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The coral reef ecosystem of the Florida Keys has experienced a 

significant and rapid decline over the past several decades.  This study was 

designed to test the “shifting baselines hypothesis,” first proposed by Daniel 

Pauly in 1995 which details a concern that each generation of fisheries scientist 

accepts as a baseline the stock size and species composition that occurred at 

the beginning of their careers.  The study also examined experts’ views on critical 

marine affairs involving the reef, as well as their observations of habitat change 

over time.  Snowball sampling was utilized in which 54 interviews were 

conducted.  A response rate of 48% was achieved representing 2256 minutes of 

testimony.  Correlation statistics were used to analyze respondent age and 



  

 

experience and a potential relationship with respondent baselines.  The majority 

of experts interviewed (96%) were scientists.  Baselines for the Florida Keys 

bank reef ecosystem were established based on respondent testimony.  

Independent of age, experience, or affiliation, respondents agreed that the 

baseline for the Florida Keys bank reef was approximately 33% cover and 44 

years before present.  Seventy percent of respondents reported never witnessing 

a reef dominated by Acropora sp., while 96% of respondents over the age of 60 

reported experiencing Acropora sp.-dominated reefs.  This demonstrated a 

dramatic difference in interaction with the coral reef from one generation of 

experts to the next, but still a high level of consensus regarding baselines. 

Marine protected areas (MPAs) were deemed effective for fish conservation, but 

not for coral reefs.  The experts appreciated the value of MPAs, but believed that 

MPAs alone would not solve the problem of coral reef decline.  They lacked 

optimism regarding human’s ability to manage and restore coral reefs, as nearly 

one-third of respondents suggested reef management is not able to influence 

percent coral cover.   
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CHAPTER ONE:  INTRODUCTION 

 

It has become common knowledge that the Caribbean coral reef 

ecosystem is in significant and rapid decline.  As a result, we are left with 

remnants of the habitat Spanish explorer Ponce De Leon might have sailed over 

in the early 1500s as he traveled the Caribbean (Arnade & Fuson, 2001).  This 

study was designed to test the hypothesis of the shifting baselines syndrome, a 

phrase first coined by Daniel Pauly (1995), in which he detailed a concern that 

among fisheries scientists each generation accepts as a baseline the stock size 

and species composition that occurred at the beginning of their careers.  The 

researcher would then use that “new” baseline against which to determine 

changes in the fisheries.  Subsequently, the next generation of scientists would 

evaluate fisheries based on the already shifted baseline of the generation before.  

Since Pauly's 1995 paper, there have been many studies that cite shifting 

baselines as a concern, but little research has been performed testing if 

researchers' baselines are actually shifting.  In this research, the Florida Keys 

reef ecosystem was used as a model system to explore shifting baselines among 

reef experts.   

This study sought to evaluate potential differences, if any, among reef 

experts regarding their baseline classification of various factors concerning the 
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Florida Keys reef tract.  These included percent coral cover and sizes and 

abundance of various reef fish and invertebrate keystone species, as well as 

experts’ evaluation of when the coral reef existed.  If experts are accepting 

degraded ecosystems as their baseline, this may have a broad impact on reef 

science and reef management policy moving forward.  Is there a trend toward 

younger experts having lower standards regarding reef condition, or are 

standards similar among different age groups?  Results here may inform the 

conservation biology community at large, as well as provide insights on the views 

of Florida reef experts. 

This study also examined whether scientists attribute reef decline to 

anthropogenic or natural forces.  Quantifying experts' positions on this topic is 

critical as experts seek scientific, political, and social solutions to reef decline.  Is 

the reef professional community itself largely speaking with one voice regarding 

the cause of reef decline?  If not, how polar is the disagreement?  Is there a 

divide among reef expert type? 

The changes observed by reef experts within the Florida Keys reef 

ecosystem were examined using a qualitative survey, adding to the limited 

ecological, historical record of reef community characteristics.  The study also 

examined what reef experts thought were reasonable goals for reef restoration in 

light of climate change, as well as their definitions of restoration success.  These 

issues were investigated through personal interviews of individual experts on the 

Florida Keys coral reef ecosystem.  
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Defining Reef Experts 

 First, the term “expert” as used in this study refers to experts on the 

Florida Keys reef tract ecosystem specifically.  Two types of reef experts were 

interviewed.  These included: 

a.  Government reef experts (who were actively working for or retired from 

a local, state, or federal agency) 

b. Non-government reef experts (working at universities, for NGOs, and in 

private companies) 

Reef experts working for government agencies (not including universities) 

may be more directly involved in shaping reef policy.  Some of the experts at 

government agencies are working scientists; others are program managers and 

policymakers. However, it is argued here that they represent a separate group, in 

that they are working for government entities with specific regulatory missions 

that may provide these experts with a unique perspective distinct from that of 

other types of reef scientists.  The work of reef experts in government tends to be 

more toward applied, rather than basic science.  The reef experts working for 

government agencies may closely consider and be more directly influenced by 

federal, state, and local agency budgets, as well as the political landscape.  

Experts working for universities must also take into account the fiscal climate, 

although they can access funding from more sources.  Also, the focus of reef 

experts working for universities may tend to be more theoretical in nature.  In 

comparison, reef experts working for NGOs may be focused on a particular 



  

 4 

organizational mission, while experts working for private companies may be 

influenced by other factors, such as the company’s need to remain profitable and 

efficiently serve clients by performing specific tasks to be paid by the clients.  

Because businesses and NGOs have a variety of foci all differing from the 

relatively rigid and unique foci and regulatory considerations of the government 

agencies, they will be grouped with university experts.  This research assessed if 

perceptions of reef experts were influenced by these various conditions and 

sometimes-competing interests. 

For certain hypotheses considered here, reef experts were studied as one 

group, as the study sought to identify baselines among all ages for all experts 

questioned, as well as the differences between the types of experts. For 

example, the survey instrument asked:  regarding the Florida Keys reef 

ecosystem, are reef experts’ baselines shifting (Appendix 1)?  In other aspects of 

the study, reef experts were evaluated as separate cohorts to elucidate 

significant differences in perceptions among the different age groups. 

Interviews were conducted with those who could reasonably consider 

themselves an expert on the aforementioned matters. All experts participating in 

the survey had at least one peer-reviewed publication or a published government 

or organizational report concerning the Florida Keys reef ecosystem. 
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Defining Experience 

 Baselines were assessed by correlating coral reef experts’ baselines with 

their age, years of experience, and number of dives.  Respondents were asked 

to report their years of experience based on the number of years they worked 

studying or dealing with issues regarding the Florida Keys reef tract.  Regarding 

number of dives, respondents were asked to only report the number of dives they 

performed in the Florida Keys. 

 

Shifting Baselines 

Since publication of the shifting baselines syndrome concept (Pauly, 

1995), there have been significant scientific contributions to the subject across a 

broad spectrum of ecosystems (Dayton et al. 1998, Jackson et al. 2001, Saenz-

Arroyo et al. 2005, Knowlton and Jackson 2008, Baisre, 2013).  Although there is 

an accumulating publication record asserting that the shifting baselines 

syndrome is a major concern, little has been published regarding evaluating the 

underlying hypothesis.    

Dayton et al. (1998) provided new insight to the topic.  They detailed the 

"sliding baselines" of the kelp forests by examining the difficulties in establishing 

a baseline in the kelp forest due to recent disturbance and a lack of data on the 

kelp forest pre-disturbance.  Due to the lack of historical data, the problem of not 

knowing what baseline to establish is common among many ecosystem 

scientists, particularly scientists studying marine ecosystems.  Dayton et al. 
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(1998) also discussed the difficulty of discriminating anthropogenic impacts from 

natural disturbances, which is a controversial topic among reef experts of the 

Florida reef ecosystem.  For example, the reef tract in the Florida Keys is within 

the northernmost extent of its range and is prone to occasional winter cold 

temperatures (Porter and Tougas, 2001).  How does one discern natural versus 

anthropogenic impacts in an ecosystem on the outside range of its temperature 

tolerance?  Dayton et al. (1998) argue that inherent and historical variability in 

nutrients, biota, and events such as El Niños are rarely considered in the 

ecological literature on disturbance.  They write: 

“The most important message of this paper is that, no matter how well one 

understands kelp populations, any current program will fail to discern the 

ghosts of missing animals.  That is, any biologist studying the community 

now will see interesting biology of the kelp and small animals, but the 

expectations of what is natural are much reduced and are likely to be an 

inappropriate basis for making fisheries and environmental decisions”. (p. 

320) 

Discovering what is "healthy" or "functional" in an ecosystem and returning 

the ecosystem to such a state is difficult and arguably a value-based judgment, 

although often the explicit goal in conservation biology (Davis and Slobodkin, 

2004).  The state of reef conservation biology is largely one in which reef experts 

seek to determine the species composition of former ecosystems and the 

species composition of currently degraded ecosystems impacted by unknown 
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human and natural influences, as well as to predict the future state of 

ecosystems.  They also seek to determine responses to mitigate human impacts 

on the ecosystems that will exist in the future.   

In another important paper on the subject, Jackson et al. (2001) 

highlighted the important role that historical records (such as old fishing logs) and 

paleoecological data may provide in establishing an ecological baseline.  In their 

discussion of coral reefs, Jackson et al. asserted that there is a clear baseline of 

a pristine coral community composition based on analysis of the Quaternary 

fossil record.  Jackson et al. (2001) also largely attributed the mass mortality of 

reef corals in the Caribbean in the 1980s to the mass mortality of the long-spined 

sea urchin Diadema antillarum, a macroalgae grazer.  Because Diadema's 

functional role in ecosystems was reduced, the algae were able to outcompete 

reef-building corals.   

Precht and Miller (2007) challenged Jackson et al. (2001), asserting the 

recent decline of the scleractinian corals Acropora palmata and A. cervicornis 

was not unique to the Quaternary period.  A. palmata is absent in the Pleistocene 

Key Largo Limestone and A. cervicornis is scarce, characteristics specific to the 

Florida Keys in comparison to other Caribbean coral reefs.  Florida is within the 

extreme northern range of extensive hard coral growth, a point that Precht and 

Miller (2007) used to rationalize the more dynamic fluxes of acroporids seen in 

the Florida Keys reef tract than seen elsewhere in the Caribbean.  Here, 

acroporid assemblages have shifted back and forth over time with communities 
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dominated by head corals, namely Orbicella spp.  Precht and Miller (2007) 

highlight a persistent debate over the cause of reef decline in the Florida Keys:  

is the decline primarily the result of natural cycles or human activity?  The 

present study sought to quantify reef experts' positions on this question.  What 

percentage of reef experts attribute reef decline to natural versus anthropogenic 

impacts, and is there a divide between types of reef experts?   

Saenz-Arroyo (2005) published one of the first peer-reviewed studies 

actually evaluating the shifting baselines syndrome itself.  Here, three different 

generations of fishers from the Gulf of California were surveyed.  The study 

concluded that old fishers claimed more fishes being caught in the past versus 

the present and that younger fishers had little appreciation for the fact that large 

specimens were once common.  This suggests that baselines have shifted, and 

the younger fishermen need to be more informed of the fact that the fish they are 

now catching are relatively small compared to what was caught in recent history.  

Although this was an important paper regarding the specific study of shifting 

baselines, it still did not evaluate shifting baselines among scientists themselves, 

a constituency that Pauly (1995) initially pinpointed.  Given that scientists are 

trained to search for and analyze data, one would expect to have different 

assumptions about the two different populations. 

Knowlton and Jackson (2008) pointed out the lack of baseline data for 

marine ecosystems specifically.  They proposed that attempting to understand 

the reef without a baseline would be like trying to project what the Amazon might 
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have been by starting with baked dry soil, and trees replaced with soybeans and 

grasses, as is the current state of much disturbed tropical forest in this region.  

Knowlton and Jackson (2008) examined the broad impacts of global change and 

highlighted the fact that uninhabited atolls of the Central Pacific are still relatively 

robust, having high abundances of living coral and healthy populations of apex 

predators.  They claim that the sheer existence of these reefs is cause for 

optimism, as they have escaped global impacts seen on many other reefs around 

the world.   

The debate over coral baselines is certainly not limited to the Florida Keys.  

Sweatman et al. (2011) assert the following about the Great Barrier Reef: 

“We argue that much of the apparent long-term decrease results from 

combining data from selective, sparse, small-scale studies before 1986 

with data from both small-scale studies and large-scale monitoring 

surveys after that date. The GBR has clearly been changed by human 

activities and live coral cover has declined overall, but losses of coral in 

the past 40–50 years have probably been overestimated”. (p 521) 

 

Defining Phantom Reef 

 Throughout the study, the term "Phantom reef" will be used to describe 

past reef communities, usually dating back several decades before the current 

time, before intensive quantitative studies were conducted on coral reefs.   



  

 10 

Because scientists are uncertain of particular species assemblages, as well as 

stressors to the reefs of the past, they are referred to as Phantoms. 

 

Defining the term “Coral Reef”  

The bank reef community of the Florida Keys reef tract (FKRT) between 

Soldier Key and the Dry Tortugas will define the term “coral reef” in this study.  

There are stony corals in the Florida Keys’ seagrass, hard bottom, and patch reef 

communities; however, respondents were queried on the bank reef specifically.  

Open-ended questions, however, did lead to discussions of other ecosystems.  

The bank reefs have a reef flat as well as a reef crest, then transitioning into the 

fore-reef slope, both exhibiting a spur and groove formation.  When questioning 

respondents, they were asked to comment on their expectations of the bank reef 

community both in general and specifically.  For example, respondents were 

asked to comment on the condition of the coral reef generally, and if they think 

that marine protected areas (MPAs) are an effective policy approach for coral 

reef conservation?  However, when querying respondents on what they believe 

the baseline of the average percent cover of hard corals throughout the FKRT 

should be, they were asked to consider percent cover of the fore-reef buttress 

zone at 10 m depth, acknowledging different reef formations and depths may 

impact percent cover.  Recent surveys of percent cover have also been 

performed at these depths (Florida Fish and Wildlife Conservation Commission, 

2016).  Results here provided experts’ perceptions of baselines for the Florida 
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Keys bank reef ecosystem at a specific zone and depth of the fore-reef.  

Specifying the zone and depth to be considered allowed for more equitable 

comparisons in analyzing potential shifting baselines.  

 

Defining Baselines 

"Baseline" as used in this dissertation, is defined as a coral reef 

community and its physical surroundings, which experts consider being 

representative of a healthy Florida reef ecosystem and should be used as the 

potential standard for reef conservation goals.  A persistent source of controversy 

has been the method of determining the baseline for the Florida Keys’ reef 

ecosystem.  Several reports have asserted that the Quaternary reef is the most 

suitable baseline for the Florida reef ecosystem (Jackson 1991, 1992; Pandolfi 

and Jackson 1997; Pandolfi 1999, 2002; Jackson 2001).  Kramer (2002) 

suggested using the 1960s through the 1970s as a historical baseline for the 

Florida Keys. The objective of this study is not to define what the "correct" 

baseline should be, but to discover what experts’ baselines are, as a necessary 

first step.  This may inform any community-wide discussion or agreement on 

what the baseline should be. 
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Shifting Baselines of Targeted Species 

Several targeted species other than stony corals were utilized to assess 

shifting baselines syndrome.  Respondents were queried on the following 

species: 

a. Strombus gigas (Queen Conch) 

b. Panulirus argus (Caribbean Spiny Lobster) 

c. Epinephelus itajara (Goliath Grouper) 

d. Epinephelus itajara (Nassau Grouper) 

I chose each of these species based on their commercial and ecological 

importance combined with the fact that respondents may be more familiar with 

each species based on this importance.  Goliath grouper, Nassau grouper and 

queen conch are 3 of 11 species classified as overfished by the National Marine 

Fisheries Service (NMFS, 2005).  Goliath grouper in the region have shown a 

relative increase in abundance since the 1990 harvest ban (Porch et al, 2003). 

The Florida Fish and Wildlife Conservation Commission started monitoring 

spiny lobster in 1997 to assess the effectiveness of no-take zones (Donahue, 

2008).  The purpose was to test the effectiveness of the no-take zones.  Lobsters 

in reserves are longer than those in exploited areas, though abundance 

decreased in all areas during harvest season (Cox and Hunt, 2005).  This may 

suggest the reserves are too small to sufficiently protect both size and 

abundance of the species in the region (Donahue, 2008). 
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The queen conch (Strombus gigas) was highly harvested throughout the 

Florida Keys, and abundance has dramatically decreased.  Though harvesting 

queen conch has been prohibited since 1986, population gains have been 

inconsistent and remain below a level at which queen conch may be 

commercially or recreationally harvested (Glazer and Delgado, 2003). 
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CHAPTER TWO:  THE FLORIDA KEYS CORAL REEF TRACT 

 

This chapter summarizes existing data on percent cover and condition of 

major reef sites of the Florida Keys reef tract.  Respondents specifically cited 

several of the below data sets as an influence on their baseline percent cover 

and baseline years before present (YBP) considerations.     

 The Florida Keys National Marine Sanctuary (FKNMS), designated by 

Congress in November 1990, consists of 2896 square nautical miles and 

includes 24 highly protected "no-take" zones, which have been in place since 

1997.  FKNMS contains hardbottom, mangrove, patch reef and seagrass 

meadow habitats, all of which are interconnected, supporting more than 6000 

species of plants, fishes, and invertebrates (Office of National Marine 

Sanctuaries, 2011).   

 Approximately 125,000 years old, the Florida Keys were formed from both 

cemented fossil tidal bars of ancient sands from the Lower Keys between Bahia 

Honda and Key West, as well as fossil coral reefs in the Upper Keys (Shinn, 

1988).  During this time, sea level was approximately 6 meters above the present 

level, as the current discontinuous chain of islands formed when sea level fell 

leaving the reefs forming the Upper Keys, and sand bars forming the lower keys 

exposed (Shinn, 1988).  During the last 125,000 years, sea level in the Florida 
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Keys has risen and fallen due to glacial and interglacial periods in which coral 

was exposed and dried out, followed by periods of submergence when new coral 

colonies would grow on old.  The modern barrier reefs of the Florida Keys have 

formed some 11,000 years ago during the Holocene Epoch, and are essentially 

recolonized growth over old reef structures (Shinn, 1988).   

 A confluence of factors has contributed to the degradation of coral reef 

communities within FKNMS over the last four decades.  These include declining 

water quality due to sewage pollution (Lapointe et al., 2004), hurricane activity 

(Lirman and Fong, 1997), mass mortality of Diadema antillarum (Lessios et al., 

1984), increased sea temperatures (Hoegh-Guldberg, 1999) and nutrient 

enrichment from the Florida Bay (Lapointe et al., 2004).  The Florida Keys reef 

tract exhibits a zonation pattern common to the Caribbean (Goreau, 1959) in 

which A. palmata, the Montastraea (now Orbicella) annularis species complex, 

Orbicella annularis, and A. cervicornis are the primary foundation species (Precht 

and Miller, 2007). 

 

History of Research Conducted on the Florida Keys Reef Tract 

 Goreau (1959) was influential in identifying zonation patterns of 

scleractinian populations in a Jamaican coral reef.  Goreau's (1959) description 

of corals of Jamaica stands as a basis for much of what we know about 

Caribbean reefs.  Many of his observations about corals of Jamaica in the 1950s 

are in stark contrast to what currently remains.  For example, Goreau (1959) 
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noted that living corals covered more than 90% of the available surface within 

what he described as the buttress zone of Jamaican coral reefs. 

Early studies of reef coral populations in the Florida Keys include Dustan 

(1977), in which he conducted surveys of the coral within John Pennekamp State 

Park at Carysfort Reef, Key Largo, Florida.  Carysfort Reef is a fringing and 

barrier reef on the edge of the reef line approximately eight miles offshore.  This 

study cited percent cover as high as 60% at 13 m depth but noted a decline in 

coral populations during a 14-month interval.  For example, Mycetophyllia ferox 

experienced 20 to 30 percent mortality in that time frame.   

A subsequent survey conducted between 1974 and 1982 at Carysfort 

Reef using 21 permanently marked line transects showed significant change to 

the coral reef community during that period (Dustan and Halas, 1987).  The study 

claimed that corals living between 10 and 21 m decreased in abundance by a 

total of 72 colonies.  

 Porter and Meier (1992) conducted surveys at six coral reef locations 

between Miami and Key West between 1984 and 1991, including at two 

photostations each at Looe Key National Marine Sanctuary, Key Largo National 

Marine Sanctuary (at Carysfort Reef), and Biscayne National Park.  Percentage 

cover in the areas monitored was as high as 33%.  Five of the six areas lost live 

coral cover, with net losses ranging between 7.3% and 43.9%.  

