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ABSTRACT   Research in the late 1990s showed that some intertidal eastern oyster (Crassostrea 
virginica, Gmelin) reefs in Mosquito Lagoon within the Canaveral National Seashore, Florida 
had dead margins consisting of mounded up, disarticulated shells.  It was hypothesized that 
boating activities were the cause of the damage because all the reefs were adjacent to major 
navigation channels.  To investigate this, we characterized the history of the appearance of dead 
margins and other reef changes using aerial photographs taken between 1943 and 2000.  Imagery 
analyzed included prints (black & white, color, or color infrared) from 1943, 1951, 1963, 1975, 
1988, and 1995, and digital imagery from 2000 (USGS 1:12,000 digital ortho-quarterquads), at 
scales from 1:6,000 to 1:24,000.  Prints were scanned at a resolution sufficient to yield 1-m 
pixels.  After scanning, each set of images was georeferenced to the year 2000 imagery using 
ArcView and ArcInfo GIS software.  All reefs found to have dead margins based on 1995 and 
2000 aerials were visited in 2001 and 2002 to confirm the presence and extent of dead areas.  
This provided ground-truthing for the "signature" (a highly reflective, light-colored area adjacent 
to darker-colored live reef) to be used to detect the appearance of dead margins in the historical 
aerials.  The earliest appearance of dead margins was in the 1943 aerials on one reef adjacent to 
the Intracoastal Waterway (ICW), a major navigation channel.  The total number of reefs affected 
and areal extent of dead margins steadily increased from 1943 through 2000.  In 2000, 60 reefs 
(of a total of ~400 in the Park) had dead margins, representing 9.1% of the total areal coverage by 
oyster reefs in the Park.  Along the ICW, some reefs migrated away from the channel as much as 
50 m and in 2000 consisted mainly of empty shells mounded up a meter above the high water 
mark.  In contrast, many reefs in areas away from navigation channels showed little change over 
the 57-yr period.  This historical analysis provides strong (although correlative) evidence that 
boating activity has had dramatically detrimental effects on some oyster reefs in the study area.  
Ongoing studies are aimed at further testing this hypothesis and elucidating the causal 
mechanisms involved.    
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INTRODUCTION  
 
 The eastern oyster, Crassostrea virginica, forms extensive reefs subtidally and intertidally 
along the eastern US coast (Bahr and Lanier 1981; Burrell 1986).  Intertidal reefs are the 
dominant form from North Carolina to the northern end of the Mosquito Lagoon in east-central 
Florida.  Most of Mosquito Lagoon in this area is within the boundaries of Canaveral National 
Seashore (CANA), the present study area.  Here, the intertidal oyster reef constitutes a major 
habitat type (Grizzle 1990).  Within CANA, reefs are managed for their ecological importance 
and are harvested commercially and recreationally (Walters et al. 2001).  
 Previous research within CANA characterized reef distribution and abundance patterns 
(Grizzle 1990) and focused on management issues (Grizzle and Castagna 1995).  Based on an 
analysis of 1995 aerial imagery and subsequent field surveys, it was discovered that numerous 
reefs had dead margins consisting of disarticulated shells mounded up several decimeters above 
the adjacent living reef (Grizzle, pers. obs.).  This pattern differed from the well-documented, 
long-term growth pattern of a dead middle area surrounded by living oysters (the "senescent 
stage" of Bahr and Lanier 1981) because the dead zones were along the margins of the reefs.  
Also, the dead margins consisted mainly of well-packed shells instead of a shell/sand/mud 
mixture as typically found in the dead middle area of senescent reefs.  Further analysis showed 
that all reefs with dead margins occurred adjacent to channel areas that were heavily used by 
boats, including the federally maintained Intracoastal Waterway (ICW) which runs along the 
western edge of CANA.  It was hypothesized that boating activities may be responsible at least in 
part for the dead margins.   
 The present study was initiated as part of a larger project aimed at assessing the potential 
impacts of boating activities on oysters.  Emphasis in the present report is on historical changes 
in oyster reefs based on aerial imagery, and the results of associated studies will be reported in 
future publications.  The major objectives of the present report are: (1) describe the present 
(2000) distribution of oyster reefs in CANA; (2) characterize historical (1943-2000) changes in 
the CANA reefs based on aerial photographic imagery, with an emphasis on those reefs with 
dead margins in 2000; and (3) relate historical reef changes to environmental factors, with an 
emphasis on boating activities. 
 
