213-245. . 

Lirman, D. 2003. A simulation model of the population dynamics of the branching coral 
Acropora palmata: Effects of storm intensity and frequency. Ecological Modeling 
161: 167-180. 

McCook, L. J. 1999. Macroalgae, nutrients and phase shifts on coral reefs: scientific 
issues and management consequences for the Great Barrier Reef. Coral Reefs 18: 
357-367. 

Mertz, R. W., and S. G. Boyce. 1956. Age of oak "seedlings". J. For. 54: 774-775. 

66 



Mesterton-Gibbons, M. 1993. Why demographic elasticities surn to one: a postscript to 
deKroon et al. Ecology 74: 2467-2468. 

Mills, L. S., D. F. Doak, and M. J. Wisdom. 1999. Reliability of conservation actions 
based on elasticity analysis of matrix models. Conservation Biology 13: 815-829. 

Moore, R. E., and P. J. Scheuer. 1971. Palytoxin: A new marine toxin from a 
coelenterate. Science 172: 495-498. 

Moyer, R. P., B. Riegl, K. Banks, and R. E . Dodge. 2003. Spatial patterns and ecology of 
benthic communities on a high-latitude South Florida (Broward County, USA) 
reef system. Coral Reefs 22: 447-464. 

Mueller, E. M. 1992. Palythoa caribaeorum: An indicator of coral reef perturbation. 
Pages 72 in 7th annual ICRS. 

Neufeldt, V., and D. B. Guralnik, editors. 1997. Webster's New World College 
Dictionary, 3rd edition. Simon & Schuster, Inc. 

Perez, C. D., D. A. Vila-Nova, and A. M. Santos. 2005. Associated community with the 
zoanthid Palythoa caribaeorum (Duchassaing & Michelotti, 1860) (Cnidaria, 
Anthozoa) from littoral of Pernambuco, Brazil. Hydrobiologia 548: 207-215. 

Scheuer, P. J. 1964. The chemistry of toxins isolated from some marine organisms. 
Fortschr. Chern. Org. Naturst. 22: 265-278. 

Schoener, T. W. 1983. Field experiments on interspecific competition. The American 
Naturalist 122: 240-285. 

Sebens, K. P. 1977. Autotrophic and heterotrophic nutrition of coral reefzoanthids. Proc 
3rd Int Coral Reef Symp 2: 397-404 

Sebens, K. P. 1981. The allometry offeeding, energetics, and body size in three sea 
anemone species. BioI Bull 161: 152-171. 

Sebens, K. P. 1982. Intertidal distribution ofzoanthids on the Caribbean coast of Panama: 
effects of predation and desiccation. Bull. Mar. Sci. 32: 316-335 . 

Sousa, W. P. 1984. The role of disturbance in natural communities. Annual Review of 
Ecology and Systematics 15: 353-39l. 

Suchanek, T. H., and D. J. Green. 1981. Interspecific competition between Palythoa 
caribaeorum and other sessile invertebrates on St. Croix reefs, U.S. Virgin 
Islands. Proc 4th Int Coral Reef Sym 2: 679-684. 

Tanner, J. E. 1997. The effects of density on the zoanthid Palythoa caesia. The Journal of 
Animal Ecology 66: 793-810. 

Tanner, J. E. 1999. Density-dependent population dynamics in clonal organisms: a 
modeling approach. Journal of Animal Ecology 68: 390-399. 

Tanner, J. E., T. P. Hughes, and J. H. Connell. 1994. Species coexistence, keystone 
species, and succession: a sensitivity analysis. Ecology 75: 2204-2219. 

Tuljapurkar, S., and H. Caswell. 1997. Structured Population Models in Marine, 
Terrestrial, and Freshwater Systems. Chapman & Hall . 

Tunnicliffe, V. 1981. Breakage and propagation of the stony coral Acropora cervicornis. 
Proc Natl Acad Sci USA 78: 2427-243l. 

Walker, B. K., B. M. Riegl, and R. E. Dodge. 2008. Mapping coral reef habitats in 
southeast Florida using a combined technique approach. Journal of Coastal 
Research. In press. 

Usher, M. B. 1979. Markovian approaches to ecological succession. The Journal of 
Animal Ecology 48: 4 13-426. 

67 



van Groenendael, J., H. de Kroon, and H. Caswell. 1988. Projection matrices in 
population biology. Trends in Ecology & Evolution 3: 264-269. 

van Groenendael, J., H. de Kroon, S. Kalisz, and S. Tuljapurkar. 1994. Loop analysis: 
evaluating life history pathways in population projection matrices. Ecology 75: 
2410-2415. 

Zar, J. H. 1999. Biostatistical Analysis, 4th edition. Prentice Hall. 

68 



APPENDIX 

Flow Chart of Major Steps to Complete Part One and Part Two 

Use CPCe to trace 
digital images 

PART ONE 

-J).. 
Total in quad live cover (cm') for each site 

-J).. 
Determine mean percent live cover 

by year and reef 

-J).. 
Transform data and run ANDV As 

PART TWO 

-J).. 
Track 85 individual colonies area (cm') 

-J).. 
Assign size class designations 

by area = observed vectors 

D ··l-J)..·· ti h eternnne size c ass transitions or eae 
transition year 

Results in size class transition frequencies 

-J).. 
Transition frequencies get entered into 4 matrices 

(one for each transition year: 2002-03, 2003-04, etc.) 

-J).. 
Average of the 4 transition matrices = Mean 

matrix 

Use Matlab® to determine dominant 
eigenvalue (aka: population growth rate) 

Population growth rate determines 
stability of population 

69 

Multiply observed vector * Mean matrix 
=- Next year's vector 

Chi-square test for distribution 

-J).. 
Sensitivity and Elasticity Analyses 
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