 The Coral Reef Evaluation & Monitoring Project (CREMP), which is a 

long-term reef-monitoring project, has examined percent cover of various reef 
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habitats since 1996 (Figure 1).  All but one of the regional habitat areas surveyed 

by CREMP for stony coral cover has significantly decreased in cover since 1996, 

the exception being a Middle Keys patch reef (Ruzicka et al, 2010).  According to 

CREMP, between 2001 and 2002, stony coral percent cover in the Lower Keys 

backcountry patch reefs dropped from 10.0% to 2.7%.  CREMP noted reductions 

in coral cover from 6.7 to 3.7% within the deep fore-reefs between 1996 and 

1999, and stony coral cover at patch reefs in the Lower Keys was reduced from 

27.5% to 19.7% during this same period.  Patch reef coral cover in the Upper 

Keys dropped from 16.3% to 11.9% between 1996 and 1999.  Stony coral cover 

was 16.0% at patch reefs, 3.9% in shallow reefs, 2.4% in deep fore reef habitats, 

and 2.0% in backcountry patch reefs.  Seventy percent of the 34 sites surveyed 

showed a decreasing trend in coral cover since 1996.  Between 1996 and 2014, 

macroalgae percent cover increased from approximately 8% on average to 15%.  

An increase in octocoral percent cover was also recorded, up from 13% in 1996 

to approximately 15% in 2014 (Florida Fish and Wildlife Conservation 

Commission, 2016). 
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Figure 1.  Mean percent cover of the five most spatially common tax in the Florida Keys 
between 1996 and 2014 (Florida Fish and Wildlife Conservation Commission, 2016). 
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An additional study of coral percent cover in the Florida Keys was 

conducted after Hurricane Andrew in 1992 (Lirman and Fong, 1997).  These 

surveys were carried out on Elkhorn Reef, which is located in the northernmost 

region of the Florida Keys reef tract within Biscayne National Park.  Surveys were 

conducted using belt transects through the rubble zone, reef flat, and fore-reef. 

An average percent coral cover of 42% was found, but extensive damage to A. 

palmata due to the hurricane was observed.   

Both shallow and deep areas of Carysfort Reef were surveyed within the CREMP 

program (Ruzicka, 2010).  At Carysfort Deep (~10‒20 m depth), stony coral 

percent cover decreased from 14.3% to 4.1% between 1996 and 2008.  Coral 

cover at Carysfort Shallow (~3-6 m depth) declined from 10.9% to 2.9% between 

1996 and 2008.  The Dustan (1977) survey of Carysfort Reef in 1977 found coral 

coverage as high as 60% at 13 m depths (a “deep” area).  A meta-analysis 

conducted by Gardner et al. (2003) concluded that across the entire Caribbean 

basin, the average cover of stony coral on reefs was reduced from 50% to 10% 

between 1977 and 2001, an 80% decline.   

In 2005 an extensive bleaching event, caused by persistent, elevated sea-

surface temperatures, occurred throughout the Caribbean (Donahue, 2008).  

Bleaching in the Florida Keys was not as severe as in other regions of the 

Caribbean, although the increased temperatures spurred a lack of resistance to 

pathogens, causing significant mortality (Eakin et al., 2010).   

 



  

 20 

Unconventional data sets 

 Jackson (2001) suggests using a timeline of 125,000 YBP as a baseline 

for evaluating coral communities in the Caribbean, including those in the Florida.  

Jackson cites paleoecological data as evidence for A. palmata and A. cervicornis 

as the dominant shallow-water coral in the region having existed at up to 80% of 

Pleistocene sites.  The paleoecological data mentioned by Jackson allows for a 

more robust baseline regarding time, although potentially lacking in accuracy in 

comparison to data gathered by CREMP (Florida Fish and Wildlife Conservation 

Commission, 2016).  Conversely, the CREMP data only dates back to the mid-

1990s. 

Louis Agassiz provided one of the earliest scientific works on the Florida 

Keys. His Report on the Florida Reefs provided a descriptive account of the 

Florida Keys reef tract.  A passage from his 19th-century manuscript reads: 

“After examining a growing coral reef, so full of life, so fresh in 

appearance, so free from heterogeneous materials, in which the corals 

adhere so firmly to the ground, or, if they rise, near the surface, seem to 

defy the violence of the ocean, standing uninjured amid the heaviest 

breakers, an observer cannot but wonder why, in the next reef, the summit 

of which begins to rise above the level of the water, the scene is so 

completely changed” (Agassiz, 1851, p. 22). 

Kuffner et al. (2015) utilized unconventional data in assessing temperature 

change over time on specific reef sites. Lighthouse keepers’ temperature 
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readings (including at Carysfort Reef and Fowey Rocks), which utilized buckets 

of seawater with mercury thermometers, date back to 1878.  These records 

provide evidence that sea temperature on the Florida Reef Tract had been 

increasing for more than a century.   

 

Conclusion 

 In conclusion, although there has been an increase in the quantity and 

quality of monitoring programs of the Florida Keys reef tract (Florida Fish and 

Wildlife Conservation Commission, 2016), historical and geological data remain 

scarce.  Early coral percent cover studies were conducted only recently in the 

1970s in a limited geographical range (Dustan, 1977).  A sustained wide-ranging 

monitoring program was not initiated until the mid-1990s (Florida Fish and 

Wildlife Conservation Commission, 2016).  As such, it was worth exploring 

through this study what experts’ were considering in terms of their baselines 

given the limited long-term data.  Also, because there may be variation in what 

experts consider to be coral reef baselines, this study explored consensus 

among experts regarding baselines.  The results from this study may aid in the 

establishment of clear benchmarks informed by expert testimony.  
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CHAPTER THREE: METHODOLOGY 

 

The survey instrument (Appendix 1) was designed using open-ended, 

yes/no, and Likert scale questions.  The surveyed population (Florida Keys reef 

experts) was initially identified using an email list-serve commonly used by coral 

scientists, and data were transcribed by hand during phone interviews.   

The first section of the survey instrument consisted of questions pertaining 

to respondents’ baselines reported as percent cover, as well as the number of 

YBP they considered to be “baseline.”  This section also queried respondents’ 

definition of a healthy reef, and if they have ever witnessed an Acropora sp.-

dominated reef in the Florida Keys.  The second part of the survey instrument 

consisted of four yes/no questions about marine protected areas in the Keys, and 

whether designating these areas resulted in increased cover of coral as well as 

the size and distribution of reef fish.  The third section of the survey instrument 

incorporated Likert-scale questions (based on a range of 1-6) in which 

respondents were asked to provide their perceptions of various baseline 

measures of the reef, their hopes and expectations of reef management, and 

impacts of climate change and expectations for the future of the reef.  Because 
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an even range of 1-6 was used with the Likert-scale questions, each of the 

respondent’s answers fell into one of two categories: agree or disagree 

(responses of 1-3 corresponded to disagree, while responses 4-6 corresponded 

to agree).  The fourth section of the survey instrument consisted of open-ended 

questions in which respondents openly expressed their observations of marine 

life over time.  The last part of the survey instrument consisted of demographic 

questions pertaining to respondent age, total years working as a reef expert, and 

the type of institution in which they worked.   

Data collection was by telephone interviews with the coral reef experts.  

Respondents reported their baselines within various categories, including percent 

stony coral cover and size of different species.  Data were written by hand and 

then entered into Excel spreadsheets as well as Tableau™ data program 

(www.tableau.com/). Respondents’ answers were not audio recorded.  

To evaluate potential shifting baselines, respondents were queried on their 

baseline perception of percent coverage of stony coral. Shifting baselines were 

also assessed based on individuals’ perceptions of particular species including 

the following targeted species: 

 Strombus gigas (Queen Conch) 

 Panulirus argus (Caribbean Spiny Lobster) 

 Epinephelus itajara (Goliath Grouper) 

 Epinephelus striatus (Nassau Grouper) 
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These species were chosen based on their commercial and ecological 

importance combined with the fact that respondents may have been more 

familiar with each species based on this importance.   

 

Ethics 

In accordance with George Mason University’s human subjects’ policy, the 

Basic Human Subjects Research Course was completed, and ethical standards 

presented in the course were followed in the study.  All survey questions were 

supplied in the human subject application.  A copy of the emails used to recruit 

subjects was also supplied to the human subject’s office. 

 All subjects' names, responses, and personal information were kept 

completely confidential, and the results reported in aggregate form, in 

accordance with this policy. 

 

Identifying the population for sampling 

Snowball sampling was utilized in this study.  Snowball sampling is a 

survey method in which survey participants suggest further names of study 

subjects (Bernard, 2002).  It is employed when study subjects are difficult to 

identify regarding their actual numbers, dispersion, and demographics. The idea 

is that the sample will ultimately become “saturated."  In other words, eventually, 
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no new names will be mentioned by respondents (Bernard, 2002).  Reef experts 

may be found in federal, state, local, non-profit, and private organizations.  As 

such, it was difficult to create a sample without implicit bias regarding institution 

type, familiar networks, and subject geography and demographics.  Therefore, 

snowball sampling was ideal for this particular study.  A test survey was 

performed on one subject.  No significant changes to the survey were conducted 

after the test survey, and the test subject’s testimony was ultimately used in the 

study.  The test subject was a reef expert chosen by the author and was not 

named again in the study by other experts. 

Experts to be interviewed were initially contacted via a recruitment email 

and each expert was asked to refer other reef experts on the Florida Keys Reef 

Tract.  A diverse sample regarding experts’ ages and institutions was developed.  

Recruitment concluded once there was significant overlap in named referrals.  

Interviews were then conducted by telephone.  The advantages of telephone 

interviews include some of the same benefits as person-to-person interviews 

including the validity of responses (Dillman, 1978).  Experts were interviewed in 

one-on-one sessions. 

 

Data analysis 

Analysis of the survey data was focused in part on establishing 

relationships between responses and responders.  Here, reef experts’ definition 

of their baseline reef, measured in number of years past (time), was correlated 
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with respondent age and experience (years and the number of research dives in 

the Florida Keys).  Pearson’s correlation coefficient was calculated to measure 

these relationships (positive, negative, or neutral).  Paired t-tests were also used 

to assess relationships. 

Data resulting from contemporaneous notes were transcribed based on 

participants’ observed changes in the Florida Keys coral reef ecosystem and 

analyzed according to patterns that emerged resulting from respondents varying 

observations (Shackeroff et al., 2011; Strauss and Corbin 1994).  This approach 

is based on iterative-grounded theory, where appropriate statistical tests are 

applied after the data are gathered, thereby allowing for more flexibility and 

creativity throughout the study (Glaser, 1965; Strauss and Corbin, 1994; 

Shackeroff et al., 2011).  Observations according to time, and potential species 

type, size, abundance, ecological structure, and existing community changes 

were analyzed, as well as other meaningful groupings that emerged from the 

study (Shakeroff et al., 2011).  For example, in evaluating open-ended questions, 

it became apparent that it would be logical to organize species mentioned into 

groups for analysis, as some species were only named once or twice, while 

some responses referred to groups of species (for example, angelfish). The 

mention of individual species was still valuable, especially when respondents 

mentioned species or habitat conditions not often studied or previously recorded. 
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The Seed 

 To initiate the study, an email was posted on the Coral-List listserver, 

which is managed by the National Oceanic and Atmospheric Administration 

(NOAA) (http://coral.aoml.noaa.gov/mailman/listinfo/coral-list).  NOAA’s Coral 

Reef Conservation Program as well as NOAA’s Atlantic Oceanographic and 

Meteorological Laboratory fund Coral-List.  NOAA describes the purpose of this 

list-serve as to provide discussions and announcements between coral 

researchers and scientists.  However, similar to some scientific societies, the list-

serve is also open to the general public.  As of December 2014, 8400 individuals 

were subscribed to the list.  In the recruitment email posted to coral-list, it was 

requested for respondents who considered themselves reef experts to respond to 

the post.  One condition of response to the post was for respondents to have at 

least one publication on the Florida Keys reef tract.   

Eight individuals responded to the Coral-List post.  They would act as the 

sampling seed for the study, as future respondents were generated from this 

group.  The seed initiated the snowball.  The sampling seed was diverse.  The 

average respondent age of the seed was 55 years old.  One individual was in 

their 30s, three in their 40s, one in their 50s, two in their 60s, and one in their 

80s.  Each of the seed respondents was an experienced scientist, and they spent 

their time conducting research on questions regarding the Florida Keys reef tract.  

Three individuals worked for the federal government; universities employed three 

others; an NGO employed one, and a private company employed one individual.  
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Seven of the eight had earned doctoral (PhD) degrees, and one had a master’s 

degree and considerable experience as a scientist.  The average duration 

working as a Keys reef expert among the seed was 19.5 years, and the average 

number of dives in the Florida Keys as an expert was 1728 (including one expert 

who did not dive at all for their work).  The average interview length for the seed 

group was 46 minutes for a total of 373 minutes (6.2 hours) of the testimony. 

 
 

All respondents 

 Each respondent was asked to provide names of individuals they 

considered to be experts on the Florida Keys coral reef ecosystem.  Two 

hundred total names were given, of which 112 were unique.  Three of the 112 

names were also represented in the seed, so they were excluded.  Of the 109 

remaining unique names, 15 individuals could not be contacted for a number of 

reasons, such as their contact information could not be located, or there was a 

conflict of interest due to a previous working relationship with the author.  These 

individuals were excluded from the study.  Therefore, 94 individuals were 

contacted, and of these 45 responded, resulting in a response rate of 47.9%.  

Another person used in the study was from the test survey, which then brought 

the number of respondents to 46.  The respondent from the test survey was not 

asked to provide names.  When added to the seed respondents, a total of 54 

individuals were interviewed.  This sample size is at the high end of the range for 

such studies, as approximately 30 individuals are often interviewed in similar 
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research (Mason, 2010).  The last three surveys conducted produced no new 

names, indicating a saturated sample.  On average, each name was referred 1.8 

times.  All respondents combined provided 2256 total minutes (or 37.6 hours) of 

testimony. 

 Respondents reported an estimated number of dives they conducted in 

the Keys.  For respondents who provided an estimated range (ex: 500–1000), I 

used the midrange value (i.e., 750).  Among all respondents, there were an 

estimated 137,372 dives in the Florida Keys as reef experts (135,571 dives as a 

low-end estimate and 139,172 dives as a high-end estimate).  One of the 54 

respondents did not provide a response to number of dives because they simply 

did not know their approximate number of dives.  This individual had many years 

of dive experience; therefore the number reported here is likely an 

underestimate.  Among all respondents, 1513 years of cumulative dive 

experience as reef experts was calculated.  These statistics translate into first 

hand eyewitness experience of transpired events. 

 The respondent’s average age was 56 years.  Twenty-seven individuals 

worked (or had previously worked) for government agencies, 7 worked for NGOs, 

7 worked for private companies, and 18 worked for universities (Table 1).  Some 

respondents were retired.  For these respondents, I used the organization they 

retired from or where they had most recently worked to represent their 

employment type.  
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Table 1.The occupations of respondents in this survey, and their distribution among types 
of employers. 

 
 
 
 

Role 

 
State 

of 
Florida 
(Govt) 

 
 
 

Federal 
(Govt) 

 
 

Caribbean 
Territory 

(Govt) 

 
 
 
 

NGO 

 
 
 

Private 
Company 

 
 
 
 

University 

Section 
Head/Department 
Chair (each are 
scientists) 

0 5 0 4 2 1 

Staff scientist 9 9 0 2 2 4 

Professor 0 0 0 0 0 12 

Museum curator 0 0 1 0 0 1 

Marine 
photographer 

0 0 0 0 1 0 

Fisher (is also a 
scientist) 

0 0 0 0 1 0 

Total 
9 14 1 6 6 18 
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CHAPTER FOUR:  ASSESSING SHIFTING BASELINES AMONG FLORIDA 

KEYS REEF EXPERTS 

 

INTRODUCTION 

 

This study assessed variation among Florida Keys reef experts regarding 

their baselines of various factors concerning the Florida Keys Reef Tract (bank 

reef, buttress zone, 10 m depth).  The baselines measured include percent coral 

cover, size of various keystone species, underwater visibility, as well as the 

period in history in which the baseline reef existed in the Florida Keys. What was 

the level of consensus among reef experts concerning what these baselines 

might be?  A result here may inform the community of the consensus view of 

what a "baseline" should be, and perhaps help shape and inform a more unified 

goal in coral restoration programs.  In restoration ecology, it is often the goal to 

return a habitat to its pre-disturbance condition.  Even though this goal is lofty 

and often immediately unachievable, having a concept of the baseline does 

inform a host of management decisions involving restoration.  As of January 

2015, there are at least 46 published manuscripts focusing on shifting baselines 

of individuals interacting with marine ecosystems.  Many of these publications 
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assumed the underlying premise of “shifting baselines,” while this study 

examined the underlying hypothesis of that premise. 

This study also examined variation among reef expert type in regard to 

each group’s baselines.  In Chapter One, two different types of reef experts were 

defined (government vs. non-government).  For much of this study, these groups 

were evaluated as one cohort.  However, each expert was classified into one of 

the two categories to assess potential differences among them.  The primary 

purpose of this distinction was to assess potential differences regarding baseline 

perceptions among reef experts representing universities, private companies, 

public, and non-profit organizations. It is important to highlight the synergy or lack 

thereof among these different groups of experts, as each is dependent on the 

other for managing, studying, promoting (through outreach), and restoring the 

reef environment.  With so many organizations involved in reef science, 

conservation, and policy, it is easy to imagine the possibility of competing 

interests, ideas, and goals being established among these groups. 

Because the definition of shifting baselines involves changing perceptions 

between generations of experts, this study examined the experts’ baselines 

correlated with their age.  If the shifting baselines syndrome is having a 

significant impact on scientists’ baseline classification of communities, one would 

expect a significant difference between older versus younger experts regarding 

their baselines.  It should be noted that many influences might also contribute to 

one's perceptions.  It is also possible that established biases rather than age 



  

33 
 

would be a greater determinant of a scientist's baselines (Precht and Miller, 

2007).  

Coral reefs have garnered much attention in recent years.  Reef 

communities are commonly discussed in the national news media in comparison 

to other ecosystems, along with the stated causes of their decline.  As such, the 

term "shifting baselines" has also been commonplace in reef literature, although 

rigorous examination of the idea is scarce. It is acknowledged here that a 

limitation of this study is that it cannot account for nor identify all of the biases 

respondents may have brought to the survey.   

An objective of this study was to add to the body of work examining 

shifting baselines as a hypothesis as well as to examine its potential effect on 

expert type.  To assess shifting baselines syndrome, the following null 

hypotheses were tested: 

 

 H01: Respondent baselines (using various measures) of the Florida Keys 
coral reef ecosystem are not affected by shifting baselines syndrome. 
 
H02: Respondent baselines (using various measures) of the Florida Keys 
coral reef ecosystem are not affected by reef expert type. 

 

 

METHODS 

 

To assess H01 and H02, a series of open-ended questions addressing 

respondent baselines regarding YBP, coral cover, and targeted species length 
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were asked.  Respondent age, experience, and employment type was then 

correlated with their responses to assess potential shifting baselines.  Please 

refer to Chapter Two for more details on study population, methods, and 

analyses.  Pearson’s r were calculated using SPSS software. 

 

RESULTS AND ANALYSIS 

 

Establishing the baseline period (YBP) 

To assess H01, regarding the YBP that respondents considered to be their 

baseline for comparing stony coral cover in the Keys to present conditions, the 

following question was asked: 

How many years past (if any), would you use as the ecological baseline 

for percent cover for stony corals in the Florida Keys as a guide for setting 

restoration targets (on average throughout the keys, bank reef, buttress 

zone, at 10 m depth)? 

Responses to this question were variable.  Some respondents provided a 

specific number of years past, while other respondents provided a range of years 

(Appendix 2); for example, some respondents would say “the 1970s”.  Since the 

question asked respondents for their baselines “on average,” the midrange for 

such a response was calculated (i.e., 1975), which was used as the YBP 

baseline for this type of response.  The range of responses reported was 
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between 15–6000 YBP.  Two of the 54 respondents did not provide an answer to 

this question; with one claiming an answer would not be practical. 

The responses to this question showed little change when the outlier was 

excluded from the different groups of experts.  The outlier was one response of 

6000 YBP.  The range of all other responses was between 12 and 126 YBP.  The 

mean-range for all groups of respondents (respondents younger and older than 

60 years, government and non-government workers, with less than and greater 

than 20 years of experience, as well as respondents with less than and greater 

than 1500 research dives) was between 44 and 48 YBP (Table 2).  This lack of 

variability among respondents of varying age and experience supports H01.  

Also, that lack of change among expert types (government versus non-

government experts) support H02, which states respondent baselines are not 

affected by reef expert type. 
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Table 2. Mean (standard deviation) YBP baselines among various respondent types.  

How many years past (if any), would you use as the 
ecological baseline for percent cover for stony corals in the 
Florida Keys as a guide for setting restoration targets (on 
average throughout the keys, bank reef, buttress zone, 10m 
depth)? 