  
STUDY AREA AND METHODS  
 
 The study area was in northern Mosquito Lagoon in east-central Florida (Fig. 1) and 
restricted to the Canaveral National Seashore (CANA), a National Park unit that is an example of 
a relatively stable barrier beach/lagoonal ecosystem (Grizzle 1990; Walters et al. 2001).  Most of 
the Lagoon within CANA is a complex system of shallow open water areas and nearly 100 
mangrove (Rhizophora mangle and Avicennia germinans)-dominated islands.  Oyster reefs occur 
in intertidal areas, often adjacent to seagrass (mainly Halodule wrightii) beds, which are 
extensive in some areas (Morris et al. 2000).  Water depths are <1m in most areas and the annual 
salinity range is typically between 25 and 35 psu, occasionally increasing to 40 psu (Grizzle 
1990).  Mosquito Lagoon is the northernmost body of water in the Indian River Lagoon system 
(IRL),  
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which has been described as the richest and most diverse estuary in the continental United States 
(see references in 1995 special issue of Bulletin of Marine Science, Vol. 57; also see Walters et 
al. 2001). The ecological importance of this area has been demonstrated by the US 
Environmental Protection Agency in listing the entire IRL as an Estuary of National Significance, 
and by the State of Florida in classifying it as a Florida Outstanding Waterway and Aquatic 
Preserve, the highest level of State protection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Aerial imagery of the types and sources indicated in Table 1 were used in the present analysis.  
Prints were converted to digital format following the "soft-copy photogrammetry" methods 
outlined in Finkbeiner et al. (2001).  Each print was scanned at a resolution sufficient to yield 1-
m pixels.  After scanning, each set of images was referenced to the year 2000 orthorectified 
digital imagery using sufficient reference points to remove distortion from the photographs.  Year 
2000 imagery provided enough detail so that link points could easily be established to all 

 
Fig. 1.  Northern portion of Canaveral National Seashore, showing most of ~ 400 mapped oyster reefs (each 
shown as a black polygon exaggerated 2X horizontally) based on year 2000 imagery.  Nine study groups 
used in historical (1943-2000) assessment are indicated.  Note that "live reefs" and "dead margins" are 
combined in this figure. 
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historical photos.  The link files were created in ArcView by doing a side-by-side comparison of 
photos and creating points on each to reference corresponding locations. This method created  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

“from” and “to” points that were used in ArcInfo to warp the historical photos and register them 
to a UTM coordinate plane.  On average, 35 to 40 points were established for each photo pair.  
This allowed the polynomial order of transformation to be varied enough to compare different 
levels of warping in ArcInfo.  The higher the order of the polynomial, the more distortion can be 
removed.  Warping results from order 1 to 6 were compared and it was determined that 3rd order 
transformations were sufficient to match these images to their year 2000 counterparts.  Such 
results were anticipated due to the low vertical relief of the target area.  Vertical relief is one of 
the primary sources of distortion in aerial photography. 
 Live reefs initially were identified based on the following criteria (i.e. "signature"): dark 
margins with a lighter middle area, round to irregular in shape, and with a smooth texture (Fig. 
2).  These criteria were applicable regardless of imagery type.  In color and color infrared photos, 
the darker zone of the reef was typically olive to olive-gray in color.  As an example of the 
overall image, round reefs resembled a donut with the center being lighter in color than the outer 
ring.  In stark contrast to the live reef signature, dead margins appeared in all types of imagery as 
a highly reflective, light-colored (typically bright white) area adjacent to the darker-colored live 
reef (Figs. 2 and 3).   
 Using these interpretation criteria, eight preliminary maps were produced: a basemap 
showing all oyster reefs (minimum size ~ 10 m2) CANA based on the 2000 aerials, and one map 
for each of the seven aerials from previous years showing only those reefs that had dead margins 
in 2000.  It should be noted that only a subset of all reefs in CANA were mapped using the pre-
2000 imagery.  This is because emphasis with respect to historical changes was on those reefs 
that had dead margins in 2000.  To make assessment of historical changes more manageable, 
reefs with dead margins in 2000 were arranged into nine groups based on location (Fig. 1).  All 
nine groups were quantitatively analyzed but only representative aerial imagery is shown here.  
Due to variations in size of the reefs, a constant map scale could not be used across all nine 
groups.  Each group boundary was positioned to emphasize changes from year to year on an 
individual group basis and to show sufficient detail.  Special care was also taken to include any 
partial reefs so that area calculations would remain consistent.  