  

 
M    (SD) N 

With outlier * 159 (826.1) 52 

Without outlier  44 (18.36) 51 

For respondents younger than 60 years old - Without 
outlier  

44 (19.56) 27 

For respondents age 60 and older  44 (17.32) 24 

For government experts - Without outlier  45 (25.84) 23 

For non-government experts  44 (8.94) 27 

For respondents with less than 20 years experience - 
Without outlier  

44 (22.59) 21 

For respondents with greater than 20 years 
experience  

44 (15.15) 30 

For experts with less than 1500 dives in the Florida 
Keys - With outlier  

41 (9.99) 28 

For experts with greater than 1500 dives in the 
Florida Keys 

48 (25.37) 22 

There was one outlier in the data.  One respondent gave a response of 6000 YBP.  The 

closest response to 6000 was 126 YPB. Therefore the above data are represented with 

and without this outlier.  The numbers represent YBP averages among each expert type.  

The numbers in parentheses indicate the standard deviations per expert type.  Mean 

YBP baselines for all respondents (N = 51), not including the outlier, was 44 YBP. 
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 To assess relationships between respondent YBP baselines and age, 

years of experience and number of dives (also a measure of experience), 

Pearson’s correlation coefficients were calculated.  Null hypothesis 1 was 

supported by the data, as no correlation between YBP baseline and age, 

experience or number of dives was statistically significant (Table 3).  The majority 

of respondents’ baselines were between 30 and 50 YBP (Figure 2). 

 Data do not support the hypothesis that number of dives has an 

effect on YBP baselines (Figure 3).  In fact, data suggests these two factors are 

independent of one another.  For example, the respondent in the study that 

reported the highest number of dives (over 20,000) reported an YBP baseline of 

47, just above the average of 44 (Figure 3).  The respondent reporting the 

highest perceived YBP baseline (excluding the outlier) of 126, reported 1600 

research dives conducted in the Florida Keys, well below the average of 2564 

dives reported among all respondents.The results presented here support H01.  

Reef experts appear to not be affected by shifting baselines syndrome.  By 

contrast the data provide strong evidence for consensus among the different reef 

expert types with regard to the most appropriate time frame for a Florida Keys 

reef tract baseline, e.g. respondents both younger (SD = 19.56) and older (SD = 

17.32) than 60 reported an average YBP baseline of 44.   
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Table 3. Pearson’s correlation coefficients (r) and levels of significance (p) for the 
relationships between YBP and age, years of experience and number of dives. 

How many years past (if any), would you use as the ecological 
baseline for percent cover for stony corals in the Florida Keys 
as a guide for setting restoration targets (on average 
throughout the keys, bank reef, buttress zone, 10m depth)? 

 
r p n 

YBP vs Age -0.074 0.607 51 

YBP vs Years of Experience 0.098 0.493 51 

YBP vs Number of Dives 0.085 0.559 50 
No correlations were significant at p 0.05. 
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Figure 2.  Respondent perceived YBP baselines plotted against their age. The 
majority of respondents’ perceived YBP baselines was between 20 and 50.  No 
relationship between age and YBP was established. 
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Figure 3. The Respondents’ perceptive YBP baselines plotted against the respondents’ 
total number of dives.   
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Percent cover baselines 

To further test H01, respondents’ perspective on percent cover baseline of the 

Florida Keys bank reef system was examined by asking the following question:  

For the Florida Keys, what should be the baseline percent cover for stony 

coral (on average throughout the Keys, bank reef, buttress zone, at 10 m 

depth)? 

The types of responses to this question were variable.  Some individuals 

provided a specific percentage, and others provided a range of percentages (ex: 

30%‒35% cover) (Appendix 2).  Since the question asked for their baselines “on 

average,” the midrange was calculated (for example, 32.5) to use as the 

respondent’s percent cover baseline. 

The mean percent cover reported among all respondents was 33.25.  The 

range of responses was between 4%‒67.5%.  Four of the 54 respondents did not 

provide a numerical response.  One respondent indicated that devising a 

baseline for the reef tract was not practical, citing that it was impossible to come 

up with such a number.  A second respondent stated that such a number was too 

variable, and two other respondents stated they had “no comment” on the 

question.   

The means to this question showed little variation (Table 4).  The range of 

all groups of respondents (respondents younger and older than 60 years, 



  

42 
 

government and non-government workers, respondents with less than and 

greater than 20 years experience, as well as respondents with fewer than and 

greater than 1500 research dives in the Florida Keys) was between 30% and 

36% coral cover.  Also, that lack of difference among expert types supports H02 

(baselines not affected by reef expert type). 

To assess potential relationships between respondent percent cover 

baselines and age, experience, and number of dives, a Pearson’s correlation 

coefficient was calculated between these variables.  None of the correlations are 

statistically significant (Table 5).   

The distribution of percent cover responses was examined, as the majority 

of respondents’ baselines were between 20 and 50 percent coral cover (Figure 

4).  Four respondents reported baselines above 60 percent coral cover, one of 

each aged in their 30s, 40s, 50s and 80s.  This wide range of ages among the 

highest baselines further supports the hypothesis.  On the other hand there is a 

slight trend suggesting that more experienced respondents favored baseline 

coral cover slightly greater (36%) compared to less experienced interviewees 

(33%).  That correlation would have been significant at p=0.10. 

Two respondents reported between 10-20,000 dives completed (the 

highest dive categories) and reported baselines of between 11% and 30% coral 

cover (Figure 5), less than the average baseline reported among all respondents.  

This illustrates the lack of support for the hypothesis.  However, the data provide 
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strong evidence for consensus among the different reef expert types, as the reef 

expert community has reported in this study that the percent cover baseline is 

approximately 33 percent (SD = 16.65). 

 

What informs expert’s YBP and percent cover baselines? 

To assess what influenced respondent YBP and percent cover baselines of 

the Florida Keys bank coral reef tract, each expert was asked what “informed his 

or her baseline.”  Forty-six of 54 respondents responded to this question.  The 

majority of respondents indicated they derived their YBP and percent cover 

baselines based on when data were first available.  Many of the interviewees 

cited Dr. Phil Dustan’s early study (Dustan, 1977) of Carysfort Reef, indicating it 

was the earliest instance in which a baseline could be derived (Figure 6).  This 

result supports H01 because respondents reported they were using available 

data to establish their baselines.  One might expect personal observation to have 

the most significant influence on those interviewed if baselines were shifting 

based on age or experience.  However, respondents have suggested they are 

looking beyond what they have seen to establish baselines. 
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Table 4.  Mean (standard deviation) percent cover baselines among various respondent 
types.  

For the Florida Keys, what should be the baseline percent cover for 

stony coral (on average throughout the keys, bank reef, buttress zone, at 

10 m depth)? 

 
M   (SD) N 

All  33 (16.65) 50 

For respondents younger than 60 years old 34 (17.15) 27 

For respondents age 60 and older 33 (16.42) 23 

For government experts 34 (17.73) 22 

For non-government experts (28) 33 (16.08) 28 

For respondents with less than 20 years experience 30 (17.79) 22 

For respondents with greater than 20 years experience 36 (15.96) 28 

For respondents with fewer than 1500 dives in the Florida 
Keys 

32 (17.46) 28 

For respondents with greater than 1500 dives in the Florida 
Keys 

34 (13.9) 21 
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Table 5.  Pearson’s correlation coefficients (r) and levels of significance (p) for the 
relationships between percent cover and age, years of experience and number of dives. 

For the Florida Keys, what should be the baseline percent cover for stony 
coral (on average throughout the keys, bank reef, buttress zone, at 10 m 
depth)? 

  r p n 

Percent cover vs Age 0.052 0.72 50 

Percent cover vs Years of experience 0.256 0.072 50 

Percent cover vs Number of dives 0.024 0.87 49 

No correlations were significant at p 0.05) 
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Figure 4. The respondents’ perceptive coral percent cover baselines plotted against their 

ages.   
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Figure 5. The respondents’ perspective coral percent cover baselines plotted against 

their total number of research dives in the Florida Keys.   
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Figure 6.  Responses to how respondents say they established their baselines for YBP 
and percent cover baselines (n=46).   
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Species-specific baselines 

To assess the null hypothesis that shifting baselines syndrome does not have an 

effect on respondent baselines (H01), respondents were asked to report on their 

understanding of baselines lengths for goliath grouper, Nassau grouper, queen 

conch and the spiny lobster (carapace).  Several respondents were hesitant to 

answer questions regarding specific species, as respondents would often state 

they were not expert on that species and several declined to comment.  This was 

expected based on the range of expertise represented in the sample.  The mean 

baseline reported for queen conch was 11 inches (n = 22; SD = 5.44), 5.4 inches 

for spiny lobster carapace (n = 34; SD = 6.71), 56 inches for goliath grouper 

length (n = 28; SD = 29.09), and 23 inches for Nassau grouper length (n = 27; 

SD = 6.82).  The coefficient scores listed in Table 6 support H01, as no 

correlations between these, were statistically significant at p = 0.05.  However it 

does appear that there may be some association between increasing age of 

respondents and judgments about increasing abundance and size of Goliath 

grouper at p = 0.10.  Differences in mean baselines between government and 

non-government experts were also measured (Figure 7), although no statistical 

differences were discovered (Table 7). 
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Table 6. Pearson’s correlation coefficients (r) and levels of significance (p) for the 
relationships between species length and age, years of experience and number of dives 

Describe changes you observed over time regarding size and 
abundance of the following species:  

 
   

Queen Conch (n=22) 
 

  
 r p n 

Age -0.306 0.116 22 

Experience -0.240 0.283 22 

Number of Dives 0.031 0.891 22 

  
  Spiny Lobster (n=34) 

 
  

  
  

Age 0.114 0.522 34 

Experience 0.116 0.513 34 

Number of Dives -0.146 0.418 34 

  
  Goliath Grouper (n=28) 

 
  

  
  

Age 0.319 0.098 28 

Experience -0.111 0.575 28 

Number of Dives 0.173 0.374 28 

  
  Nassau Grouper (n=27) 

 
  

  
  



  

51 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age -0.011 0.958 27 

Experience -0.031 0.877 27 

Number of Dives 0.245 0.228 27 

No correlations were significant at p>0.05 
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Figure 7. A comparison of government vs. non-government experts’ perceived species 
length baselines (carapace length was asked for spiny lobster).  Goliath grouper showed 
the largest difference among these expert types.  Bars indicate standard error. 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

Queen Conch Spiny Lobster Goliath Grouper Nassau Groouper

In
ch

es
 

Government Baseline Non-Government Baseline



  

53 
 

Table 7.  Paired t-test results measuring relationships between government and non-
government experts’ species length baselines. 

  t d.f. p n 

Queen conch 0.027 9 0.979 10 

Spiny lobster 1.279 15 0.22 16 

Goliath grouper -1.848 10 0.094 11 

Nassau grouper -1.365 10 0.202 11 

No relationships were statistically significantat p>0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

54 
 

Visibility 

Twenty-four of 54 respondents reported visibility (water clarity) baselines. 

The average of the baseline underwater visibility reported by each of the 24 

respondents was 63 feet (SD = 33). Government experts reported, on average, a 

baseline underwater visibility of 68 feet (SD = 40), and non-government experts 

reported on average a baseline of 59 feet (SD = 25), a difference of 8.75 feet.  

As illustrated in Table 8, there was a significant negative correlation 

between age and visibility, suggesting older respondents had smaller visibility 

baselines (less water clarity).  This negative relationship further supported the 

null hypothesis, as shifting baselines syndrome would suggest older respondents 

would report a greater baseline than younger respondents.  Government experts 

reported longer visibility baselines (Figure 8). 

 

Witnessing an Acropora sp.-dominated reef in the Florida Keys 

Each respondent was asked if they had witnessed an Acropora sp.-

dominated reef in the Florida Keys.  Each of the 54 respondents responded to 

this question.  Forty respondents (74%) indicated they had witnessed an 

Acropora sp.- dominated reef (Table 9).  Ten of the 14 respondents indicating 

they had not witnessed an Acropora sp.-dominated reef were under 40 years of 

age.  This is logical as younger scientists would not have been alive or of age to 

experience the reef before significant decline.  The average age of respondents 

that had not experienced an Acropora sp.-dominated reef was 43 years, while 
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the average age of respondents that had witnessed an Acropora sp.-dominated 

reef was 61.  Seventy percent of respondents younger than 40 years old had not 

witnessed an Acropora sp.-dominant reef in the Florida Keys.  Ninety-six percent 

of respondents over the age of 60 (26 individuals) had witnessed an Acropora 

sp.-dominated reef (Table 9).  This is an indication that respondent experience 

with the reef differed according to age, although there was no evidence that 

baselines shifted because of age.  If shifting baselines syndrome were affecting 

these experts, differences in baselines, based in part by differing age-related 

experiences, would be expected.  A reef system in which branching corals were 

responsible for much of topographic complexity of certain regions of the Keys 

reef was prevalent early on in older respondents’ careers.  Therefore, 

respondents would have experienced a different ecosystem than younger 

respondents do today, as many of those corals have perished.  However, there is 

little evidence to suggest that this difference in experience has yielded different 

perceived coral baselines. 
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Table 8.  Coefficient scores for visibility versus age, experience, and number of 
 dives. 
What was the average visibility at the start 

of your career (on average throughout the 

keys, bank reef, buttress zone, 10m 

depth)? 

    

r p N 

Visibility vs Age     -0.491 0.015 24 

Visibility vs Years of 
experience -0.345 0.099 24 

Visibility vs Number of 
dives   0.059 0.784 24 

 

What was the average visibility at the start of your career (on 
average throughout the keys, bank reef, buttress zone, 10m 
depth)? 

    

r p N 

Visibility vs Age     -0.491* 0.015 24 

Visibility vs Years of experience -0.345 0.099 24 

Visibility vs Number of dives   0.059 0.784 24 

*Correlation significant at p>0.05 
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Figure 8.  Mean baselines for visibility as perceived by government versus non-
government experts.  Bars indicate standard error. 
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Table 9.  Responses to the question of if they witnessed an Acropora sp.-dominated 
reef.  A response of “No” indicates that the respondent had not witnessed an Acropora 
sp.-dominated reef.  For example, as indicated below, 26% of respondents stated that 
had not witnessed an Acropora sp.-dominant reef in the Florida Keys.   

Have you personally witnessed an Acropora sp.-dominated reef in 
the Florida Keys? 

                                                                     Ratio Percentage 

Number if respondents reporting no No          14 out of 54 26% 

Number of respondents reporting Yes            40 out of 54 74% 

Number of respondents younger than 
40 years old reporting No                                 7 out of 10 

70% 

Number of Respondents younger than 
 50 years old reporting No                              10 out of 20 

50% 

Number of respondents 
Younger than 60 years old 
reporting No                                                    13 out of 28 

46% 

Number of respondents younger than 
 70 years old reporting No                              14 out of 43 

33% 

Number of respondents 60 years  
and older reporting - Yes                                25 out of 26 

96% 
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DISCUSSION 

 

 In 1995, Daniel Pauly published a highly influential paper (1383 citations 

as of September 2016) establishing the concept of shifting baselines syndrome 

(Pauly, 1995).  Since then, other highly influential papers, such as Jeremy 

Jackson’s 2001 manuscript (4824 citations as of September 2016) have been 

published, citing shifting baselines as a great concern for the conservation of 

species (Jackson, 2001).  Pauly (1995) referred to scientists in his original 

manuscript on shifting baselines, stating:   

“…each generation of fisheries scientist accepts as a baseline the 

stock size and species composition that occurred at the beginning 

of their careers, and uses this to evaluate changes.” 

Null hypothesis one states that respondent baselines (using various 

measures) of the Florida Keys coral reef ecosystem is not affected by shifting 

baselines syndrome.  The results of 54 interviews with Florida Keys experts 

measuring seven different ecosystem baselines (coral percent cover, coral YBP 

baselines, visibility and four species-specific lengths) did not support the notion 

of shifting baselines among these experts.  After measuring reef YBP and coral 

percent cover baselines, there was no evidence age played a significant factor in 

respondents’ reported baselines.  In fact, only 17% of all respondents reported 

using their personal observations to establish baselines.  This suggests that 

regardless of age, respondents are using available data, including events such 
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as the die-off of Diadema antillarum and the published record of the decline of 

the reef to establish their understanding of these baselines.  These data may 

support the concept that experts are resistant to shifting baselines syndrome, as 

they seek available data to establish their expectations of ecosystems, as least 

for the Florida Keys Reef Tract.   

The prospect of using historical and social data to understand ecosystems 

has gained significant attention as of recent.  Pauly (1995) urged scientists to 

“maximize the use of fisheries history.”  Jackson (1997) stated: 

“History shows that Caribbean coastal ecosystems were severely 

degraded long before ecologists began to study them.” 

Pinnegar and Engelhard (2008) argued that ocean ecosystems have been 

degraded for millennia, as even low-level ‘artisanal’ fishing can dramatically 

impact populations.  However, only 13% of respondents in this study mentioned 

this type of data having impacted their baselines.  Is historical data in ecology 

being rejected or simply overlooked in coral reef ecology?  Is there simply a lack 

of resources related to historical ecology?  These would be logical follow-up 

questions.  Either way, this study showed little evidence that historical ecological 

data affected the respondents’ baselines, as the majority of respondents 

identified relatively recent quantitative data being their primary influence in 

establishing expectations of the Florida Keys coral reef.  

This study also demonstrated that there is a strong difference in what 

older versus younger experts have experienced as it pertains to the Florida Keys 
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reef tract.  Seventy percent of reef experts surveyed under the age of 40 stated 

they have not witnessed an Acropora sp.-dominated reef, whereas 96% of 

experts over the age of 60 had seen such a reef.  Given the dramatic difference 

in personal experience, one might expect there to be strong differences in 

baselines if shifting baselines syndrome were affecting respondents.  However, 

there was no evidence for a difference in baseline based on respondent age. 

 This study is also significant because it measured and illustrated strong 

consensus among the expert community regarding baselines of the Florida Keys 

reef system, a point of contention among reef experts for decades (Porter, 1992).  

Though there was an outlier, the community agreed on approximate baselines of 

44 YBP and 33% coral cover (on average) for this ecosystem, with available 

quantitative data as the primary driver of these established baselines. 

 Null hypothesis two of this study stated that respondent baselines (using 

various measures) of the Florida Keys coral reef ecosystem were not affected by 

reef expert type.  This work showcased broad consensus among expert type 

supporting hypothesis two.  Regardless of the place of employment, the results 

reported here do not support any significant influence of employment type, as all 

of the respondents were largely of the same accord, a fact that may prove 

beneficial for coral reef conservation.  

 Queen conch, goliath grouper, and Nassau grouper are each considered 

overfished, (NMFS, 2005) and the current level of protection for spiny lobster is 

seen as insufficient to protect the size and abundance of the species in the 
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region (Donahue, 2008).  It is imperative to assess experts’ baselines and 

potential consensus to communicate management suggestions to policy makers 

more clearly.  There was little evidence for experts experiencing shifting 

baselines regarding these species.  Non-government experts had a longer 

baseline for goliath grouper, though there was no pattern for private experts 

having greater baselines among the different species.  There is lack of evidence 

for shifting baselines regarding these species, but perhaps more importantly, a 

baseline for these species has been established based on expert opinion.  This 

information can help inform policymakers as they make decisions concerning the 

assessment of species health and in establishing new goals for species 

protection. 

 Percent coral cover is itself variable and is assessed by various methods.  

In the Florida Keys reef tract, many seascapes would naturally lend themselves 

to greater or lesser coral cover.  Acropora sp. thickets have been studied and 

recorded throughout the Florida Keys prior to significant decline (Dustan, 1977; 

Dustan and Halas, 1987; Vaughan, 1914; Voss, 1960), although they 

experienced significant declines over the past four decades (Gardner et al., 

2003; Shinn et al., 2003).  Florida Acropora sp. habitats have been affected by 

cold weather (Kemp, 2016), disease (Harvell et al., 2004), and increased sea 

temperatures (Hoegh-Guldberg, 1999). Scientists have consistently debated the 

importance of local impacts such as overfishing and pollution versus the global 

impacts of climate change and ocean acidification as the primary drivers of 
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decline (Bruno and Valdivia, 2016).  Given the lack of historical data and various 

hypotheses presented in the scientific literature in regard to coral baselines, 

combined with the urgency of preventing coral decline, gathering expert opionion 

of baselines may be valuable in the development of informed coral reef 

management strategies.  This presentation of prevailing views of coral baselines 

may be utilized by the scientific community as they may be better armed to move 

swiftly to address pressing environmental concerns. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

64 
 

 

 

 

CHAPTER 5:  ASSESSING REEF EXPERTS’ VIEWS OF KEY MARINE 

AFFAIRS, INCLUDING REEF RESTORATION AND MARINE PROTECTED 

AREAS 

 

INTRODUCTION 

 

Establishing clear goals and expectations for coral restoration projects in 

the Florida Keys has proven difficult.  It has been unknown whether the majority 

of experts consider establishing ecosystem function or increased percent coral 

cover to be the standard of success, for example.  Also, given the financial 

support of restoration efforts by government grants and agency budgets, 

understanding the expectations and perceptions of ecosystem management 

actions among professionals may help steer agency priorities. 

Increased understanding of respondent expectations regarding key marine 

affairs, including for matters concerning marine protected areas (MPAs), were 

explicit goals of this study.  The relationship between respondent perceptions 

and age, experience, and employer type were examined, as well as whether 

experts thought it was useful to establish broad baselines. 
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A study by Toth et al. (2012) suggested coral reefs are inherently resilient 

to change over time and have experienced severe collapse in the past due to 

natural phenomena.  Sea level has been rising in the Florida Keys region during 

the past several thousand years, and this may result in the demise of the Florida 

Keys reef system (Lidz and Shinn, 1991; Precht and Miller, 2007).  Given this 

long-term pattern of sea-level rise combined with the reef's inherent resilience, as 

well as conservation measures taken by man, experts were questioned as to 

whether or not they expect the reef to be “restored,” and what “restored” means.  

Figure 9 illustrates a screen capture of NOAA’s website touting the success of a 

restoration project.  It states the reef was “successfully” restored after a boat 

grounding.  This “success”” was declared even though standards of coral 

restoration had not clearly been defined.  Such a clear (or at least clearer) 

definition of restoration success as determined by reef experts was one objective 

of this research.  

While it is important to establish baselines, it is equally important to 

determine “experts” opinions about reef decline, as what scientists consider as 

the main cause of decline (ex: anthropogenic climate change) may have a great 

impact on their personal baselines. The survey asked what the most threatening 

stressors, as well as whether natural cycles or human stressors are the primary 

causes of reef decline. 
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Figure 9.  This screenshot was taken from NOAA's website on April 20th, 2012.  The 
page is promoting the restoration efforts resulting from the Lagniappe II boat grounding.  
The Lagniappe II is a 36 foot long boat that ran aground on a shallow reef off the coast 
of Key West, Florida. 
http://www.noaanews.noaa.gov/stories2011/20111209_floridakeys.html.  

 

 

 

 

 

 

 

 

 

http://www.noaanews.noaa.gov/stories2011/20111209_floridakeys.html
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This study also examined whether or not experts perceive that 

establishing universal baselines is a useful activity.  As a reef expert, one might 

assume it would be valuable to have a widely accepted baseline to reference in 

order to establish reef management objectives.  This may also benefit 

management targets for federal and state government agencies as well as the 

plethora of not-for-profit and private organizations and universities working on 

reef issues.  Until now, it was unknown if the reef research and management 

community is largely in agreement regarding these matters.   

To examine respondent attitudes toward coral restoration and MPAs, as 

well as potential relationships between these attitudes and respondent age and 

experience, the following hypotheses were tested: 

H03: Respondents expect marine protected areas to have no impact on 
the recovery of the coral reef within the next 100 years 
 
H04: Respondent age, experience, and employment type have no impact 
on respondent’s expectations of marine protected area’s capacity to 
facilitate reef recovery  

H05: Respondents expect stony coral planting activities to have no impact 
on percent stony coral cover recovery within the next 100 years. 
 
H06: Expert type has no effect on respondent’s expectations on reef coral 
planting’s capacity to facilitate reef recovery. 

H07: Respondents do not value coral and reef species baselines. 

H08: Respondents are not hopeful for stony coral recovery in the Florida 
Keys over the next 100 years. 

METHODS 

 To assess respondent attitudes toward MPAs and reef conservation 

methods, a series of yes-no, as well as Likert-scale questions, was asked.  
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Responses were evaluated based on age, experience and employment type.  In 

order to compare responses among these groups (ex: government versus non-

government experts), response ratios were evaluated among the different 

groups.  Chi-square tests for independence 

(www.socscistatistics.com/tests/chisquare; http://www.measuringu.com/ab-

calc.php) were performed to evaluate if differences in the replies between the 

groups (ex: government versus non-government expert) were statistically 

significant.   

 

RESULTS AND ANALYSIS 

 

Evaluating marine protected areas in the Florida Keys. 

 In order to examine experts’ views on marine protected areas in the 

Florida Keys (H03), four statements were recited to respondents, which asked 

them to reply either “yes” or “no.”  The statements were as follows: 

 

1. Marine protected areas increase the size and distribution of reef fish 

within protected areas. 

2. Marine protected areas increase the size and distribution of reef fish 

outside of the protected areas. 

3. Marine protected areas lead to increased percent cover of stony 

corals within protected areas. 

http://www.socscistatistics.com/tests/chisquare
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4. Marine protected areas lead to increased percent cover of stony 

corals outside of protected areas. 

The majority of experts stated that MPAs lead to greater size and distribution of 

reef fish inside (87%) and outside (82%) of MPAs (Figure 10).  Experts had a 

different view of MPAs regarding corals, as the majority of experts believed 

MPAs did not lead to increased percent cover of stony coral inside (31%) and 

outside of (24%) MPAs (Figure 10), thereby supporting H03.  

 

MPA responses – evaluation of respondent groups 

In order to assess differences among experts regarding statements 1-4, 

respondents were categorized by age, experience and employment type 

(government vs. non-government employee) (Figures 11-14).  Only one 

relationship was found to be statically significant at p < 0.05, which was that for 

statement 2, respondents with more than 1500 professional dives were more 

likely to suggest that MPAs lead to greater size and distribution of reef fish 

outside of MPAs (p = 0.028).  The relationship between greater number of dives 

and increased expectations did not continue in other questions. These results 

support H04, as there was an overall lack of relationships discovered.  The 

detailed results of the chi-square analyses can be found in Appendix 3.   
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Figure 10.  Responses to the four statements concerning MPAs (yes or no).     
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Statement 1 Responses –MPAs lead to increased size and distribution of 
reef fish within MPAs 
 

 
Figure 11.  Responses (yes or no) to statement one (fish within MPAs) by respondent 
group.  Sample size in parentheses. 
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Statement 2 Responses –MPAs lead to increased size and distribution of 
reef fish outside of MPAs 

 
Figure 12. Responses (yes or no) to statement two (fish outside MPAs) by respondent 
group.  Sample size in parentheses. 
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Statement 3 Responses –MPAs lead to increased percent cover of stony 
corals within MPAs

 
Figure 13.  Responses  (yes or no) to statement three (corals within MPAs) by 
respondent group.  Sample size in parentheses. 
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Statement 4 Responses –MPAs lead to increased percent cover of stony 
corals oustide of MPAs 

 
Figure 14.  Respones (yes or no) to statement four (corals outside MPAs) by expert 
group.  Sample size in parantheses. 
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Government experts’ expectations of MPAs 
 

Non-government experts were more likely to agree that MPAs increased 

stony coral percent cover inside MPAs (non-government = 36% agree, 

government = 24% agree) and outside of MPAs (non-government = 15% agree, 

government = 7% agree).  The difference in responses among non-government 

and government respondents were not significant at p < 0.05, although to further 

examine this relationship among government and non-government experts 

regarding corals within MPAs, an N-1 chi-square test, which is a two proportion 

test that compares independent proportions was performed, in which a 62% 

chance that the proportions reported among government versus non-government 

experts are different was calculated.  According to this test, an 81% chance non-

government experts have a higher proportion was calculated (p = 0.376).  

 Although this test was not as stringent as the initial chi-square test (which 

was tested at p < 0.05), the pattern in the two responses may warrant further 

inquiry into how government and non-government experts view MPAs.  

Qualitative research (particularly at the sample sizes utilized in this study), as 

argued throughout this research and reviewed further in Chapter 6, may reveal 

important conclusions outside the bounds of statistical significance at p = 0.05 
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Respondent attitudes toward key marine affairs 

In order to evaluate respondent attitudes toward key marine affairs 

concerning the Florida Keys reef tract, respondents were asked to provide a 

response between 1‒6 on a Likert scale (1‒3 disagree, 4‒6 agree) to a series of 

questions and statements (L1-12) (Figures 15 and 16, Appendix 4).  The marine 

affairs questions/statements were as follows: 

L1. Do you value stony coral baselines? (53)      
  
L2. Do you value goliath grouper baselines? (53)      
  
L3. Do you value Nassau grouper baselines? (53)      
  
L4. Do you value spiny Lobster baselines? (53)      
  
L5. Climate change will cause complete stony coral extinction in the Keys? (54)  

  

L6. Climate Change will negate coral transplanting activities. (54)    

  

L7. Coral transplanting activities are having a positive impact. (53)  

    

L8. Coral % cover will increase over next 100 years in the Keys. (53) 

   

L9. Through management, humans are able to increase coral cover. (53)  

   

L10. Decline in % cover primarily due to anthropogenic factors. (54) 

    

L11. Decline in stony corals are due to natural factors. (54)     

  

L12. Corals worldwide will perish (go extinct) over next 100 years. (54) 

Based on responses, the majority of respondents suggested they valued 

establishing baselines of stony coral percent cover (72%), goliath grouper length 

(87%), Nassau grouper length (91%) as well as spiny lobster carapace length 

(91%).  In other words, respondents felt establishing baselines is a worthy 
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exercise. This refutes null hypothesis 7, that respondents do not value coral and 

reef species baselines.   

The majority of respondents suggested climate change will not cause 

stony coral extinction within the next 100 years (L5 = 70% disagree), nor did 

respondents think climate change will negate (meaning the coral reef and the 

new transplants will continue to perish despite this restoration effort) coral 

transplanting activities (L6 = 76% disagree).  However a slight majority of 

respondents report coral transplanting is not having a positive impact on stony 

coral recovery (L7 = 53% disagree), supporting null hypothesis 5. 

The majority of respondents disagreed with the statement that stony coral 

percent cover would increase over the next 100 years in the Florida Keys (L8 = 

81% disagree) and only a slight majority of respondents (L9 = 51%) agreed that 

through management, humans can increase stony coral percent cover.  The vast 

majority of those surveyed (L10 = 89%) agreed that the decline of the reef was 

primarily due to anthropogenic factors but 85% of respondents (L12) disagreed 

with the statement that stony corals would go extinct worldwide within the next 

100 years. 
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Figure 15. Responses to statements (L1-L4) concerning species-specific baselines. 
Sample size in parentheses. 
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Figure 16.  Responses to statements (L5-12) concerning key marine affairs. 
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These twelve questions and statements were also evaluated based on 

respondent groups including number of dives (greater than/less than 1500 dives) 

(Figure 17), years of experience (greater than/less than 20 years experience) 

(Figure 18) age (younger/older than 60) (Figure 19), and employment type 

(government/non-government) (Figure 20).  A chi-square test was performed to 

test for relationships among members of each these groups.  Of the 48 individual 

relationships tested, three were significant at p < 0.05 (Appendix 5).  

Respondents with less years experience were more likely to agree that decline in 

percent coral cover was due to anthropogenic factors (L10, Figure 16) (p = 

0.038).  Respondents age 60 and older were more likely to state climate change 

would negate coral transplanting activities (L6, Figure 19) (p = 0.028), and 

respondents with less than 20 years experience were more likely to value the 

establishment of a baseline for goliath grouper (L2, Figure 18) (p = 0.028). 

Differences in responses among these groups lacked clear patterns, 

thereby supporting null hypothesis 4, which states: “age, experience, and 

employment type have no effect on respondent’s expectations of marine 

protected area’s capacity to facilitate reef recovery.” 

There was, however, an interesting and more nuanced result, in that 

government experts had lower expectations for marine management.  This 

argument is discussed in the Hope and Discussion sections of this Chapter. 
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Figure 17.  Responses to questions concerning key marine affairs grouped by experts 
with more than or less than 1500 professional in the Florida Keys dives. 
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Figure 18. Responses to questions concerning key marine affairs grouped by experts 
with more than or less than 20 professional experience in the Florida Keys dives. 
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Figure 19. Responses to questions concerning key marine affairs grouped by experts 
older than and younger than 60 years old.
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Figure 20. Responses to questions concerning key marine affairs grouped by non-
government and government experts.
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Hope 
 
 In addition to the technical aspects of coral reef baselines, the research 

reported here probed respondent expectations and views regarding the Florida 

Keys reef. Hope for the future was the focus of this set of inquiries.  Null 

hypothesis 8 postulates that the experts surveyed would not be hopeful about the 

future of the Key reef ecosystem.  The rationale of having evaluated hope was 

the concern that the damaged state of the reef may limit experts’ enthusiasm, 

and even willingness, to continue to tackle significant problems.  It is also a 

practical consideration, in that based on what experts know of the state of the 

reef combined with future projections of climate change and ocean acidification, 

do experts expect the future to yield improvement in coral cover?   Has the reef 

system become so degraded that, in light of continuing threats like climate 

change and ocean acidification, professionals no longer believe it can be 

restored? 

Six of the previously discussed 12 questions were evaluated as measures of 
hope for the future. 
 

Q5  Climate change will cause complete stony coral extinction 

within the next century. 

Q6  Climate change will negate any benefits of coral transplanting 

activities. 

Q7 Coral transplanting projects are having a significant positive 

impact on stony coral recovery. 

Q8  You expect stony coral percent cover will increase over the 

next 100 years in the Florida Keys. 

Q9  Through various management practices, humans can increase 

stony coral percent cover significantly. 



  

86 
 

Q12  Corals worldwide will go extinct over the next 100 years in the 

Florida Keys. 

 Based on results, being younger (under 60 years old) had a greater 

positive effect on hope than being older for each of the six measures (Figure 19).  

In what might be thought unfortunate, being a government-employed expert had 

the greatest negative effect on expectations that management approaches would 

be helpful in stony coral restoration compared to other respondent characteristics 

(age and experience).  Of all government experts, 61% disagreed that humans 

could increase coral cover through ecosystem management.  In contrast, 39% of 

non-government experts did not agree with this statement.  This difference 

seems to be a valuable insight since it is from within the government agencies 

that management policies are developed and enforcement is based. 

 For the purposes of this report The Muldrow Hope Index (MHI) for stony 

coral recovery was developed.  It is calculated by considering responses to these 

six statements (L5-9 and 12) and then adding by the number of optimistic 

responses the majority of each group held (Figure 21).  Being younger had the 

greatest positive influence on hope, while being a government employee had the 

least positive influence on hope.  However, when all reef experts’ responses are 

considered they were more hopeful than not (Figure 21).  Thus, the data do not 

support (H08) the notion that these professionals are not hopeful about the future 

of coral reef systems.   
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Figure 21. The Muldrow Hope Index of Stony Coral Recovery is calculated by 
adding the number of hopeful responses to statements L5-9 and 12 the majority 
of respondents in each group held.  For example, the majority of individuals 
under 60 years old indicated a hopeful response to L5-9 and 12 (six statements), 
therefore this group scored a 6 on the MHI.   
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Definition of reef restoration 

 One vital question for any ecosystem “restoration” effort is the definition of 

success.  What should be the goal of the effort, and what will the system look like 

on completion?  Therefore, to assess the definition of a successful stony coral 

restoration project, these experts were asked: 

 What is your definition of a “successful” stony coral restoration project? 

 All interviewees answered the question.  The majority of responses (20) 

suggested a self-sustaining reef, meaning one that successfully reproduced once 

transplanted, was the key marker of success (Figure 22).  This concept was 

closely followed by 16 responses indicating that resilience, or transplants that 

survived over an extended period, was a key characteristic.  These two 

categories dominated the responses.  Figure 22 shows the range of definitions. 

 

Definition of a healthy Florida Keys reef 

As a direct corollary to their understanding of a successful restoration 

project, the experts were asked: 

 How would you define a “healthy” Florida Keys reef? 

Again everyone provided an answer.  Each definition could include unlimited 

descriptors, which are depicted in a word cloud (Figure 23).  The majority of 

responses (34) favored high coral abundance as the key metric in determining a 
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healthy reef (Figures 24).  Ecosystem resilience was a distant second with 14 

responses, followed closely by high fish diversity and ecosystem function. 

Respondents were not asked to quantify responses to this question.  For 

example, the primary response of “high coral abundance” was not quantified and, 

respondents were not asked to define “high abundance” or other terms and 

phrases.  Notwithstanding this uncertainty, the experts did earlier provide a 

baseline for coral cover (33%) at the baseline year (44 YBP). 

 

Primary cause of reef decline 

 Presumably in order to conduct a successful restoration program, the 

essential cause(s) of reef degradation need to be known.  Therefore, the 

following query was posed: 

What do you consider to be the single greatest threat to coral reefs? 

The plurality of respondents (25) considered climate change/global warming as 

the primary cause of coral decline (Figure 25).  A distant second was water 

quality with six responses.  This question addresses a fundamental argument in 

the scientific literature as to causes of coral reef degradation (Bruno and Valdivia, 

2016).  The results presented here strongly suggest that there is significant 

consensus that changing climate, and especially increased sea surface 

temperature, is a major causal factor.  



  

 

9
0 

  
Figure 22.  Number of responses indicating experts’ definition of a successful stony coral recovery project.
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Figure 23.  Graphic illustrating expert’s perceptions of a healthy Florida Keys reef.  Size 
of phrases correspond to number of times mentioned by respondents.
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Figure 24.  Number of responses according to expert’s definition of a healthy coral reef. 
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Respondents were not asked to quantify responses to this question.  For 

example, the primary response of “high coral abundance” was not quantified and, 

respondents were not asked to define “high abundance” or other terms and 

phrases.  Notwithstanding this uncertainty, the experts did earlier provide a 

baseline for coral cover (33%) at the baseline year (44 YBP). 
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Figure 25.  Number of responses indicating expert’s perceived primary cause of reef 
decline. 
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DISCUSSION 

 The majority of those surveyed believed that MPAs helped increase reef 

fish size and distribution both inside (87%) and outside (82%) their boundaries. 

However, the majority did not believe that stony coral cover increased within 

(69%) or outside (76%) of MPAs.  These dichotomous results suggest that H03 

(MPAs have no effect) was overly broad and does not capture the potential value 

of MPAs.  Reef fish are vital to reef health (Knowlton, 2008), and, based on 

several responses, the interviewees clearly appreciated this value.  Conversely, 

MPAs were not seen as extremely valuable by themselves in aiding coral 

recovery. This understanding is consistent with their belief that climate change 

and increased sea surface temperature are primary drivers in stony coral decline, 

and developing protected areas would not mitigate these. 

Neither age, experience, nor employment type affected respondent 

expectations regarding MPA value (H04).  However, government employees were 

less likely to believe that MPAs had a beneficial effect on reducing reef decline.  

Although this tendency was not statistically significant, it may be worth exploring 

further since, presumably, government experts may have an especially important 

role in developing policies for reef protection.  One of the respondents speculated 

during the interview that government employees were more likely to promote 
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their regulations, perhaps as a way to ensure employment, though data did not 

support this. 

 This study has established experts’ consensus understanding of baselines 

for percent coral cover and years before present when coral reefs of the Keys 

should be considered not degraded. The study also shows that the majority of 

experts value the establishment of those baselines for stony corals and for other 

reef species (goliath grouper, Nassau grouper, spiny lobster, and queen conch).  

One a priori concern was that reef experts might not consider discussion of such 

baselines to be important.  However, the results demonstrate that experts 

strongly support the idea of establishing baselines both for the overall reef 

system and specific inhabiting species (thus rejecting H07 – experts do not value 

baselines). 

 Experts reported relative doom regarding the reef, irrespective of human 

intervention.  Nearly a third (30%) of all experts expected climate change to 

cause complete stony coral extinction in the Florida Keys in the next 100 years.  

Nearly a quarter (24%) expect climate change to negate any positive impacts of 

coral transplanting, and 81% expect corals to continue to decline over the next 

100 years.  The logical follow-up question for this was if there was anything 

humans can do to stop this decline.  The answer according to almost half (49%) 

of respondents was “no”.  What are the management and federal and state 

budget agency implications if scientists say there is nothing to be done?  In fact, 
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61% of government scientists indicate that management could not increase coral 

cover. 

Regarding the issue of hope, government experts were least hopeful 

among the groups tested, followed by older and more experienced experts.  

Being a younger scientist had the most influence on hope.  Perhaps there is an 

important replenishing of academic optimism between generations that is 

necessary to work amidst a disastrous situation regarding one’s chosen 

ecosystem of study. 

In defining a successful restoration project, respondents said that self-

sustainability was the most important factor.  There is very little evidence of a 

self-sustaining reef restoration project in the Florida Keys.  Given the high costs 

and relatively low success rates of coral restoration, what is the long-term 

feasibility for the transplanting practice (Bayraktarov et al., 2016)?  Experts 

interviewed here identified the key metrics by which to evaluate restoration 

projects, many of which are in early stages of development. 