Table 1. 
Aerial imagery used in present study. 

            
Year  Type             Source                               Scale  
1943 Black & white prints St. Johns River Water Management District  1:16,000 
1951 Black & white prints Volusia County     1:16,000 
1963 Black & white prints Volusia County     1:24,000 
1975 Color prints  Volusia County     1:24,000 
1988 Color prints  Volusia County     1:24,000 
1995 Color infrared prints University of New Hampshire   1:6,000 
2000 Digital   US Geological Survey    1:24,000 
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Field surveys were conducted in November 2001 and March 2002 to ground-truth the reef maps 
produced using the 2000 aerials.  Ground-truthing included assessment of initial reef signature 
criteria and mapping accuracy.  In November 2001, all reefs initially mapped with dead margins 
were visited to determine the accuracy of the interpretations of live reef and dead margins.  Based 
on this survey, a revised set of reef maps was produced.  A second field survey was conducted in 
March 2002, to assess the revised maps with an emphasis on mapping accuracy.  Following the 
general recommendations of Congalton and Green (1999) and Finkbeiner et al. (2001), multiple 
points on several individual reefs were chosen for field inspection.  At each point, latitude and 
longitude (using a differential geographic positioning system, DGPS) were recorded, and bottom 
type (dead margin, live reef, or non-reef) identified.  Each logged point was plotted on the 
revised maps to determine locational and interpretational accuracy.  
 
 
RESULTS AND DISCUSSION 
 
Reef signature and ground-truthing  
 
 A field survey in November 2001 indicated that the initial reef signature criteria were 
sufficient for correct identification of nearly all of the reefs based on 2000 aerials.  Live reefs 
surrounded by bottom features (e.g. light-colored sand, dark mud) that contrasted with the reef 

Fig. 2.  Examples of signatures for live reef (LR; reefs enclosed in boxes for one year only of each pair of aerials) 
and dead margins (DM; indicated by arrows) from different kinds and qualities of imagery.  Group 1 - 1995: LR 
signature with dark margin not evident; Group 1 - 2000: typical LR signature of dark margin surrounding lighter 
central region, but low quality imagery.  Group 7 - 1963: 100% LR; Group 7 - 1995: LR with extensive DM 
(bright white) along outer edge of reef.  Group 8 - 1963: three LR reefs in low quality imagery caused by poor sun 
angle and surface reflectance; Group 8 - 1995: three LR reefs as in 1963, but outer reef with extensive DM in 1995 