 Respondents define a healthy reef primarily by high coral abundance as 

well as by ecosystem resilience, evidence of which is scarce in the Florida Keys 

due to persistent decline (Dustan, 1977; Dustan, 1987; Porter and Meier, 1992; 

Porter et al., 1999; Gardner et al., 2003; Richardson and Voss, 2005; Palandro et 

al., 2008; Pandolfi et al., 2008; Somerfield et al., 2008; Miller et al., 2009; Colella 

et al., 2012).  The definition of “health” regarding the Florida Keys reef has been 
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a logical and persistent question over the decades.  Determining health helps 

experts establish baselines as well as metrics for determining restoration 

success.  A potential value of this study is that it has provided definitions of reef 

health based on majority consensus of many of the top experts in the field, as 

this may have a significant impact on reef policy moving forward. 
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CHAPTER SIX:  BUILDING ON THE ECOLOGICAL HISTORY OF THE 

FLORIDA KEYS REEF ECOSYSTEM 

 

INTRODUCTION 

 

 Historical ecology is a mesh of various fields recognizing the 

interconnection between humankind and ecosystems (Balée, 1998).  Biologists 

have felt torn between having to choose between being defined as a social or 

biological scientist based on the methods used to answer particular questions 

(Crumley, 2007).  As Bernard (2002) proposed, there are no anthropological or 

social methods; they belong to all of us.  Discovering composition of the phantom 

reef may be key in our framing of reef management policy.  Understanding this 

may provide a measuring stick of success of our current efforts, and also inform 

how far the ecosystem seen now is detached from what recently existed.  

Historical ecology relies on evidence from the biological, physical, and social 

sciences (Crumley, 1997) to reveal past species assemblages.  

To date, there are limited data sets on species’ assemblages of the 

Florida Keys reef ecosystem prior to the late 1970s (Dustan, 1977; Dustan and 

Halas, 1987; Vaughan, 1914; Voss, 1960; Voss, 1973), though humans, dating 



  

100 
    

back to Native American fishermen, have been impacting the reef for many years 

prior (Oppel and Meisel, 1871).  In more recent history, along with the 

advancement of technology and the proliferation of scientific interest in the 

region, there is marked improvement in both quantity and quality of data (Porter 

and Meier, 1992; Bohnsack, 1999; Ruzicka, 2008).  Given this lack of historical 

data, this study used accounts of reef experts to add to the ecological history of 

Florida’s coral reefs (Shackeroff, 2011).  Lack of historical data presents a 

challenge for scientists in being able to accurately describe changes in species 

populations over time as well as establish suitable goals toward restoration 

efforts.  Therefore, scientists must explore diverse data sets to provide a clearer 

picture of how reef communities have changed over time.   

An objective of this study was to survey current Florida Keys reef experts 

on their observed changes in reef communities, as people have the ability to 

detect changes in marine environments over time (Aswani, 2013).  This will 

provide an additional data set to add to the story of the Florida Keys.  Scientists 

were interviewed and asked to describe changes in habitat condition and species 

size over time.  

 These descriptions were accumulated and annotated into meaningful 

data. Such records, as with other historical events, can be priceless and fleeting.  

Eventually, these witnesses will cease to be with us to provide such accounts.   

 The scientific community recognizes the value of such data, yet there are 

few rigorous approaches to pursue such information.  For example, the United 
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Nations University recently published a manuscript entitled "Reef Reminiscences:  

Ratcheting Back The Shifting Baselines Concerning What Reefs Used To Be" 

(Sale and Szmant, 2012).  This offered useful anecdotal accounts of 13 senior 

reef scientist’s observations of how reefs around the world have changed over 

time. To assess respondents’ perceptions of temporal changes in reef species’ 

abundance, the following hypothesis was tested: 

 

H09: Based on respondent testimony, reef species abundances have 

remained the same over time. 

 

METHODS 

Respondents were asked a series of open-ended questions pertaining to 

reef species abundance.  In the assessment of this data, comments made about 

abundance of individual species were counted only once.  For example, even if a 

respondent stated two or more times that Acropora palmata was declining, this 

was counted once in the study.  Respondents sometimes referred to species 

groups (ex: angelfish), whereas in other cases they referred to specific species.  

To tally all species data, comments referring to species groups were combined 

with comments on specific species.  When mention was made of a specific 

location in reference to species abundance, this was also recorded and coded.  If 

respondents indicated species abundance had increased at a particular location, 
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the site was recorded next to the species name and coded as 1+.  If two 

respondents indicated a particular species had increased at a particular site, this 

was noted next to the species as 2+, and so on.  The trends in abundance were 

coded as D (decreasing), S (staying the same), and I (increasing).   

 

RESULTS AND ANALYSIS 

Tallied scores for species abundance are shown in Tables 10 and 11.  

The data presentation approach follows that of Lavides et al. (2010). 

 Of the 152 unique incidents in which fish were mentioned in terms of 

abundance, they were described as decreasing 89 times.  This does not support 

the null hypothesis that fish abundance has remained unchanged.  Overall fish 

abundance is perceived to have decreased in the Florida Keys.  

Sixty-eight species-specific references were included in the total of 152 

fish abundance comments (the remainder were assemblages).  Thirty-seven fish 

species were mentioned (Table 11).  Of the 37 species mentioned, 11 are either 

near threatened or threatened according to the International Union for 

Conservation of Nature (IUCN) Red List.  Lionfish (Pterois volitans) were unique 

in that this introduced species was the most often (mentioned 6 times) seen as 

increasing in abundance. 
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On both assemblage and species bases the majority of reef fish species 

cited were perceived to have decreased in abundance.  Nearly all species 

mentioned were perceived to either be increasing or decreasing.  Only the dusky 

damsel was mentioned as remaining at the same abundance. 

 

Results from the interviews: Fish 

Although there was variation in responses regarding the abundance of 

fish, most comments have indicated a decrease in abundance of fish.  The below 

comments summarize dominant perceptions, although they also illustrate 

contrary and seemingly unique perceptions (Demaria, 1996).   

 “Fish communities fewer, smaller and more skittish.” 

“Fish have done better because of MPAs.” 
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Perceived fish abundance 

 

Table 10.  Perceived changes in fish abundance (by fish group). 

Fish Group 

 

Abundance 

 

Reef sites 

  D S I   

Angelfish 2 

   Barracuda 2 

   Butterfly fish 3 

   Damselfish 2 1 3 

 Moray eels 1 1 

  Filefish 

  

1 

 

Grouper 13 

 

5 

Tennessee Reef 1+; 

Looe Key 1+; The 

Elbow 1+; Alligator 

Reef1+  

Grunts 3 

 

1 

 Herbivorous 

fish 

  

2 

Conch reef 1+; 

Grecian rocks 1+ 

Hogfish 3 

 

1 

Maine Key 1-; Elliot 

Key 1- 

Invasive fish 

  

6 

 Jacks 4 

 

1 

 Mullet 2 

   Parrotfish 3 1 3 

 Pipefish 3 

 

1 

 Planktivorous 

fish 

  

1 

 Porgies 1 

   Predatory fish 3 

   Rays 1 
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Reef fish 10 2 4 

Sombrero Reef 1-; 

Carysfort Reef 1-; 

Wester Sambo 1-; 

Conch Reef 2-; Dry 

Tortugas 1+; 

Tennessee Reef 3-; 

Looe Key 1- 

Sea trout 1 

  

Florida Bay -  

Sharks 15 7 13 

Looe Key 2-; 

Molasses Reef 1-, 

1+; Elliot Key 1-; 

Grecian Rocks 1+; 

Coast Guard Cutter 

1+ 

Snapper 15 

 

7 

Western Dry Rocks 

1- 

Sweepers 1 

   Tangs 2 

 

1 

 Triggerfish 

  

1 
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Table 11.  Perceived changes in fish abundance (by fish species) 

Common name Scientific name IUCN status   Abundance   

   

D S I 

Rainbow parrotfish Scarus guacamaia 

Near 

Threatened 1 

  Midnight parrotfish Scarus coelestinus 

 

1 

 

1 

Nurse shark 

Ginglymostoma 

cirratum 

 

3 

 

1 

Black tip reef shark 

Carcharhinus 

limbatus 

Near 

Threatened 1 

  

Ocean triggerfish 

Canthidermis 

sufflamen 

   

1 

Scrawled filefish Aluterus scriptus 

   

1 

Hogfish 

Lachnolaimus 

maximus Threatened 3 

 

1 

Grey snapper Lutjanus griseus 

Near 

Threatened 5 

 

1 

Black grouper Mycteroperca bonaci 

 

1 

 

3 

Yellowtail snapper Ocyurus chrysurus 

   

2 

Red snapper 

Lutjanus 

campechanus Threatened 

  

1 

Mutton snapper Lutjanus analis 

Near 

Threatened 4 

 

1 

Reef butterflyfish 

Chaetodon 

sedentarius 

 

1 

  Lionfish Pterois volitans Invasive 

  

6 

French grunt 

Haemulon 

flavolineatum 

 

1 

  

Red grouper Epinephelus morio 

Near 

Threatened 3 

  Blue runner Caranx crysos 

 

1 

  Bar jack Caranx ruber  

 

1 
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Craval jack Caranx hippos 

 

1 

  Greater Amberjack Seriola dumerili 

 

1 

  

Glasseye snapper 

Heteropriacanthus 

cruentatus 

 

1 

  Jolthead porgy Calamus bajonado 

 

1 

  

Tiger sharks Galeocerdo cuvier 

Near 

Threatened 1 

 

1 

Bonnethead shark Sphyrna tiburo 

 

1 

  

Copper Sweeper 

Pempheris 

schomburgkii 

 

1 

  Dusky damsel Stegastes adustus 

  

          1 

 Caribbean reef shark Carcharhinus perezii 

   

2 

Rock beauty Holacanthus tricolor 

 

1 

  

Yellowtail damselfish 

Microspathodon 

chrysurus 

 

1 

  Spotted sea trout Cynoscion nebulosus 

 

1 

  

Great barracuda 

Sphyraena 

barracuda 

 

2 

  Blue parrotfish Scarus coeruleus 

   

1 

Bull shark Carcharhinus leucas 

Near 

Threatened 

  

2 

White sharks 

Carcharodon 

carcharias Threatened 

  

2 

Sandbar shark 

Carcharhinus 

plumbeus Threatened 

  

1 

Gag grouper 

Mycteroperca 

microlepis 

    

Blue tang 

Acanthurus 

coeruleus 

   

1 
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Angelfish  

Angelfish were mentioned twice as decreasing in abundance.  One comment 

was: 

“Rock beauties used to be very abundant.” 

Butterfly fish 

Butterfly fish were mentioned 3 times in the study in terms of abundance, each of 

which as decreasing.  One comment was: 

“When I started spraying pesticides, butterfly fish were killed.” 

Damselfish 

Damselfish were mentioned 5 times in terms of abundance, twice as decreasing 

in abundance, once as staying the same, and three times as increasing.  Two 

comments made include: 

“Threespot damsels are not seen on the reef.” 
 
“Yellowtail damsels spawned on fire coral toward the tops of the reef and 

you would see males protecting the eggs.  There you could break off the 

top of the coral to collect their eggs.” 

Barracuda 

Barracuda were mentioned twice in the study as decreasing.  One comment 

made was: 
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“I used to see large barracuda.  Now people say “hey, there’s a big 

barracuda” at only four feet.” 

Grouper (not including Nassau and Goliath) 

This section includes mention of grouper outside of the “targeted” mentions, as 

goliath and Nassau grouper were explicitly studied in another aspect of the 

survey.  Grouper were mentioned 18 times regarding abundance, 13 times as 

increasing and five times as decreasing.  Comments include: 

“All grouper, including black and red grouper, have decreased.” 

“Red grouper were very common.” 

“In the 1960s, we would get juvenile red grouper around pilings of bridges.  

You could find holes in hard bottom and in each hole you would find red 

grouper along with sponges, red tropical fish, and stone crab that red 

grouper maintained.  Without red grouper the whole bottom changed.” 

Grunts 

Grunts were mentioned four times, three times as decreasing, and once as 

increasing: 

“With the loss of branching coral, grunts and species that hide in shelter in 

branching coral, only see a few.” 

Hogfish 
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Hogfish were mentioned four times, three times as decreasing and once as 

increasing.  Comments include: 

“There is an increase in hogfish in protected areas.” 

“The decrease in Diadema sp. may have caused a decrease in hogfish.  

They had black spots around their heads from the spines of Diadema.” 

“Hogfish were in schools of 15‒20 in the 50s and 60s on patch reefs and 

turtle grass next to the reef.  There are very few now.” 

“The largest and most abundant are in the Lower Keys, and the smaller 

are in the Upper Keys.” 

Jacks 

Jacks were mentioned five times regarding abundance, four times as decreasing 

in abundance, and once as increasing.  Comments include: 

“I used to see large schools of jacks.” 

 “Jacks used to be common.” 

“Snapper, grouper, jack–fishery management working, population steady 

or growing.” 

Parrotfish 
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Parrotfish were mentioned seven times regarding abundance, three times as 

decreasing, once as staying the same and three times as increasing.  Comments 

include: 

“You used to see bigger parrots, midnight and blue.  For a long time, you 

didn’t see many, now seeing more again.” 

Sharks 

Sharks were mentioned 35 times regarding abundance, 15 times as decreasing, 

seven times as staying the same, and 13 times as increasing.  They were among 

the most variable groups regarding perceived increases or decreases.  Since 

they are rarely seen, respondents did not provide a prevailing clear view of an 

abundance trend.  There were also several species mentioned, as some species 

are perceived to fare better than others.   The comments provide some context 

for the discrepancy: 

 “Saw more sharks early on.” 

“Haven’t seen tiger sharks since the early 60s at Elliot Key.” 

“Used to see hammerhead sharks at Molasses.” 

“There has always been a small population of nurse sharks.  Sharks were 

never abundant.  In places like Australia, sharks are common.” 

“I have seen 4 sharks in 7 years (2 hammerheads).” 
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“I have seen sharks decrease then increase.” 

“I witnessed a handful of shark sightings out of hundreds of hours of 

diving, hovering at 1% of dives.” 

“In general, sharks are much more prevalent.” 

“There is a big increase in Caribbean reef sharks.” 

Snapper 

Snapper was mentioned 22 times, 15 times as decreasing, and seven times as 

increasing: 

“Snapper used to hang out in Acropora spp. habitat.  They seem to have 

decreased.” 

“There is an increase in yellowtail in protected areas.” 

 “Large schools disappeared.” 

Spotted sea trout 

The spotted sea trout was mentioned once as decreasing in abundance: 

“In the Florida Bay, there is a decrease in spotted sea trout juveniles.”

 

Perceived invertebrate abundance  

Of the 167 mentions of invertebrates regarding abundance, they were 

mentioned as decreasing 113 times (stony corals were responsible for 106 of 



  

113 
    

113 mentions of invertebrate decline) (Table 12).  The majority of the 

invertebrates discussed involved stony corals.  Of the non-stony coral 

invertebrate groups mentioned, they were mentioned as increasing 45 of the total 

68 times mentioned (Table 13).  Individual coral species are represented on table 

14.  However, this does not suggest the reef is fairing better, as the majority of 

those noted to increase were from octocorals and zoanthids, both seen as 

opportunistic species by respondents. One respondent stated: 

 “There has been a shift from stony corals to soft corals.” 
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Table 12. Perceived changes in coral abundance  

Invertebrate Group 
 

Abundance 
 

Location notes 

  D S I   

Stony corals 106 
 

5 

Sombrero Reef 2-; 

Sambo 1-; 

Carysfort 2-; 

Western Sambo 1-

; Bird Key 2-; Key 

West 1-; Coffins 

Patch 2- 

Horseshoe Reef 

2-; Pickles Reef 2-

; Conch Reef 1-; 

Tortugas 3-; 

Tennessee Reef 

1-; Looe Key 10-; 

Molasses Reef 3-; 

Hard bottom 1+; 

Back country 1-; 

Dry Rocks 2-; 

Fore reef 1-; Turtle 

Rocks 1-; Hens 

and Chickens 1-; 

Calusa Rocks 1-; 

Lower Matecumbe 

1-; Sand Key 1-; 

French Reef 1- 
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Table 13. Perceived changes in invertebrate abundance (by invertebrate group). 
  D S I   

Anemones 5 

  

Lower Keys 1-; Upper 

Keys 2- 

Crinoids 2 

   Fire Corals 3 

 

1 Looe Key 1- 

Gastropods 4 

 

5 

 Invasives 

  

1 

 Jellyfish 

  

1 

 Mollusks 

  

1 

 

Octocorals 2 2 18 

Sambo 1+; Carysfort 

Reef 1+; Looe Key 1+ 

Crustaceans 1 

 

1 

 Sponges 4 

 

7 

 

     Zoanthids 

  

10 
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Table 14. Perceived changes in coral abundance (by species). 

Common 

name Scientific name IUCN status   Abundance   

      D S I 

Pillar coral Dendrogyra cylindrus Threatened 4 

  

Staghorn coral Acropora cervicornis 

Threatened 

(Critically 

Endangered) 5 

 

1 

Elkhorn coral Acropora palmata 

Threatened 

(Critically 

Endangered) 11 

  Boulder star 

coral Orbicella annularis 

Threatened 

(Endangered) 20 

  Moon jellyfish Aurelia aurita 

   

1 

Massive 

Starlet Coral Siderastrea siderea 

   

1 

Ball anemone Condylactis gigantea 

 

4 

  Crown conch Melongena corona 

   

1 

Robust ivory 

tree coral Oculina robusta 

 

1 

  Blade Fire 

Coral Millepora complanata 

 

1 

  Rough star 

coral Isophyllastrea rigida 

 

1 

  Maze coral Meandrina meandrites 

 

1 

  Mustard hill 

coral Porites astreoides 

   

1 

Finger coral Porites porites       1 
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A broad cross-section of data on coral decline was recorded along with 

reef sites of observed decline.  As illustrated in Table 12, respondents 

overwhelmingly considered stony corals in decline. Four invertebrate species 

were named that were on the IUCN Red List.  All of these species are stony 

corals. 

 

Results from the interviews: Invertebrates 

Although there was variation in responses regarding the abundance of 

invertebrates, most comments have indicated a decrease in abundance of 

invertebrates.  The below comments demonstrate dominant perceptions: 

Anemones 

Anemones were mentioned four times as decreasing.  Comments included: 

“I used to collect anemones, but they have virtually disappeared in the 

Lower Keys.” 

“Condylactis sp. decreased due to the aquarium trade.” 

“Flower anemone disappeared in the Upper Keys in 2001.” 

“Anemones were a common target for aquaria.  Also, there is a lack of 

habitat (coral).  They are not as common, particularly species gigantea.” 
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Fire coral 

Fire coral was mentioned four times, three times as decreasing and once as 

increasing.  Comments include: 

“Blade fire coral is down to 2% of what it used to be.” 

 “Fire coral died in ’98.” 

Gastropods 

Gastropods were mentioned nine times, four times as decreasing and five times 

as increasing.  There was mention of invasive sea slugs increasing in 

abundance: 

“There was an outbreak of specialist slugs.  Several thousand can be 

seen on one gorgo, they strip them down to the bone in the mid-90s” 

“Sea slugs, never see those anymore.” 

Slipper lobster 

Slipper lobster were mentioned once as decreasing: 

“Seen slipper lobster in my early diving years.  Haven’t seen in a long time.” 

Sponges 
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Sponges are another invertebrate group respondents noted on the rebound.  

They were mentioned 11 times total, four times as decreasing, seven times as 

increasing: 

“Sponges went down in the late 80s.” 

“In deep reefs, branch and rope sponges are increasing.” 

Stony corals 

Of the 111 unique mentions of coral abundance, 106 mentions were of coral 

decline.  Some of those comments were as follows: 

“Elkhorn fields are extinct.”  

“I saw Acropora sp.-dominant reefs turn to rubble.” 

“Branching corals are literally rare.” 

“Palmata and cervicornis are rare.” 

“There was massive Acropora sp. die off at Looe Key.” 

“Acropora sp. was abundant at Horseshoe Reef and Turtle Rock.” 

“Looe Key, Molasses and French Reef were Acropora sp. reefs.” 

“There is more cervicornis from restoration.” 

“White Shoal was dominated by cervicornis in 1999, but gone by 2002.” 

“The 2010 cold snap wiped out resilient corals.” 
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“At 10 m, the offshore forereef habitat had a substantial abundance of 

Orbicella sp., now all have gone.  There was a wholesale loss of old 

massive Orbicella sp.” 

“Mountain star coral has seen an enormous decrease, really affected on 

the bank reef.” 

“In 2001, Montastraea sp. were in the process of dying, now just gone off 

of Lower Matecumbe and Hens and Chickens.” 

“Adult corals are dying but not being replaced by juveniles.  Monitoring 

has been ongoing for 18 years, but why aren’t young corals replacing 

older corals?” 

“Porites sp. and Siderastrea are not more abundant, but are more 

dominant.” 

“I remember when Looe Key was at 25% cover, now at 5%.” 

“Tortugas was 30‒40%, now 5%.” 

“Less common corals have become uncommon and some are truly rare.” 

“There used to be fields of Oculina sp. balls, virtually disappeared in 1998, 

down again in 2010.” 

“Staghorn coral patches went from visually attractive to gone.” 
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“Cactus coral living on vertical walls impacted as much as Acropora sp.  

They are extremely rare, some non-existent.” 

“Regional extinction of Isophyllastrea rigida.”

 

Targeted species (Queen conch, spiny lobster, goliath grouper, Nassau 

grouper) 

Four species were specifically targeted throughout the study regarding 

baselines and observed changes over time.  Most respondents suggested queen 

conch, spiny lobster, and Nassau grouper have decreased over time (Table 15).  

The vast majority of respondents perceived increases in goliath grouper 

abundance as a response to protection.  Nassau grouper was not perceived to 

have responded well to protection. 

 

Information from the interviews: Targeted species 

The following species were treated as a separate cohort because 

respondents were specifically asked about these species.  Their numbers were 

not incorporated with data tallied for other groups mentioned in the study.  

Because data from these four species was specifically targeted, incorporation in 

the larger data set would misrepresent respondents’ sentiments. 
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Table 15. Perceived changes in targeted species abundance (Strombus gigas, Panulirus 
argus, Epinephelus itajara and Epinephelus striatus). 

Common 

name Scientific name IUCN status   Abundance   

      D S I 

Queen 

conch 

Strombus 

gigas 

 

15 1 10 

Spiny 

lobster 

Panulirus 

argus 

 

9 2 2 

Goliath 

grouper 

Epinephelus 

itajara 

Threatened 

(Critically 

endangered) 3 2 18 

Nassau 

grouper 

Epinephelus 

striatus 

Threatened 

(Endangered) 15 3 3 
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Queen conch 

Queen conchs were mentioned 26 times regarding abundance, 15 of which were 

mentions of decreasing abundance.  Responses to increase or decrease may be 

based on respondent experience, as younger scientists would have never 

witnessed high relative abundance of queen conch.  The below comments 

provide context to the numbers: 

“There were more in the 80’s, and were then depleted, and now slowly 

returning since protection in 1981.” 

“Could catch queen conch right off the dock, now are coming back in 

some places, though not in schools.  In the 60’s, I could fill garbage cans 

with queen conch, no problem.” 

“I see more now than in the 70’s.” 

“There was never many there.” 

“Queen conch was common, especially toward seagrass beds.  More 

abundant than in the mid-70s.” 

“Starting to see them for the first time, were completely gone in the 90s.” 

“Down somewhat, but was not common in the 70s (such as in Bahamas).  

Were never superabundant.” 
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“Were everywhere, now in a few areas.” 

Spiny lobster 

Spiny lobster was mentioned nine of 13 times as decreasing.  Respondents also 

commented on their size as decreasing over time: 

“Now not as large, 18 inches was not unusual in Tortugas, now very rare 

to see very large lobster.” 

“One-hundred percent are caught every season.” 

“Need to be protected throughout the Caribbean.” 

 “Spiny lobster a mere 100 mm (carapace) in protected areas.” 

  “They fluctuate annually.”  

“Where they are protected, they are very abundant.” 

“Population goes up and down, good and bad years.” 

“I have seen a decrease in carapace length throughout my career.” 

“They are smaller, but still legal size.” 

“Spiny lobster used to be more abundant and would excavate holes, but 

now there is less habitat for other species.” 
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Goliath grouper 

Goliath grouper were mentioned 23 times, 18 of which were mentioned as 

increasing.  Respondents perceive the moratorium as having a positive impact 

on goliath grouper size and abundance: 

“In the 70s and 90s, there were more and they are larger, now there is a 

steady increase in size and abundance.” 

“The prohibition should stay in place.” 

“I see lots of juveniles in mangroves.  When diving, I often see them under 

rocks.  When I go back there, they are still there.” 

“I see more now, 20 years ago I never saw them.” 

“Goliath grouper have recovered.” 

“I have definitely seen dramatic improvement, I never saw goliath grouper 

in the 80s and 90s.” 

“In the 70s I saw a few, they then disappeared, and then returned, then 

declined in 2010.” 

“They crashed in 1990, now increasing, responding to protection.” 

“They have decreased and rebounded.” 

“There is a lack of large goliath grouper, except in protected areas.” 
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Nassau grouper 

Nassau grouper were generally perceived as decreasing in size and abundance, 

as 15 of 21 mentions were that Nassau grouper had declined in abundance.  The 

moratorium is not seen to be as successful for Nassau as it has been with goliath 

grouper: 

 “Back in my spear days, half of the grouper I speared were Nassau (1953-

1957).  On average, they were 5‒6 pounds.” 

 “Never remembered seeing Nassau, no change noticed.” 

 “They have disappeared.” 

 “They have disappeared.” 

 “In MPA’s, small ones are much more common.” 

 “Never seen many of them.” 

 “They are very rare.” 

“They were very abundant in the 70s, and virtually disappeared. No good 

signs of recovery.” 

 “I rarely see them.” 

 “There is no change; they were already rare.” 

 “There is a small increase in Nassau.” 
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 “They weren’t common in the 70s, but they were there.” 

 “They are smaller, are coming back.  There is an increase numbers.  The 

moratorium may be working.” 

“There was no Nassau grouper on conch reef until very recently.” 

“I haven’t noticed a change in size, but they are less common.” 

“I have seen very few throughout my career.” 

“They have decreased slightly, and have not recovered.” 

“They disappeared during my time.” 

 

Seagrass, algae, and mangroves 

Regarding seagrass, respondents commented on its abundance 19 times, nine 

of which were for decreasing abundance, and eight of which were for increasing 

(Table 16).  The context of these numbers may be that over a longer timescale, 

seagrasses have declined, however, they may have rebounded at some sites 

recently.  Perhaps also to consider is that the respondents were mostly 

concerned with issues related to the reef itself, not seagrass beds or mangroves. 

Therefore little data was gathered on these ecosystems.  Respondents did six 

times say that macroalgae had decreased over time.” 
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Reef condition 

Respondents also commented generally on reef condition.  Respondents noted 

that tourism, coral disease and bleaching had all increased.  One respondent 

commented:   

“Bleaching is now a normal phenomenon.  Patch reefs and deep reefs 

have all gotten worse.” 

Regarding increased tourists, a respondent stated: 

“There is more use of the reef.  There is an increase in 

environmental awareness, but still many who don’t care.  Tourism 

is now year round.” 

Several respondents also commented on reef tourists, disease, and bleaching 

(Table 17).  Responses were tallied, each of which was noted to be increasing.   

 

DISCUSSION 

 

 Fish were perceived to be decreasing with exceptions being the invasive 

lionfish, sharks, and the goliath grouper.  There was less of a pattern of decline 

for invertebrates, as respondents noted strong increases in opportunistic 

gorgonian and zoanthid populations on the reef.  Stony corals, however, were 

overwhelmingly seen to have declined, with 106 out of 111 comments about 
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coral populations referencing decline.  Loss of hard corals likely open habitat for 

soft corals, sponges and other invertebrates. 

Interestingly, sharks were largely seen as a rare group of organisms on 

the reef although respondents did note a recent increase in sightings. 

Throughout the study, experts seemed unsure of sharks regarding whether their 

abundance was naturally low in the Keys or if this was a human construct.  Were 

large sharks such as tiger sharks more prevalent in the keys historically?  These 

questions remain. There were increases noted for the bull, white, Caribbean reef, 

and sandbar sharks, though overall decreases were observed for bonnethead, 

blacktip reef, and nurse sharks.   

 Regarding the four specific species targeted (queen conch, spiny lobster, 

goliath grouper and Nassau grouper), there was a pattern of decline noted for 

each of these except goliath grouper.  Many respondents noted goliath grouper’s 

rebound in population, as several respondents attributed their rebound to the 

moratorium on harvesting goliath grouper.  Overall, queen conch was perceived 

to have decreased over time.  Spiny lobster was also seen as declining in 

abundance as well as size.  Lastly, respondents did not suggest much success 

from the Nassau grouper moratorium, with several respondents using the term 

“disappeared” to describe their change in abundance over time:   

 Overall, species abundance was perceived to have decreased, and the 

negative aspects of reef decline were perceived to have increased over time (ex: 
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disease, bleaching, invasive and opportunistic species). These results do not 

support the hypothesis the species abundance remained the same over time. 

 The significance of this research is that it is a written record about the reef 

from a unique and experienced group: coral reef experts.  Perhaps anecdotes 

recorded here will provide historical insight, as current and future experts look to 

establish what reef species assemblages would benefit from establishing 

baselines for future comparison and developing conservation policies.  This study 

provided science experts the opportunity to state what they observed and or 

perceived.  These, after all, may be the last generations of experts that witnessed 

an Acropora sp.-dominated reef first hand in the Florida Keys, at least for some 

time to come.  They have lived through a time of rapid changes in this coral reef 

ecosystem.
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Table 16. Perceived changes in species abundance of primary producers 

Invertebrate 
Group 

  Abundance   

                       D S I 

Seagrass 9 2 8 

Macroalgae 1   6 

Mangroves     1 
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Table 17. Perceived changes habit condition 

  

Abundance 

 

 

D S I 

Tourism 

  

1 

Coal disease 

  

10 

Coral bleaching 

  

13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

133 
    

 

 

 

CHAPTER SEVEN: CONCLUSION 

 

Results of this study do not support the shifting baselines syndrome’s 

potential impact on coral reef experts.  Although 70% of interviewees under the 

age of 40 never witnessed an Acropora sp. dominated reef compared to 96% 

over the age of 60 who have, even this dramatic difference in experience did not 

instigate a shifted baseline for the younger cohort.  Strong consensus baselines 

for coral cover on the reef and time before present when the relatively 

undisturbed reef system existed were expressed by the surveyed population.  

Independent of age, experience or affiliation, respondents agreed that the 

baseline for the Keys bank reef is approximately 33% coral cover and 44 YBP.   

The large majority of reef experts value the establishment of baselines, 

and their baseline judgments were based on the availability of [quantitative] data.  

Neither historical ecology nor paleontological data informed the baselines.     

MPAs were seen, irrespective of age, experience and expert type, to be 

effective for fish proliferation but not for corals.  The expert cohort acknowledged 

that MPAs alone would not solve the problem of reef decline.   
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The majority of respondents (76%) did not believe climate change would 

negate coral transplanting activities, yet only 53% of respondents thought coral 

transplanting was having a positive impact on stony coral recovery.    

Reef expert type was found to have little influence on reef expert 

expectations although government experts were more likely to suggest humans 

cannot influence stony coral recovery through management.  The majority of 

government experts (61%) suggested humans could not influence stony coral 

recovery, while only 40% of non-government experts believed that.   

Also, this study established that experts value reef species baselines, 

which further enhances the significance of the perceived baselines revealed in 

this work.   

“Reef expert type” was found to have little influence on reef expert 

expectations, although government experts were more likely to suggest humans 

cannot influence stony coral recovery through management.  The majority of 

government experts (61%) suggested humans could not influence stony coral 

recovery, while only 40% of non-government believed that.  These experts value 

baselines for both the reef system as a whole and the biota inhabiting it.  This 

valuation implies a high level of importance for the expressed quantitative 

baselines for YBP and coral cover.  Reef experts were more hopeful than not 

regarding stony coral recovery in the Florida Keys, although being a government 

expert was associated with diminished hope for recovery.   



  

135 
    

Respondents reported a general decline in fish abundance on the reef 

except for invasive lionfish, some large shark species, and the protected goliath 

grouper.  Stony corals were reported in great decline along with queen conch, 

spiny lobster, and Nassau grouper.   
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APPENDIX 1:  SURVEY INSTRUMENT 

 

Questions are in concern of the Florida Keys coral reef ecosystem. 

 
 

Free Response 

1. How many years past (if any), would you use as the ecological baseline for 

percent cover for stony corals in the Florida Keys as a guide for setting 

restoration targets (on average throughout the keys, bank reef, buttress zone, 

10m depth)? 

a. Why do you choose this time frame? 

 

2. For the Florida Keys, what should be the baseline percent cover for stony 

coral (on average throughout the keys, bank reef, buttress zone, 10m depth)? 

a. Why do you choose this time frame? 

 

3. How would you define a “healthy” Florida Keys reef? 

 

4. Have you personally witnessed an Acropora dominated reef in the Florida 

Keys? 

a. When?  Where? – Potential follow up question. 

 

5. What was the average visibility at the start of your career (on average 

throughout the keys, bank reef, buttress zone, 10m depth)  

a. 0-50, 50 – 100, 100-150, 150 – 200, other. 

b. Now? 

c. What should baseline be? 



  

137 
    

 

 
 

Yes/No Questions 
1. Marine protected areas increase size/distribution of reef fish within protected 

areas. 
 

2. Marine protected areas increase size/distribution of reef fish outside of the 
protected areas. 

 

3. Marine protected areas lead to increased percent cover of stony corals within 
protected areas. 

 

4. Marine protected areas lead to increased percent cover of stony corals 
outside of protected areas. 

 
 

Likert 

 

Please rate the following on a scale from 1-6, (1) indicating you strongly 

disagree, and (6) indicating you strongly agree. 

Strongly Disagree----1----2----3----4----5----6----Strongly Agree 

 

1. Do you value universally accepted baselines for: 

a. stony coral percent cover? 

b. goliath grouper average adult length? 

c. Nassau grouper average adult length? 

d. spiny lobster average adult length? 

 
2. Climate change will cause complete stony coral extinction within the next 

century. 

 

3. Climate change will negate any benefits of coral transplanting activities. 
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4. Coral transplanting projects are having a significant positive impact on stony 

coral recovery. 

 
 

5. You expect stony coral percent cover will increase over the next 100 years in 

the Florida Keys. 

 

6. Through various management practices, humans are able to increase stony 

coral percent cover significantly. 

 
 

7. The decline in percent cover of stony coral throughout the Florida Keys is 

primarily due to anthropogenic factors. 

 

8. The decline in percent cover of stony coral throughout the Florida Keys is 

primarily due to natural factors. 

 
 

9. Stony coral communities worldwide will perish over the next 100 years. 
 

 

 

Free Response 

1. Describe observed changes in Florida Keys reef habitat condition throughout 

your career. 

 

2. Describe observed changes in abundance of any species throughout your 

career. 
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3. What is your definition of a “successful” stony coral restoration project? 

 

4. What do you consider to be the single most serious threat to coral reefs? 

 

5. What was the highest approximate stony coral percent cover you observed at 

the start of your career (not accounting for non-reef 

substrate)?  Where?  What site(s)? 

 
 

6. What reef sites have you most visited?  When did you first visit these sites?  

When have you last visited?  What changes have you observed at those 

particular sites?  (ex: percent stony coral cover). 

 

7. What should be the baseline average length for the following species: 

a. conch 
 

b. lobster 
 

c. goliath Grouper 
 

d. Nassau Grouper 
 

 
 

8.   Describe changes you observed over time regarding size and abundance of the 

following species:  

 

a. conch 
 

b. lobster 
 

c. goliath Grouper 
 

d. Nassau Grouper 
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10. What were some of the changes you observed to the following? 
a. hard corals 

 

 

b. sharks 
 

 

c. boney fish 
 

 

d. invertebrates 
 

 

e. sea grasses 
  

 

f. What is the primary cause for the recent worldwide coral bleaching 
event? 

 

Demographic/Professional Experience Data 
 
1. Age_____ 
2. Total Years working as reef expert____ 
3. Estimated # of dives____ 
4. Years of diving experience ______ 
5. Frequency you visit the reef ___ 
6. Category of employment (University, NGO, GOVT, PRIVATE)_____ 

 

 

 

 

 



  

141 
    

 

 

 

APPENDIX 2:  BASELINE TABLES 
 

Percent cover baselines 

 

Respondent Code 

Number Percent Cover  

49 4 

2 10 

13 10 

20 10 

24 10 

35 10 

36 10 

21 12.5 

48 12.5 

43 15 

7 17.5 

23 17.5 

25 20 

33 22.5 

5 25 

12 25 

18 25 

30 25 
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15 30 

29 30 

31 30 

41 30 

44 30 

52 30 

1 35 

40 35 

46 35 

17 36 

8 37.5 

14 37.5 

19 37.5 

37 37.5 

28 40 

38 40 

9 45 

22 45 

27 45 

32 45 

47 45 

42 47.5 

4 50 

6 50 

11 50 

34 50 
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53 50 

16 55 

26 60 

39 60 

51 65 

45 67.5 

3 No response 

10 No response 

50 No response 

54 No response 
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YBP Baselines 

 

Respondent Code 

Number 

YBP 

Baseline 

49 12 

24 15 

18 27 

52 27 

47 31 

31 33 

46 33 

1 35 

2 36 

3 37 

11 37 

15 37 

16 37 

20 37 

23 37 

30 37 

36 37 

43 37 

45 37 
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54 37 

12 38 

41 39 

13 40 

17 40 

26 40 

19 41 

39 41 

44 41 

4 42 

51 44 

53 45 

5 46 

25 46 

29 46 

48 46 

7 47 

32 47 

33 47 

42 47 

37 47.5 

14 50 

35 50 

40 50 

38 52 

27 55 
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6 56 

28 56 

10 57 

22 70 

8 114.5 

34 126 

21 6000 

9 na 

50 na 
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APPENDIX 3:  MPA CHI-SQUARE TESTS 

 

Chi squares tests 

The following chi-square tests were performed to test for statistical significance for 

responses among reef expert groups discussed in Chapter Five questions.  The 

questions were: 

 

1. Marine protected areas increase the size and distribution of reef fish within 

protected areas. 

2. Marine protected areas increase the size and distribution of reef fish 

outside of the protected areas. 

3. Marine protected areas lead to increased percent cover of stony corals 

within protected areas. 

4. Marine protected areas lead to increased percent cover of stony corals 

outside of protected areas. 

A comparison of responses using Chi Square was performed for the following 

respondent groupings: 

1. Over/Under 1500 dives 

2. Over/Under 20 years experience 

3. Over/Under 60 years old 

4. Government/Non-government employee 
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Q1       

  Yes No 
Marginal Row 
Totals 

Over 1500 dives 21   (19.96)   [0.05] 2   (3.04)   [0.35] 23 
Under 1500 
dives 25   (26.04)   [0.04] 5   (3.96)   [0.27] 30 
Marginal Column 
Totals 46 7 

53    (Grand 
Total) 

The chi-square statistic is 0.7216. The p-value is .39562. This result 
is not significant at p < .05. 
  

  
  

Q2 
  

  

  Yes No 
Marginal Row 
Totals 

Over 1500 dives 23   (20.16)   [0.4] 1   (3.84)   [2.1] 24 
Under 1500 
dives 19   (21.84)   [0.37] 7   (4.16)   [1.94] 26 
Marginal Column 
Totals 42 8 

50    (Grand 
Total) 

The chi-square statistic is 4.8086. The p-value is .028317. This result is 
significant at p < .05. 
  

  
  

Q3 
  

  

  Yes No 
Marginal Row 
Totals 

Over 1500 dives 6   (6.56)   [0.05] 15   (14.44)   [0.02] 21 
Under 1500 
dives 9   (8.44)   [0.04] 18   (18.56)   [0.02] 27 
Marginal Column 
Totals 15 33 

48    (Grand 
Total) 

The chi-square statistic is 0.1247. The p-value is .724018. This result 
is not significant at p < .05. 
  

  
  

Q4 
  

  

  Yes No 
Marginal Row 
Totals 

Over 1500 dives 5   (5.39)   [0.03] 17   (16.61)   [0.01] 22 
Under 1500 
dives 7   (6.61)   [0.02] 20   (20.39)   [0.01] 27 
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Marginal Column 
Totals 12 37 

49    (Grand 
Total) 

The chi-square statistic is 0.0671. The p-value is .79565. This result 
is not significant at p < .05. 

 

 

 

 

 

Q1       

  Yes No 
Marginal Row 
Totals 

Over 20 
29   (27.85)   [0.05
] 3   (4.15)   [0.32] 32 

Under 20 
18   (19.15)   [0.07
] 4   (2.85)   [0.46] 22 

Marginal Column 
Totals 47 7 54    (Grand Total) 
The chi-square statistic is 0.8962. The p-value is .343801. This result is not significant 
at p < .05. 

  
  

  
 
 
Q2 

  
  

  Yes No 
Marginal Row 
Totals 

Over 20 
23   (23.67)   [0.02
] 6   (5.33)   [0.09] 29 

Under 20 
17   (16.33)   [0.03
] 3   (3.67)   [0.12] 20 

Marginal Column 
Totals 40 9 49    (Grand Total) 
The chi-square statistic is 0.2556. The p-value is .613187. This result is not significant 
at p < .05. 

  
  

  
 
    

Q3 
  

  

  Yes No 
Marginal Row 
Totals 

Over 20 6   (8.88)   [0.93] 
23   (20.12)   [0.41
] 29 

Under 20 9   (6.12)   [1.35] 11   (13.88)   [0.6] 20 
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Marginal Column 
Totals 15 34 49    (Grand Total) 
The chi-square statistic is 3.2933. The p-value is .069562. This result is not significant 
at p < .05. 