 6

signature were accurately mapped.  Interpretation of reef boundaries was difficult only when 
bottom features (e.g. some seagrass beds, gray sands and muds) that resembled live reefs 
occurred adjacent to the reef.  It should also be noted that in some areas on some aerials, reefs 
appeared a uniform gray, either darker or lighter than surrounding areas (e.g. see "Group 1 - 
1995" and "Group 8 - 1963" reefs in Fig. 2).  These departures from the typical signature were 
apparently a result of the photo being taken during low tide when the reefs were exposed.  In 
some cases, these aerials were also of poor quality caused by excessive glare off the water 
surface and thus poor light penetration of the water column (e.g. "Group 8 - 1963" reefs in Fig. 
2).  Dead margins were dramatically visible in all but the poorest quality aerials because of high  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
reflectivity of the mounded up and sun-bleached shells (Fig. 2).  Dead margins were only 
difficult to interpret when they occurred adjacent to light-colored sand or sand/shell mixtures.  
Hence, the initial reef signature criteria described above were found to be valid. 
 Remote sensing of various types of coastal benthic habitats using aerial photography is 
becoming an important tool for detecting environmental change (Finkbeiner et al. 2001).  Much 
of this work has been on seagrasses (e.g. Ferguson et al. 1993; Morris et al. 2000; Virnstein 

Fig. 3.  Dead margins (DM) in 2002 showing typical relation to live reef (LR).  A) Long, arching reef from 
Group 6; note presence of LR on both sides of DM.  B) Small reef from Group 4 with DM and scattered LR 
behind it.  C) Large cluster of DM in Group 1 resulting from long-term migration away from ICW from 1943-
2000.  D) DM being colonized in middle by macrophytes; mound of dead shells extended nearly 1 m above the 
high water line and was adjacent to navigation channels on two sides, resulting in the rounded shape.  E) and F) 
Typical live reefs with no DM. 
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2000) but research on other habitat types, including oysters, has been published.  One of the 
earliest published studies mapped the reefs in the present study area using aerial photographs 
taken in 1984 (Grizzle 1990).  A similar survey was conducted in Georgia in the late 1970s 
(Harris 1980).  There are also ongoing studies involving aerial photography of oyster reefs in 
other areas of Florida and South Carolina, but we are aware of no published literature on this 
work.  Hence, although aerial imagery has been used in previous oyster reef research, the 
published literature is meager.  Finkbeiner et al. (2001) suggest a general protocol for mapping 
coastal habitats, but to our knowledge no published description of an interpretive signature for 
intertidal oyster reefs exists.  Such a description is essential for further development of a standard 
protocol for mapping oyster reefs. 
 It should be noted that the suggested signature for live reefs includes potential "dead 
centers" (see Introduction section) as part of the live reef.  The present study did not discriminate 
between different densities of live oysters.  However, there were discernable differences between 
dead centers and areas of different densities of live oysters, suggesting that useful information on 
oyster abundances may be obtained using aerial imagery.  The overall pattern of a darker outer 
region surrounding a lighter-colored middle derives at least in part from the fact that higher 
densities of live oysters typically occurred at the margins of CANA reefs compared to middle 
areas (Grizzle and Castagna 1995).  This pattern should be expected in general for older reefs in 
the "senescent stage" described by Bahr and Lanier (1981) but it may also be the pattern for most 
large reefs.  Increased growth at the margins also has been reported for reef-forming blue 
mussels, Mytilus edulis (e.g. Newell 1990; Svane and Ompi 1993).  In the only relevant study on 
oysters we are aware of, Powell et al. (1987) characterized small scale differences in distributions 
of oysters on reefs but did not report an "edge effect."  Further work is needed on small spatial 
scale patterns detectable by aerial photographs so that remote sensing techniques can be 
developed to monitor characteristics reflecting overall reef "health" in addition to just total areal 
coverage of "live" reef.  
 To further assess interpretational accuracy as well as locational accuracy, a total of 405 
individual points on a total of 56 reefs were logged and plotted in March 2002, the second field 
visit to the study site.  Overall, this assessment again (as did the November 2001 field survey) 
verified that interpretational accuracy was nearly 100%.  It also showed that locational accuracy 
was within expected ranges.  Of the 405 points visited, identified and plotted, 94% were within 5 
m of the actual DGPS-determined location (Table 2).  DGPS is generally considered to have an 
accuracy of about 5 m with 95% confidence. 
 
 
Oyster reef distribution within CANA in 2000 
 
 A total of about 400 live reefs ranging in size from 10 m2 to 4180 m2 were mapped using 
year 2000 aerials, and nearly all reefs occurred in the northern half of the study area (Fig. 1).  
Although not quantified, there was a strong decreasing trend in areal coverage by live oyster reefs 
from north to south, reflecting the amount of tidal influence in the area (see Grizzle 1990 for 
further discussion).  The total bottom area within CANA covered by live reefs in 2000 was 12.3 
ha.  Live reefs showed a wide range of overall morphologies and spatial orientations, including  
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all three types described by Kennedy and Sanford (1999; based on Stenzel 1971): string 
(perpendicular to shore), fringe (parallel to shore), and patch (small, compact form).  String reefs 
and fringe reefs occurred along the edges of many of the major tidal channels.  Patch reefs 
typically occurred away from the channels, sometimes in groups that resulted in dendritic 
patterns, with reefs separated by winding open water areas only a few meters wide. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
In 2000, dead margins occurred on about 60 reefs covering a total of 1.12 ha and representing 
9.1% of the total oyster reef areal coverage in the Park (Fig. 1; Table 3).  All reefs with dead 
margins occurred adjacent to major channel areas, including narrower channels probably not 
affected by wind waves and broader expanses with sufficient fetch for development of waves.  
On an individual reef basis, the dead margins ranged from <10% to ~100% of each reef's total 
areal coverage.  Hence, some reefs only suffered minor losses while others appear to have been 
completely killed. 
 
Historical changes in CANA oyster reefs 
 
 There was a consistent increase in areal coverage by dead margins from their first 
appearance on a reef near the ICW in 1943 through 2000, when about 60 reefs were affected 
throughout the study area (Fig. 4, Table 3).  In 1951, dead margins covered only 0.10 ha of 
bottom area, and all but one (Group 5) were located along the ICW.  In most other areas away 
from the ICW, dead margins first appeared in 1975 or 1988 and showed a steady increase in areal 
coverage over time.  As already noted, by 2000, dead margins occupied 1.12 ha of bottom area 
representing 9.1% of the total oyster reef areal coverage in the Park. 

Table 2. 
Locational accuracy data showing percent of individual 

plotted points within the indicated (1 m, 2 m, etc.) accuracy level. 
          
      Accuracy level 
Reef type # points plotted 0 m 1 m 2 m  5 m  
 live   137  100 110 116 125 
dead   161  119 140 145 154 
live + dead  298  219 250 261 279 
  Percent accuracy: 73.4 83.9 87.6 93.6 
          

 

Year: 1943 1951 1963 1975 1988 1995 2000 All of CANA

TOTAL Dead: 0.02 0.10 0.26 0.29 0.55 0.85 1.12 1.12

TOTAL Live: 6.55 5.28 4.71 5.73 5.39 3.60 4.06 12.28

Live + Dead: 6.57 5.38 4.97 6.02 5.95 4.46 5.18 13.39

% Dead: 0.3 2.0 5.5 5.1 10.3 23.7 27.6 9.1

 