  
  

  

Q4 
  

  

  Yes No 
Marginal Row 
Totals 

Over 20 5   (6.96)   [0.55] 
24   (22.04)   [0.17
] 29 

Under 20 7   (5.04)   [0.76] 
14   (15.96)   [0.24
] 21 

Marginal Column 
Totals 12 38 50    (Grand Total) 
The chi-square statistic is 1.7292. The p-value is .188516. This result is not significant 
at p < .05. 

 

 

 

Q1       

  Yes No 
Marginal Row 
Totals 

Over 60 
24   (24.37)   [0.01
] 4   (3.63)   [0.04] 28 

Under 20 
23   (22.63)   [0.01
] 3   (3.37)   [0.04] 26 

Marginal Column 
Totals 47 7 54    (Grand Total) 
The chi-square statistic is 0.0902. The p-value is .763944. This result is not significant 
at p < .05. 

  
  

  

Q2 
  

  

  Yes No 
Marginal Row 
Totals 

Over 60 
23   (21.32)   [0.13
] 3   (4.68)   [0.6] 26 

Under 20 
18   (19.68)   [0.14
] 6   (4.32)   [0.65] 24 

Marginal Column 
Totals 41 9 50    (Grand Total) 
The chi-square statistic is 1.5322. The p-value is .215781. This result is not significant 
at p < .05. 

  
  

  

Q3 
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  Yes No 
Marginal Row 
Totals 

Over 60 8   (7.96)   [0] 18   (18.04)   [0] 26 

Under 20 7   (7.04)   [0] 16   (15.96)   [0] 23 
Marginal Column 
Totals 15 34 49    (Grand Total) 
The chi-square statistic is 0.0006. The p-value is .979775. This result is not significant 
at p < .05. 

  
  

  

Q4 
  

  

  Yes No 
Marginal Row 
Totals 

Over 60 5   (5.72)   [0.09] 
21   (20.28)   [0.03
] 26 

Under 20 6   (5.28)   [0.1] 
18   (18.72)   [0.03
] 24 

Marginal Column 
Totals 11 39 50    (Grand Total) 
The chi-square statistic is 0.2421. The p-value is .622718. This result is not significant 
at p < .05. 

 

 

 

 

Q1       

  Yes No 
Marginal Row 
Totals 

Gov 21   (20.89)   [0] 3   (3.11)   [0] 24 

Non Gov 26   (26.11)   [0] 4   (3.89)   [0] 30 
Marginal Column 
Totals 47 7 54    (Grand Total) 
The chi-square statistic is 0.0082. The p-value is .927818. This result is not significant 
at p < .05. 

  
  

  
 
Q2 

  
  

  Yes No 
Marginal Row 
Totals 

Gov 18   (18.04)   [0] 4   (3.96)   [0] 22 

Non Gov 23   (22.96)   [0] 5   (5.04)   [0] 28 
Marginal Column 
Totals 41 9 50    (Grand Total) 
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The chi-square statistic is 0.0009. The p-value is .976336. This result is not significant 
at p < .05. 

  
  

  
 
Q3 

  
  

  Yes No 
Marginal Row 
Totals 

Gov 5   (6.43)   [0.32] 
16   (14.57)   [0.14
] 21 

Non Gov 
10   (8.57)   [0.24
] 

18   (19.43)   [0.11
] 28 

Marginal Column 
Totals 15 34 49    (Grand Total) 
The chi-square statistic is 0.8007. The p-value is .370898. This result is not significant 
at p < .05. 

  
  

  

Q4 
  

  

Yes No 
                                   Marginal Row    
                                  Totals 

Gov 4   (5.28)   [0.31] 18   (16.72)   [0.1] 22 

Non Gov 8   (6.72)   [0.24] 
20   (21.28)   [0.08
] 28 

Marginal Column 
Totals 12 38 50    (Grand Total) 
The chi-square statistic is 0.7291. The p-value is .393177. This result is not significant 
at p < .05. 
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APPENDIX 4: LIKERT-SCALE QUESTION TABLES 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly 

Agree) 

Do you value coral baselines? 

      Respondent 

age (decadal) 1 2 3 4 5 6 Total 

30s 0 2 0 3 4 1 10 

40s 0 0 2 2 3 3 10 

50s 1 0 1 2 3 1 8 

60s 1 2 2 5 1 4 15 

70s 1 1 2 2 0 4 10 

        Percentage 

       

 

1 2 3 4 5 6 Total 

30s 0 20 0 30 40 10 100 

40s 0 0 20 20 30 30 100 



  

 
    

1
5
4

 

50s 13 0 13 25 38 13 100 

60s 7 13 13 33 7 27 100 

70s 10 10 20 20 0 40 100 

        Count 

       

 

Disagree Agree Total 

    Under 6 22 28 

    60 Plus 9 16 25 

     

 

 

       Percentage 

       

 

Disagree Agree Total 

    59 and Under 21 79 100 

    60 Plus 36 64 100 

    

        Count All 

       

 

Disagree Agree Total 

    All 15 38 53 

    

        Percentage 

       



  

 
    

1
5
5

 

All 

 

Disagree Agree Total 

    All 28 72 100 

    

        

        All Count 

       

 

1 2 3 4 5 6 Total 

All 3 5 7 14 11 13 53 

        All 

Percentage 

       

 

1 2 3 4 5 6 Total 

All 6 9 13 26 21 25 100 

        Decadal 

       

 

Disagree Agree Total 

    30s 2 8 10 

    40s 2 8 10 

    50s 2 6 8 

    60s 5 10 15 

    



  

 
    

1
5
6

 

70s 4 6 10 

    

   

53 

    

 

Disagree Agree 

     30s 20 80 100 

    40s 20 80 100 

    50s 25 75 100 

    60s 33 67 100 

    70s 40 60 100 

    

         

 

 

 

 

 

 

 

 

 

 



  

 
    

1
5
7

 

 

 

 

 

 

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Value Goliath grouper 

baselines? 

       

 

1 2 3 4 5 6 Total 

 30s 0 0 0 2 6 2 10 

 40s 0 0 1 1 4 4 10 

 50s 0 0 0 4 3 1 8 

 60s 1 0 1 5 3 5 15 

 70s 1 1 2 0 2 4 10 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 0 0 0 20 60 20 100 

 



  

 
    

1
5
8

 

40s 0 0 10 10 40 40 100 

 50s 0 0 0 50 38 13 100 

 60s 7 0 7 33 20 33 100 

 70s 10 10 20 0 20 40 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 1 27 28 

     60 Plus 6 19 25 

     

         Percentage 

        

 

Disagree Agree 

      59 and Under 4 96 100 

     60 Plus 24 76 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 7 46 53 

     

         Percentage 

        



  

 
    

1
5
9

 

All 

 

Disagree Agree Total 

     All 13 87 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 2 1 4 12 18 16 53 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 4 2 8 23 34 30 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 0 10 10 

     40s 1 9 10 

     50s 0 8 8 

     60s 2 13 15 

     



  

 
    

1
6
0

 

70s 4 6 10 

     

   

53 

     

 

Disagree Agree Total 

     30s 0 100 100 

     40s 10 90 100 

     50s 0 100 100 

     60s 13 87 100 

     70s 40 60 100 

     

          

 

 

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Value Nassau grouper baselines? 

       

 

1 2 3 4 5 6 Total 

 30s 0 0 0 3 5 2 10 

 40s 0 0 1 2 5 2 10 

 



  

 
    

1
6
1

 

50s 0 0 1 3 3 1 8 

 60s 0 0 0 4 5 6 15 

 70s 2 1 0 1 2 4 10 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 0 0 0 30 50 20 100 

 40s 0 0 10 20 50 20 100 

 50s 0 0 13 38 38 13 100 

 60s 0 0 0 27 33 40 100 

 70s 20 10 0 10 20 40 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 2 26 28 

     60 Plus 3 22 25 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 7 93 100 

     



  

 
    

1
6
2

 

60 Plus 12 88 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 5 48 53 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 9 91 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 2 1 2 13 20 15 53 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 4 2 4 25 38 28 100 

 

         



  

 
    

1
6
3

 

Decadal 

        

 

Disagree Agree Total 

     30s 0 10 10 

     40s 1 9 10 

     50s 1 7 8 

     60s 0 15 15 

     70s 3 7 10 

     

   

53 

     

 

Disagree Agree Total 

     30s 0 100 100 

     40s 10 90 100 

     50s 13 88 100 

     60s 0 100 100 

     70s 30 70 100 

     

          

 

 

 



  

 
    

1
6
4

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Value Spiny lobster baselines? 

      

 

1 2 3 4 5 6 Total 

 30s 0 0 0 2 6 2 10 

 40s 0 0 1 1 4 3 9 

 50s 0 0 1 1 4 2 8 

 60s 0 0 1 2 5 7 15 

 70s 1 1 0 0 3 6 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 0 0 0 20 60 20 100 

 40s 0 0 11 11 44 33 100 

 50s 0 0 13 13 50 25 100 

 60s 0 0 7 13 33 47 100 

 70s 9 9 0 0 27 55 100 

 

         Count 

        

 

Disagree Agree Total 

     



  

 
    

1
6
5

 

59 and Under 2 25 27 

     60 Plus 3 23 26 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 7 93 100 

     60 Plus 12 88 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 5 48 53 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 9 91 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 1 1 3 6 22 20 53 

 



  

 
    

1
6
6

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 2 2 6 11 42 38 100 

 

         Decadal 

        

 

Disagree Agree 

      30s 0 10 10 

     40s 1 8 9 

     50s 1 7 8 

     60s 1 14 15 

     70s 2 9 11 

     

   

53 

     

 

Disagree Agree 

      30s 0 100 100 

     40s 11 89 100 

     50s 13 88 100 

     60s 7 93 100 

     70s 18 82 100 

     



  

 
    

1
6
7

 

          

 

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Climate change will cause complete stony coral extinction within the next century. 

  

 

1 2 3 4 5 6 Total 

 30s 2 4 1 1 2 0 10 

 40s 5 0 3 2 0 0 10 

 50s 4 1 1 1 1 0 8 

 60s 1 7 2 1 3 1 15 

 70s 4 2 1 2 1 1 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 20 40 10 10 20 0 100 

 40s 50 0 30 20 0 0 100 

 50s 50 13 13 13 13 0 100 

 60s 7 47 13 7 20 7 100 

 



  

 
    

1
6
8

 

70s 36 18 9 18 9 9 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 21 7 28 

     60 Plus 17 9 26 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 75 25 100 

     60 Plus 65 35 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 38 16 54 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 70 30 100 

     

         



  

 
    

1
6
9

 

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 16 14 8 7 7 2 54 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 30 26 15 13 13 4 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 7 3 10 

     40s 8 2 10 

     50s 6 2 8 

     60s 10 5 15 

     70s 7 4 11 

     

   

54 

     

 

Disagree Agree Total 

     30s 70 30 100 

     



  

 
    

1
7
0

 

40s 80 20 100 

     50s 75 25 100 

     60s 67 33 100 

     70s 64 36 100 

     

          

 

 

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Climate change will negate any benefits of coral transplanting activities. 

   

 

1 2 3 4 5 6 Total 

 30s 2 3 3 0 2 0 10 

 40s 1 4 4 1 0 0 10 

 50s 3 1 3 1 0 0 8 

 60s 0 5 5 2 2 1 15 

 70s 3 2 2 1 1 2 11 

 

         Percentage 

        



  

 
    

1
7
1

 

 

1 2 3 4 5 6 Total 

 30s 20 30 30 0 20 0 100 

 40s 10 40 40 10 0 0 100 

 50s 38 13 38 13 0 0 100 

 60s 0 33 33 13 13 7 100 

 70s 27 18 18 9 9 18 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 24 4 28 

     60 Plus 17 9 26 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 86 14 100 

     60 Plus 65 35 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 41 13 54 

     



  

 
    

1
7
2

 

         Percentage 

All 

        

 

Disagree Agree Total 

     All 76 24 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 9 15 17 5 5 3 54 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 17 28 31 9 9 6 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 8 2 10 

     40s 9 1 10 

     50s 7 1 8 

     



  

 
    

1
7
3

 

60s 10 5 15 

     70s 7 4 11 

     

   

54 

     

 

Disagree Agree Total 

     30s 80 20 100 

     40s 90 10 100 

     50s 88 13 100 

     60s 67 33 100 

     70s 64 36 100 

     

          

 

 

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Coral transplanting projects are having a significant positive impact on stony coral recovery. 

 

         

 

1 2 3 4 5 6 Total 

 30s 0 3 2 2 3 0 10 

 



  

 
    

1
7
4

 

40s 2 1 3 2 2 0 10 

 50s 0 0 1 5 0 1 7 

 60s 1 4 3 3 2 2 15 

 70s 2 2 4 2 1 0 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 0 30 20 20 30 0 100 

 40s 20 10 30 20 20 0 100 

 50s 0 0 14 71 0 14 100 

 60s 7 27 20 20 13 13 100 

 70s 18 18 36 18 9 0 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 12 15 27 

     60 Plus 16 10 26 

     

         Percentage 

        

 

Disagree Agree Total 

     



  

 
    

1
7
5

 

59 and Under 44 56 100 

     60 Plus 62 38 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 28 25 53 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 53 47 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 5 10 13 14 8 3 53 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 9 19 25 26 15 6 100 

 



  

 
    

1
7
6

 

         Decadal 

        

 

Disagree Agree Total 

     30s 5 5 10 

     40s 6 4 10 

     50s 1 6 7 

     60s 8 7 15 

     70s 8 3 11 

     

   

53 

     

 

Disagree Agree Total 

     30s 50 50 100 

     40s 60 40 100 

     50s 14 86 100 

     60s 53 47 100 

     70s 73 27 100 

     

          

 

 



  

 
    

1
7
7

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

You expect stony coral percent cover will increase over the next 100 years in the Florida Keys. 

 

         

 

1 2 3 4 5 6 Total 

 30s 4 3 1 1 1 0 10 

 40s 3 4 1 2 0 0 10 

 50s 3 2 1 1 0 1 8 

 60s 8 2 2 1 0 1 14 

 70s 3 2 4 2 0 0 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 40 30 10 10 10 0 100 

 40s 30 40 10 20 0 0 100 

 50s 38 25 13 13 0 13 100 

 60s 57 14 14 7 0 7 100 

 70s 27 18 36 18 0 0 100 

 

         Count 

        

 

Disagree Agree Total 

     



  

 
    

1
7
8

 

59 and Under 22 6 28 

     60 Plus 21 4 25 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 79 21 100 

     60 Plus 84 16 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 43 10 53 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 81 19 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 21 13 9 7 1 2 53 

 



  

 
    

1
7
9

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 40 25 17 13 2 4 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 8 2 10 

     40s 8 2 10 

     50s 6 2 8 

     60s 12 2 14 

     70s 9 2 11 

     

   

53 

     

 

Disagree Agree Total 

     30s 80 20 100 

     40s 80 20 100 

     50s 75 25 100 

     60s 86 14 100 

     70s 82 18 100 

     



  

 
    

1
8
0

 

          

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Through various management practices, humans are able to increase stony coral percent cover significantly. 

         

 

1 2 3 4 5 6 Total 

 30s 1 2 3 2 0 2 10 

 40s 2 0 2 3 1 2 10 

 50s 0 0 1 4 1 1 7 

 60s 2 1 7 1 2 2 15 

 70s 2 0 3 3 1 2 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 10 20 30 20 0 20 100 

 40s 20 0 20 30 10 20 100 

 50s 0 0 14 57 14 14 100 

 60s 13 7 47 7 13 13 100 

 



  

 
    

1
8
1

 

70s 18 0 27 27 9 18 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 11 16 27 

     60 Plus 15 11 26 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 41 59 100 

     60 Plus 58 42 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 26 27 53 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 49 51 100 

     

         



  

 
    

1
8
2

 

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 7 3 16 13 5 9 53 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 13 6 30 25 9 17 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 6 4 10 

     40s 4 6 10 

     50s 1 6 7 

     60s 10 5 15 

     70s 5 6 11 

     

   

53 

     

 

Disagree Agree Total 

     30s 60 40 100 

     



  

 
    

1
8
3

 

40s 40 60 100 

     50s 14 86 100 

     60s 67 33 100 

     70s 45 55 100 

     

          

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

The decline in percent cover of stony coral throughout the Florida Keys is primarily due to anthropogenic factors. 

         

 

1 2 3 4 5 6 Total 

 30s 0 0 0 3 4 3 10 

 40s 0 0 0 0 4 6 10 

 50s 1 0 1 4 1 1 8 

 60s 1 0 2 3 3 6 15 

 70s 0 1 0 2 4 4 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 



  

 
    

1
8
4

 

30s 0 0 0 30 40 30 100 

 40s 0 0 0 0 40 60 100 

 50s 13 0 13 50 13 13 100 

 60s 7 0 13 20 20 40 100 

 70s 0 9 0 18 36 36 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 2 26 28 

     60 Plus 4 22 26 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 7 93 100 

     60 Plus 15 85 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 6 48 54 

     

         



  

 
    

1
8
5

 

Percentage 

All 

        

 

Disagree Agree Total 

     All 11 89 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 2 1 3 12 16 20 54 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 4 2 6 22 30 37 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 0 10 10 

     40s 0 10 10 

     50s 2 6 8 

     60s 3 12 15 

     



  

 
    

1
8
6

 

70s 1 10 11 

     

   

54 

     

 

Disagree Agree Total 

     30s 0 100 100 

     40s 0 100 100 

     50s 25 75 100 

     60s 20 80 100 

     70s 9 91 100 

     

          

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

The decline in percent cover of stony coral throughout the Florida Keys is primarily due to natural factors. 

         

 

1 2 3 4 5 6 Total 

 30s 4 3 2 1 0 0 10 

 40s 3 3 2 1 1 0 10 

 50s 2 3 2 0 1 0 8 

 60s 4 7 1 1 1 1 15 

 



  

 
    

1
8
7

 

70s 3 6 1 0 1 0 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 40 30 20 10 0 0 100 

 40s 30 30 20 10 10 0 100 

 50s 25 38 25 0 13 0 100 

 60s 27 47 7 7 7 7 100 

 70s 27 55 9 0 9 0 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 24 4 28 

     60 Plus 22 4 26 

     

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 86 14 100 

     60 Plus 85 15 100 

     

         



  

 
    

1
8
8

 

Count All 

        

 

Disagree Agree Total 

     All 46 8 54 

     

         Percentage 

All 

        

 

Disagree Agree Total 

     All 85 15 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 16 22 8 3 4 1 54 

 

         All 

Percentage 

        

 

1 2 3 4 5 6 Total 

 All 30 41 15 6 7 2 100 

 

         Decadal 

        

 

Disagree Agree Total 

     



  

 
    

1
8
9

 

30s 9 1 10 

     40s 8 2 10 

     50s 7 1 8 

     60s 12 3 15 

     70s 10 1 11 

     

   

54 

     

 

Disagree Agree Total 

     30s 90 10 100 

     40s 80 20 100 

     50s 88 13 100 

     60s 80 20 100 

     70s 91 9 100 

     

         

          

 

 

 

    

Likert Scale Results (1 = Strongly Disagree; 6 = Strongly Agree) 

Stony coral communities worldwide will perish (go completely extinct) over the next 100 years. 

 



  

 
    

1
9
0

 

         

 

1 2 3 4 5 6 Total 

 30s 4 4 0 0 2 0 10 

 40s 7 1 2 0 0 0 10 

 50s 5 2 1 0 0 0 8 

 60s 6 4 2 2 1 0 15 

 70s 5 3 0 1 1 1 11 

 

         Percentage 

        

 

1 2 3 4 5 6 Total 

 30s 40 40 0 0 20 0 100 

 40s 70 10 20 0 0 0 100 

 50s 63 25 13 0 0 0 100 

 60s 40 27 13 13 7 0 100 

 70s 45 27 0 9 9 9 100 

 

         Count 

        

 

Disagree Agree Total 

     59 and Under 26 2 28 

     60 Plus 20 6 26 

     



  

 
    

1
9
1

 

         Percentage 

        

 

Disagree Agree Total 

     59 and Under 93 7 100 

     60 Plus 77 23 100 

     

         Count All 

        

 

Disagree Agree Total 

     All 46 8 54 

     

         Percentage 

All 

        

 

Disagree Agree 

      All 85 15 100 

     

         

         All Count 

        

 

1 2 3 4 5 6 Total 

 All 27 14 5 3 4 1 54 

 

         All 

        



  

 
    

1
9
2

 

Percentage 

 

1 2 3 4 5 6 Total 

 All 50 26 9 6 7 2 100 

 

         Decadal 

        

 

Disagree Agree Total 

     30s 8 2 10 

     40s 10 0 10 

     50s 8 0 8 

     60s 12 3 15 

     70s 8 3 11 

     

   

54 

     

 

Disagree Agree Total 

     30s 80 20 100 

     40s 100 0 100 

     50s 100 0 100 

     60s 80 20 100 

     70s 73 27 100 
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APPENDIX 5:  MARINE AFFAIRS QUESTIONS CHI-SQUARE TESTS 

 

L1. Do you value stony coral baselines? (53)      
  

L2. Do you value goliath grouper baselines? (53)      
  

L3. Do you value Nassau grouper baselines? (53)      
  

L4. Do you value spiny Lobster baselines? (53)      
  

L5. Climate change will cause complete stony coral extinction in the Keys? (54)  

  

L6. Climate Change will negate coral transplanting activities. (54)    

  

L7. Coral transplanting activities are having a positive impact. (53)     

L8. Coral % cover will increase over next 100 years in the Keys. (53)   

L9. Through management, humans are able to increase coral cover. (53)    

L10. Decline in % cover primarily due to anthropogenic factors. (54)    

L11. Decline in stony corals are due to natural factors. (54)     

  

L12. Corals worldwide will perish (go extinct) over next 100 years. (54)   
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Q 1       

  Yes No Marginal Row Totals 

Over 1500 19   (19.52)   [0.01] 1   (0.48)   [0.58] 20 

Under 1500 22   (21.48)   [0.01] 0   (0.52)   [0.52] 22 

Marginal Column Totals 41 1 42    (Grand Total) 
The chi-square statistic is 2.7281. The p-value is .098594. This result is not significant at p < 
.05. 