Table 3. 
Total coverage in hectares for dead margins and live reef in all nine  

groups by year, and Park-wide in year 2000 only. See figure 4 for bar charts of data by 
group by year. 
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 Some reefs were remarkably dynamic over the 57-year study period, with the most 
dramatic changes occurring in nearly all reefs adjacent to the ICW (e.g. Group 1 in Fig. 5).  In 
these areas, there was a general movement away from the ICW and an increase in areal coverage 
by dead margins over time.  For example, some reefs in Group 1 moved a distance of 
approximately 50 m away from the ICW between 1943 and 2000.  In contrast, none of the reefs 
in groups located away from the ICW moved by more than a few meters over the 57-yr period, 
including those with dead margins.  Also, the general shape, areal coverage, and location 
remained relatively stable for many reefs over the period (e.g. most reefs in Group 5; Fig. 5). 
 An obvious and probably the most serious limitation on use of historical imagery is that 
ground-truthing is limited.  For the present study, the 2000 aerials were ground-truthed with 
respect to interpretation and mapping accuracy.  Information from this effort was used to infer 
the level of confidence placed on historical mapping.  There was a wide range of overall quality 
of the historical aerials caused by differences in sun angle, water clarity, tidal stage, and other 
factors.  This variability affected the mapping process but there is no way to quantitatively assess 
the effect.  A technique that seemed to make the mapping process more accurate for the historical 
imagery was to analyze a single reef or group of reefs beginning with the ground-truthed 2000 
maps and proceeding backwards in time.  It was also found that for a year with poor quality 
imagery, examination of the previous and subsequent years made identification of the reefs easier 
on that imagery.  Thus, while there is no way to rigorously assess accuracy of historical imagery 
there may be ways to improve the process. 
 Based on 1986 imagery, Grizzle (1990) presented a distribution map of oyster reefs in the 
present study area.  This map was revised based on 1995 imagery by Grizzle and Castagna 
(1995).  The maps produced for both studies were very similar with respect to total number of 
reefs (~400) and overall reef distribution pattern.  However, Grizzle and Castagna (1995) noted a 
wide disparity in reported total areal coverage by oyster reefs: 31.7 ha in 1986/1990, and 14.0 ha 
in 1995.  They further noted that the higher figure was incorrect, and was an artifact of the low-
resolution GIS program used in 1990 which assigned all mapped reefs a minimum size of 0.05 
ha.  Inspection of the 1983 aerials used in the present study corroborates this conclusion, and 
suggests that other than an increase in dead margins there was probably little change in total 
oyster reef coverage in the Park between 1986 and 1995. 
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Potential causes of historical reef changes 
 
 This present historical assessment was designed to provide a partial test of the hypothesis 
that boating activities have been a causal factor in the occurrence of dead margins on some oyster 
reefs in the study area.  Data presented here support this hypothesis in several ways, and yield no 
information for rejection of it.  Moreover, the present analysis indicates that for some reefs the 
existing (2000-2002) dead margins represent only a vestige of the areal extent of those reefs 
historically. 
  
 

Fig. 4.  A real coverage by live reef and dead margins from nine study groups over 57-year period, and all groups 
combined in last graph 



 11

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The major findings that implicate boating activities are associated with the fact that all of 
the approximately 60 reefs with dead margins identified for the 57-year study record (1943-2000) 
occurred immediately adjacent to major navigation channels.  Data available since 1986 show an 
average annual increase of about 10% in the number of boats registered in the two counties 
(Volusia and Brevard) that border the Mosquito Lagoon (Hart et al. 1994), coinciding with an 
average annual increase of about 9% in bottom area covered by dead margins from 1988 to 1995 
(Table 2).  There were over 51,000 registered boats in Volusia and Brevard counties in 1998, 
nearly twice the state average (J. Stewart, pers. com.).  The extent of dead margins increased by 
16.4% from 1995 to 2000.  Such a correlation between registered boats, and thus potential 
boating activity, and dead margins does not of course require a cause-and-effect relation.  
However, if boating activities were involved in the observed increases in dead margins, such a 
correlation would be expected.  Assuming boating activities were involved, what might be the 
actual mechanisms causing the dieoffs at the margins? 
 The importance of water movement (including tidal currents and waves) to oyster reefs 
was recognized by Grave (1905), and subsequent research has provided several hypothetical 
cause-and-effect relations but no quantification of them (see reviews by Bahr and Lanier 1981, 
and Kennedy and Sanford 1999; see additional discussion below).  Bahr and Lanier (1981) 
suggested that vertical growth rate and morphological form of intertidal reefs were strongly 
affected by wave action.  Waves (and currents) transport sediment to and from the reef, and in 

Fig. 5.  Three of nine reef groups showing differences in reef dynamics over the 57-year study period.  Live 
reefs outlined with narrow black line; dead margins (DM) filled in.  Arrows show first occurrence of DM for 
that group (1943 for group 1, 1951 for group 5, 1975 for group 6 
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some cases eventually result in sediment buildup and loss of oysters in the central region (see 
more discussion in the Introduction section).  Bahr and Lanier also noted (p. 57) that "...a water 
current or wave energy regime above a certain threshold level will prevent the development..." of 
a reef.  And they showed (p. 34) a photograph of "shell debris characteristic of high energy beach 
shores..." that resembled the mounded up dead margins observed in the present study.  Wave 
energies of some magnitude are clearly capable of destroying an existing reef.  However, we are 
aware of no research that quantifies the relationships involved, nor the actual mechanisms 
involved. 
 Hypothesized inhibitory mechanisms for reef development include: vertical accretion of 
the reef surface to an elevation too high in the intertidal caused by waves (Churchill 1920; Bahr 
and Lanier 1981), smothering and substrate instability caused by excessive sediment transport 
(Marshall 1954), and inhibited larval settlement caused by sediment ("grit") movement (Gunter 
1979).  Analysis of historical aerials for reefs along the ICW in the present study also suggest 
that a reef can be physically moved by wave energies, resulting in a range of responses from slow 
migration to total destruction, much in the fashion that barrier islands migrate shoreward (termed 
"transgression") under increased wave energies (Davis 1996).  As already discussed, the present 
study was not designed to test particular causal mechanisms for observed reef declines.  They are 
the topic of ongoing studies by Linda Walters and colleagues (e.g. Wall et al. 2002; Walters et al. 
2002) and will be reported elsewhere.  The present study, however, does provide strong 
(although correlative) evidence that boating activity has had dramatically detrimental effects on 
some oyster reefs in the study area.     
  
 
LITERATURE CITED  
 
Bahr, L. N. & W. P. Lanier.  1981.  The ecology of intertidal oyster reefs of the South Atlantic 

  coast: a community profile. U.S. Fish and Wildlife Service, Office of Biological Services, 
Washington, D.C. FWS/OBS-81/15. 

Burrell, V. G.  1986. Species profiles: life histories and environmental requirements of coastal 
fishes and invertebrates, American oyster.  U.S. Fish and Wildlife Service, Office of 
Biological Services, Washington, D.C. Biol. Rep. 82(11.57). 

Churchill, E. P., Jr.  1920.  The oyster and the oyster industry of the Atlantic and Gulf coasts.  
Bureau of Fisheries Document 890.  Appendix VIII, Report of the U.S. Fisheries 
Commission for 1919, pp. 1-51. 

Congalton, R. G. and K. Green.  1999.  Assessing the accuracy of remotely sensed data: 
principles and practices.  Boca Raton, FL: Lewis publishers.  137 pp. 

Davis, R. A., Jr.  1996.  Coasts.  Upper Saddle River, NJ: Prentice Hall.  274 pp. 
Ferguson, R. L., L. L. Wood & D. B. Graham.  1993.  Monitoring spatial change in seagrass 
 habitat with aerial photography.  Photog.  Engineer. Rem. Sens. 59:1033-1038. 
Finkbeiner, M., B., Stevenson & R.  Seaman.  2001.  Guidance for benthic habitat mapping: an 

aerial photographic approach.  NOAA Coastal Services Center, Charleston, SC.    
(NOOA/CSC/20117-PUB). 

Grave, C.  1905.  Investigations for the promotion of the oyster industry of North Carolina.  Rep. 
U.S. Comm. Fish. 29:249-315. 



 13

Grizzle, R. E.  1990.  Distribution and abundance of Crassostrea virginica (Gmelin, 1791) 
(eastern oyster) and Mercenaria spp. (quahogs) in a coastal lagoon. J. Shellfish Res. 9:347-
358. 