  
  

  

  
  

  

  
  

  

Q2 
  

  

Yes No Marginal Row Totals 

Over 1500 18   (18.49)   [0.01] 1   (0.51)   [0.46] 19 

Under 1500 18   (17.51)   [0.01] 0   (0.49)   [0.49] 18 

Marginal Column Totals 36 1 37    (Grand Total) 
The chi-square statistic is 0.9737. The p-value is .323763. This result is not significant at p < 
.05. 

  
  

  

Q3 
  

  

  Yes No Marginal Row Totals 

Over 1500 6   (6.16)   [0] 12   (11.84)   [0] 18 

Under 1500 7   (6.84)   [0] 13   (13.16)   [0] 20 

Marginal Column Totals 13 25 38    (Grand Total) 
The chi-square statistic is 0.0117. The p-value is .913892. This result is not significant at p < 
.05. 

  
  

  

Q4 
  

  

  Yes No Marginal Row Totals 

Over 1500 5   (5.21)   [0.01] 13   (12.79)   [0] 18 

Under 1500 6   (5.79)   [0.01] 14   (14.21)   [0] 20 
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Marginal Column Totals 11 27 38    (Grand Total) 
The chi-square statistic is 0.0227. The p-value is .88012. This result is not significant at p < 
.05. 

 

 

 

 

 

 

 

 

Q1       

  Yes No 
Marginal Row 
Totals 

Over 20 
29   (27.85)   [0.05
] 3   (4.15)   [0.32] 32 

Under 20 
18   (19.15)   [0.07
] 4   (2.85)   [0.46] 22 

Marginal Column 
Totals 47 7 54    (Grand Total) 
The chi-square statistic is 0.8962. The p-value is .343801. This result is not significant 
at p < .05. 

  
  

  

Q2 
  

  

  Yes No 
Marginal Row 
Totals 

Over 20 
23   (23.67)   [0.02
] 6   (5.33)   [0.09] 29 

Under 20 
17   (16.33)   [0.03
] 3   (3.67)   [0.12] 20 

Marginal Column 
Totals 40 9 49    (Grand Total) 
The chi-square statistic is 0.2556. The p-value is .613187. This result is not significant 
at p < .05. 

  
  

  

Q3 
  

  

  Yes No 
Marginal Row 
Totals 

Over 20 6   (8.88)   [0.93] 
23   (20.12)   [0.41
] 29 
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Under 20 9   (6.12)   [1.35] 11   (13.88)   [0.6] 20 
Marginal Column 
Totals 15 34 49    (Grand Total) 
The chi-square statistic is 3.2933. The p-value is .069562. This result is not significant 
at p < .05. 

  
  

  

Q4 
  

  

  Yes No 
Marginal Row 
Totals 

Over 20 5   (6.96)   [0.55] 
24   (22.04)   [0.17
] 29 

Under 20 7   (5.04)   [0.76] 
14   (15.96)   [0.24
] 21 

Marginal Column 
Totals 12 38 50    (Grand Total) 
The chi-square statistic is 1.7292. The p-value is .188516. This result is not significant 
at p < .05. 

 

 

 

 

 

Q1       

  Yes No 
Marginal Row 
Totals 

Over 60 
24   (24.37)   [0.01
] 4   (3.63)   [0.04] 28 

Under 20 
23   (22.63)   [0.01
] 3   (3.37)   [0.04] 26 

Marginal Column 
Totals 47 7 54    (Grand Total) 
The chi-square statistic is 0.0902. The p-value is .763944. This result is not significant 
at p < .05. 

  
  

  

Q2 
  

  

  Yes No 
Marginal Row 
Totals 

Over 60 
23   (21.32)   [0.13
] 3   (4.68)   [0.6] 26 

Under 20 
18   (19.68)   [0.14
] 6   (4.32)   [0.65] 24 

Marginal Column 
Totals 41 9 50    (Grand Total) 
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The chi-square statistic is 1.5322. The p-value is .215781. This result is not significant 
at p < .05. 

  
  

  

Q3 
  

  

  Yes No 
Marginal Row 
Totals 

Over 60 8   (7.96)   [0] 18   (18.04)   [0] 26 

Under 20 7   (7.04)   [0] 16   (15.96)   [0] 23 
Marginal Column 
Totals 15 34 49    (Grand Total) 
The chi-square statistic is 0.0006. The p-value is .979775. This result is not significant 
at p < .05. 

  
  

  

Q4 
  

  

  Yes No 
Marginal Row 
Totals 

Over 60 5   (5.72)   [0.09] 
21   (20.28)   [0.03
] 26 

Under 20 6   (5.28)   [0.1] 
18   (18.72)   [0.03
] 24 

Marginal Column 
Totals 11 39 50    (Grand Total) 
The chi-square statistic is 0.2421. The p-value is .622718. This result is not significant 
at p < .05. 

 

 

 

 

 

 

Q1       

  Yes No 
Marginal Row 
Totals 

Gov 21   (20.89)   [0] 3   (3.11)   [0] 24 

Non Gov 26   (26.11)   [0] 4   (3.89)   [0] 30 
Marginal Column 
Totals 47 7 54    (Grand Total) 
The chi-square statistic is 0.0082. The p-value is .927818. This result is not significant 
at p < .05. 

  
  

  

Q2 
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  Yes No 
Marginal Row 
Totals 

Gov 18   (18.04)   [0] 4   (3.96)   [0] 22 

Non Gov 23   (22.96)   [0] 5   (5.04)   [0] 28 
Marginal Column 
Totals 41 9 50    (Grand Total) 
The chi-square statistic is 0.0009. The p-value is .976336. This result is not significant 
at p < .05. 

  
  

  

Q3 
  

  

  Yes No 
Marginal Row 
Totals 

Gov 5   (6.43)   [0.32] 
16   (14.57)   [0.14
] 21 

Non Gov 
10   (8.57)   [0.24
] 

18   (19.43)   [0.11
] 28 

Marginal Column 
Totals 15 34 49    (Grand Total) 
The chi-square statistic is 0.8007. The p-value is .370898. This result is not significant 
at p < .05. 

  
  

  

Q4 
  

  

Yes No Marginal Row Totals 

Gov 4   (5.28)   [0.31] 18   (16.72)   [0.1] 22 

Non Gov 8   (6.72)   [0.24] 
20   (21.28)   [0.08
] 28 

Marginal Column 
Totals 12 38 50    (Grand Total) 
The chi-square statistic is 0.7291. The p-value is .393177. This result is not significant 
at p < .05. 

 

 

 

 

 

    Experience (20 Years)   

L1 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 11   (9.06)   [0.42] 21   (22.94)   [0.16] 32 

Lesser 4   (5.94)   [0.64] 17   (15.06)   [0.25] 21 
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Marginal Column 
Totals 15 38 53    (Grand Total) 
The chi-square statistic is 1.4679. The p-value is .225672. This result is not significant at p < 
.05. 

  
  

  

L2 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 6   (4.23)   [0.74] 26   (27.77)   [0.11] 32 

Lesser 1   (2.77)   [1.13] 20   (18.23)   [0.17] 21 
Marginal Column 
Totals 7 46 53    (Grand Total) 
The chi-square statistic is 2.1642. The p-value is .141254. This result is not significant at p < 
.05. 

  
  

  

L3 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 4   (3.02)   [0.32] 28   (28.98)   [0.03] 32 

Lesser 1   (1.98)   [0.49] 20   (19.02)   [0.05] 21 
Marginal Column 
Totals 5 48 53    (Grand Total) 
The chi-square statistic is 0.8886. The p-value is .345859. This result is not significant at p < 
.05. 

  
  

  

L4 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 4   (3.02)   [0.32] 28   (28.98)   [0.03] 32 

Lesser 1   (1.98)   [0.49] 20   (19.02)   [0.05] 21 
Marginal Column 
Totals 5 48 53    (Grand Total) 
The chi-square statistic is 0.8886. The p-value is .345859. This result is not significant at p < 
.05. 

  
  

  

L5 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 21   (22.52)   [0.1] 11   (9.48)   [0.24] 32 

Lesser 17   (15.48)   [0.15] 5   (6.52)   [0.35] 22 
Marginal Column 
Totals 38 16 54    (Grand Total) 
The chi-square statistic is 0.8483. The p-value is .357036. This result is not significant at p < 
.05. 
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L6 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 23   (24.3)   [0.07] 9   (7.7)   [0.22] 32 

Lesser 18   (16.7)   [0.1] 4   (5.3)   [0.32] 22 
Marginal Column 
Totals 41 13 54    (Grand Total) 
The chi-square statistic is 0.7052. The p-value is .401054. This result is not significant at p < 
.05. 

  
  

  

L7 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 18   (16.38)   [0.16] 13   (14.62)   [0.18] 31 

Lesser 10   (11.62)   [0.23] 12   (10.38)   [0.25] 22 
Marginal Column 
Totals 28 25 53    (Grand Total) 
The chi-square statistic is 0.8211. The p-value is .364862. This result is not significant at p < 
.05. 

  
  

  

L8 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 26   (25.15)   [0.03] 5   (5.85)   [0.12] 31 

Lesser 17   (17.85)   [0.04] 5   (4.15)   [0.17] 22 
Marginal Column 
Totals 43 10 53    (Grand Total) 
The chi-square statistic is 0.366. The p-value is .545208. This result is not significant at p < 
.05. 

  
  

  

L9 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 17   (15.21)   [0.21] 14   (15.79)   [0.2] 31 

Lesser 9   (10.79)   [0.3] 13   (11.21)   [0.29] 22 
Marginal Column 
Totals 26 27 53    (Grand Total) 
The chi-square statistic is 0.9991. The p-value is .317532. This result is not significant at p < 
.05. 

  
  

  

L10 
  

  

  Disagree Agree 
Marginal Row 
Totals 
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Greater 6   (3.56)   [1.68] 26   (28.44)   [0.21] 32 

Lesser 0   (2.44)   [2.44] 22   (19.56)   [0.31] 22 
Marginal Column 
Totals 6 48 54    (Grand Total) 

The chi-square statistic is 4.6406. The p-value is .031224. This result is significant at p < .05. 

  
  

  

L11 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 27   (26.46)   [0.01] 5   (5.54)   [0.05] 32 

Lesser 16   (16.54)   [0.02] 4   (3.46)   [0.08] 20 
Marginal Column 
Totals 43 9 52    (Grand Total) 
The chi-square statistic is 0.1646. The p-value is .684957. This result is not significant at p < 
.05. 

  
  

  

L12 
  

  

  Disagree Agree 
Marginal Row 
Totals 

Greater 26   (27.26)   [0.06] 6   (4.74)   [0.33] 32 

Lesser 20   (18.74)   [0.08] 2   (3.26)   [0.49] 22 
Marginal Column 
Totals 46 8 54    (Grand Total 
The chi-square statistic is 0.9638. The p-value is .326229. This result is not significant at p < 
.05. 
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    Age - 60   

L1 
  

  

  Disagree Agree Marginal Row Totals 

Younger 6   (7.92)   [0.47] 22   (20.08)   [0.18] 28 

Older 9   (7.08)   [0.52] 16   (17.92)   [0.21] 25 

Marginal Column Totals 15 38 53    (Grand Total) 
The chi-square statistic is 1.382. The p-value is .239763. This result is not significant at p < 
.05. 

  
  

  

L2 
  

  

  Disagree Agree Marginal Row Totals 

Younger 1   (3.7)   [1.97] 27   (24.3)   [0.3] 28 

Older 6   (3.3)   [2.2] 19   (21.7)   [0.34] 25 

Marginal Column Totals 7 46 53    (Grand Total 

The chi-square statistic is 4.8083. The p-value is .028323. This result is significant at p < .05. 

  
  

  

L3 
  

  

  Disagree Agree Marginal Row Totals 

Younger 2   (2.64)   [0.16] 26   (25.36)   [0.02] 28 

Older 3   (2.36)   [0.17] 22   (22.64)   [0.02] 25 

Marginal Column Totals 5 48 53    (Grand Total) 
The chi-square statistic is 0.3647. The p-value is .545913. This result is not significant at p < 
.05. 

  
  

  

L4 
  

  

  Disagree Agree Marginal Row Totals 

Younger 2   (2.55)   [0.12] 25   (24.45)   [0.01] 27 

Older 3   (2.45)   [0.12] 23   (23.55)   [0.01] 26 

Marginal Column Totals 5 48 53    (Grand Total) 
The chi-square statistic is 0.2646. The p-value is .607005. This result is not significant at p < 
.05. 

  
  

  

L5 
  

  

  Disagree Agree Marginal Row Totals 

Younger 21   (19.7)   [0.09] 7   (8.3)   [0.2] 28 

Older 17   (18.3)   [0.09] 9   (7.7)   [0.22] 26 

Marginal Column Totals 38 16 54    (Grand Total) 
The chi-square statistic is 0.5978. The p-value is .439419. This result is not significant at p < 
.05. 
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L6 
  

  

  Disagree Agree Marginal Row Totals 

Younger 29   (25.73)   [0.42] 4   (7.27)   [1.47] 33 

Older 17   (20.27)   [0.53] 9   (5.73)   [1.87] 26 

Marginal Column Totals 46 13 59    (Grand Total) 

The chi-square statistic is 4.2833. The p-value is .038489. This result is significant at p < .05. 

  
  

  

L7 
  

  

  Disagree Agree Marginal Row Totals 

Younger 12   (14.52)   [0.44] 16   (13.48)   [0.47] 28 

Older 16   (13.48)   [0.47] 10   (12.52)   [0.51] 26 

Marginal Column Totals 28 26 54    (Grand Total) 
The chi-square statistic is 1.8846. The p-value is .169817. This result is not significant at p < 
.05. 

  
  

  

L8 
  

  

  Disagree Agree Marginal Row Totals 

Younger 22   (22.17)   [0] 6   (5.83)   [0] 28 

Older 16   (15.83)   [0] 4   (4.17)   [0.01] 20 

Marginal Column Totals 38 10 48    (Grand Total) 
The chi-square statistic is 0.0144. The p-value is .904364. This result is not significant at p < 
.05. 

  
  

  

L9 
  

  

  Disagree Agree Marginal Row Totals 

Younger 11   (13.48)   [0.46] 17   (14.52)   [0.42] 28 

Older 15   (12.52)   [0.49] 11   (13.48)   [0.46] 26 

Marginal Column Totals 26 28 54    (Grand Total) 
The chi-square statistic is 1.8295. The p-value is .176183. This result is not significant at p < 
.05. 

  
  

  

L10 
  

  

  Disagree Agree Marginal Row Totals 

Younger 2   (3.11)   [0.4] 26   (24.89)   [0.05] 28 

Older 4   (2.89)   [0.43] 22   (23.11)   [0.05] 26 

Marginal Column Totals 6 48 54    (Grand Total) 
The chi-square statistic is 0.9272. The p-value is .335592. This result is not significant at p < 
.05. 

  
  

  

L11 
  

  

  Disagree Agree Marginal Row Totals 

Younger 24   (23.85)   [0] 4   (4.15)   [0.01] 28 

Older 22   (22.15)   [0] 4   (3.85)   [0.01] 26 
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Marginal Column Totals 46 8 54    (Grand Total) 
The chi-square statistic is 0.0129. The p-value is .909572. This result is not significant at p < 
.05. 

  
  

  

L12 
  

  

  Disagree Agree Marginal Row Totals 

Younger 26   (23.85)   [0.19] 2   (4.15)   [1.11] 28 

Older 20   (22.15)   [0.21] 6   (3.85)   [1.2] 26 

Marginal Column Totals 46 8 54    (Grand Total) 
The chi-square statistic is 2.7123. The p-value is .09958. This result is not significant at p < 
.05. 

 

    Gov-Non Gov 

L1 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 8   (8.21)   [0.01] 21   (20.79)   [0] 29 

Gov 7   (6.79)   [0.01] 17   (17.21)   [0] 24 

Marginal Column Totals 15 38 53    (Grand Total) 

The chi-square statistic is 0.0162. The p-value is .898828. This result is not significant at p < .05. 

  
  

  

L2 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 3   (3.83)   [0.18] 26   (25.17)   [0.03] 29 

Gov 4   (3.17)   [0.22] 20   (20.83)   [0.03] 24 

Marginal Column Totals 7 46 53    (Grand Total) 

The chi-square statistic is 0.4578. The p-value is .498634. This result is not significant at p < .05. 

  
  

  

L3 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 2   (2.74)   [0.2] 27   (26.26)   [0.02] 29 

Gov 3   (2.26)   [0.24] 21   (21.74)   [0.02] 24 

Marginal Column Totals 5 48 53    (Grand Total) 

The chi-square statistic is 0.4826. The p-value is .487248. This result is not significant at p < .05. 

  
  

  

L4 
  

  

  Disagree Agree Marginal Row Totals 
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Non Gov 2   (2.74)   [0.2] 27   (26.26)   [0.02] 29 

Gov 3   (2.26)   [0.24] 21   (21.74)   [0.02] 24 

Marginal Column Totals 5 48 53    (Grand Total) 

The chi-square statistic is 0.4826. The p-value is .487248. This result is not significant at p < .05. 

  
  

  

L5 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 22   (21.11)   [0.04] 8   (8.89)   [0.09] 30 

Gov 16   (16.89)   [0.05] 8   (7.11)   [0.11] 24 

Marginal Column Totals 38 16 54    (Grand Total) 

The chi-square statistic is 0.2842. The p-value is .593955. This result is not significant at p < .05. 

  
  

  

L6 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 23   (22.78)   [0] 7   (7.22)   [0.01] 30 

Gov 18   (18.22)   [0] 6   (5.78)   [0.01] 24 

Marginal Column Totals 41 13 54    (Grand Total) 

The chi-square statistic is 0.0203. The p-value is .886806. This result is not significant at p < .05. 

  
  

  

L7 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 15   (15.85)   [0.05] 15   (14.15)   [0.05] 30 

Gov 13   (12.15)   [0.06] 10   (10.85)   [0.07] 23 

Marginal Column Totals 28 25 53    (Grand Total) 

The chi-square statistic is 0.2222. The p-value is .637365. This result is not significant at p < .05. 

  
  

  

L8 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 24   (24.34)   [0] 6   (5.66)   [0.02] 30 

Gov 19   (18.66)   [0.01] 4   (4.34)   [0.03] 23 

Marginal Column Totals 43 10 53    (Grand Total) 

The chi-square statistic is 0.0579. The p-value is .809884. This result is not significant at p < .05. 
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L9 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 12   (14.72)   [0.5] 18   (15.28)   [0.48] 30 

Gov 14   (11.28)   [0.65] 9   (11.72)   [0.63] 23 

Marginal Column Totals 26 27 53    (Grand Total) 

The chi-square statistic is 2.2689. The p-value is .131994. This result is not significant at p < .05. 

  
  

  

L10 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 2   (3.33)   [0.53] 28   (26.67)   [0.07] 30 

Gov 4   (2.67)   [0.67] 20   (21.33)   [0.08] 24 

Marginal Column Totals 6 48 54    (Grand Total) 

The chi-square statistic is 1.35. The p-value is .245278. This result is not significant at p < .05. 

  
  

  

L11 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 26   (25.56)   [0.01] 4   (4.44)   [0.04] 30 

Gov 20   (20.44)   [0.01] 4   (3.56)   [0.06] 24 

Marginal Column Totals 46 8 54    (Grand Total) 

The chi-square statistic is 0.1174. The p-value is .731881. This result is not significant at p < .05. 

  
  

  

L12 
  

  

  Disagree Agree Marginal Row Totals 

Non Gov 25   (25.56)   [0.01] 5   (4.44)   [0.07] 30 

Gov 21   (20.44)   [0.02] 3   (3.56)   [0.09] 24 

Marginal Column Totals 46 8 54    (Grand Total) 

The chi-square statistic is 0.1834. The p-value is .668447. This result is not significant at p < .05. 
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