Grizzle, R. E. & M. W. Castagna.  1995.  Final report - Oyster reef monitoring program in 
Canaveral National Seashore.  National Park Service, Canaveral National Seashore, 
Titusville, FL.  14 pp. 

Gunter, G.  1979.  The grit principle and the morphology of oyster reefs.  Proc. Natl. Shellfish. 
Assoc. 69:1-5. 

Harris, C. D.  1980.  Survey of the intertidal and subtidal oyster resources of the Georgia coast.  
Georgia Department of Natural Resources, Coastal Resources Division, Brunswick, GA.  44 
pp. 

Hart, A. W., D. L. Myers, T. M. O'Keefe & M. G. Thorn.  1994.  A boater's guide to the Indian 
River Lagoon.  National Estuary Program, Indian River Lagoon, Melbourne, FL.  85 pp. 

Kennedy, V. S. & L. P.  Sanford.  1999.  Characteristics of relatively unexploited beds of the 
eastern oyster, Crassostrea virginica, and early restoration programs.  In: M. W. Luckenbach, 
R. Mann & J. A. Wesson, editors.  Oyster reef habitat restoration: a synopsis and synthesis of 
approaches.  Gloucester Point, VA: Virginia Institute of Marine Science Press.  pp. 25-46. 

Marshall, N.  1954.  Factors controlling the distribution of oysters in a neutral estuary.  Ecology 
35:322-327. 

Morris, L. J., R. W. Virnstein, J. D. Miller & L. M. Hall.  2000.  Monitoring seagrass changes in 
Indian River Lagoon, Florida using fixed transects.  In: S. A. Bortone, editor.  Seagrasses: 
monitoring, ecology, physiology, and management.  Boca Raton, FL: CRC Press.  pp. 167-
176. 

Newell, C. R.  1990.  The effects of mussel (Mytilus edulis, Linnaeus. 1758) position in seeded 
bottom patches on growth at subtidal lease sites in Maine.  J. Shellfish Res. 9:113-118. 

Powell, E. N., M. E. White, E. A. Wilson & S. M. Ray.  1987.  Small-scale spatial distribution of 
oysters (Crassostrea virginica) on oyster reefs.  Bull. Mar. Sci. 41:835-855. 

Stenzel, H. B.  1971.  Oysters.  In: R. C. Moore, editor.  Treatise on invertebrate paleontology, 
Part N (Bivalvia).  Boulder, CO: Geological Society of America.  pp. N953-N1224. 

Svane, I. & M.  Ompi.  1993.  Patch dynamics in beds of the blue mussel Mytilus edulis L.: 
effects of site, patch size, and position within a patch.  Ophelia 37:187-202. 

Virnstein, R. W.  2000.  Seagrass management in Indian River Lagoon, Florida: dealing with 
issues of scale.  Pacific Cons. Biol. 5:299-305. 

Wall, L., L. Walters, K. Johnson, N. Martinez & R. Grizzle.  2002.  Recruitment of the oyster 
Crassostrea virginica on intertidal reefs adjacent to waters with intense boating activity in 
the Indian River Lagoon, Florida.  National Shellfisheries Association 94th Annual Meeting, 
April 14-18, Mystic, CT.  J. Shellfish Res. 21:415-416 (abstract) 

Walters, L., A. Roman, J. Stiner & D. Weeks.  2001.  Water resources management plan, 
Canaveral National Seashore, Florida.  National Park Service, Canaveral National Seashore, 
Titusville, FL.  224 pp.  

Walters, L., K. Johnson, L. M. Wall, N. Martinez & R. Grizzle.  2002.  Shell movement and 
juvenile survival of the oyster Crassostrea virginica on intertidal reefs adjacent to waters 
with intense boating activity in the Indian River Lagoon, Florida.  National Shellfisheries 
Association 94th Annual Meeting, April 14-18, Mystic, CT.  J. Shellfish Res. 21: 439 
(abstract) 


