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Figure 3.8. RMS water height (proxy for wave energy) vs. turbidity during 

stream-gauge runoff periods (blue) and stream gauge resuspension periods (red) 

at Shipwreck. Minimum turbidity (5th percentile) trend-lines during runoff periods 

(blue line) and resuspension periods (red line), with corresponding R2 values. The 

dashed black line indicates the Class B water quality threshold. 
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Figure 3.9. Turbidity, deposition, and water height (tides) at Shipwreck, during 

period of elevated regional wave height in December of 2013.  
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3.4.4 Contributions to turbidity and deposition from runoff vs. resuspension. 

To make an estimate of the relative contributions to turbidity and 

deposition from runoff vs. resuspension, nephelometer turbidity and deposition 

data were binned into runoff and resuspension periods based the high-resolution 

stream gauge at the Shipwreck ephemeral stream outfall. Between 9/20/13 and 

12/31/13, resuspension contributed at least 7 times more to turbidity and 3 times 

more to deposition than runoff at the Shipwreck marine monitoring site (Figure 

3.10).  
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Figure 3.10. Contributions to turbidity and deposition from only resuspension 

(blue) and from runoff+resuspension (red) during the fall of 2013. 
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3.5 Discussion 

3.5.1 Processes affecting sediment dynamics at the shore and reef in St. John 

 In coastal marine areas surrounding small islands like St. John, sediment 

can be introduced into the water column via two general processes: runoff and 

resuspension. Transport of terrigenous sediment from the watershed to the marine 

environment is affected by sediment availability in the watershed and stream 

discharge (Fabricius et al., 2014; Ramos-Scharrón and Macdonald, 2007b). By 

introducing new terrigenous sediment to the marine environment, runoff can 

increase turbidity, and subsequently deposition if there is not sufficient energy in 

the water column to keep the particles in suspension (Hjulström, 1939).  

3.5.1.1 Runoff 

Runoff to the marine environment was relatively infrequent because of St. 

John’s temperate climate and small watersheds. Runoff consisted of short (median 

runoff duration: 2.5 hours) flushes separated by up to two weeks with no runoff. 

During runoff events, turbidity and deposition at shore sites adjacent to ephemeral 

stream outfalls increased by up to three orders of magnitude above background, 

but only remained elevated for short (minutes to hours) periods (Figure 3.3, 

Figure 3.4, Figure 3.5).  In contrast, elevated turbidity and deposition were not 

observed at reef sites (~0.6 km from ephemeral stream outfalls) during and 

immediately following (within hours) runoff events. However, benthic sediment 

composition at the reef sites were up to 30% terrigenous, so land-based sediment 

is eventually transported and deposited on the reefs, even if not immediately 

(minutes-hours-days) following runoff events. It is possible that terrigenous 
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sediment carried by runoff is either a) deposited in an area near the ephemeral 

stream outfall before reaching the reefs, or b) transported seaward of the reef 

monitoring sites prior to deposition. The latter scenario is unlikely because a 

temporary turbidity signal resulting from sediment transport across the reef 

monitoring sites was not observed following runoff. It is therefore more plausible 

that sediment introduced during runoff initially accumulates near the ephemeral 

stream outfall before some of this terrigenous sediment is resuspended, then 

transported and deposited at the reef sites.  

3.5.1.2 Runoff and Resuspension 

 Though the nephelometers did not record elevated turbidity 

measurements immediately following (within hours) runoff events at the reefs, 

during 13-day resolution crest gauge runoff periods median turbidity 

measurements were greater at both shore and reefs sites (compared to crest gauge 

resuspension periods); median turbidity measurements were ~2.8 times greater at 

Shipwreck, Sanders Bay, and Little Lameshur, and ~1.1-1.2 times greater at Coral 

Bay, North Reef, and South Reef during crest gauge runoff periods compared to 

resuspension periods. Greater median turbidity measurements during 13-day crest 

gauge runoff periods could theoretically be caused by 1) increased resuspension 

due to greater wave energy, 2) the high-magnitude but short-duration runoff 

induced sediment plumes (shore sites only), and/or 3) increased resuspension due 

to increased availability of recently introduced fine-terrigenous sediment. Because 

regional wave height was not elevated during the 13-day crest gauge runoff 

periods (relative to 13-day crest gauge resuspension periods), elevated turbidity 
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during runoff periods was not due to increased resuspension from greater wave 

energy. Additionally, short-duration high-magnitude runoff-induced turbidity 

spikes alone cannot explain the persistent elevated median turbidity over the 13-

day crest gauge runoff periods. When runoff events occur, marine turbidity can 

increase by over and order of magnitude but only for short (minutes-hours) 

periods. When short-duration runoff-induced turbidity spikes are averaged over 

the course of 13-day periods, the effect of runoff on turbidity is negligible. 

Studies on the Great Barrier Reef have suggested that resuspension of recently 

introduced terrigenous sediment can increase turbidity and deposition for days to 

weeks following a runoff event (Fabricius et al., 2013; Wolanski et al., 2008). 

However, elevated turbidity following the dissipation of a runoff induced 

sediment plume would only occur if sediment availability (rather than 

hydrodynamic energy) is the limiting factor for resuspension (Larcombe and 

Woolfe, 1999a). Our observations coupled with these findings on the Great 

Barrier Reef, suggest that increased availability of fine terrigenous sediment is the 

most plausible explanation to account for greater median turbidity during 13-day 

crest gauge runoff periods. In summary, after a runoff-induced sediment plume 

dissipates (within hours) turbidity may be elevated for weeks due to resuspension 

of fine terrigenous sediment introduced by runoff. In St. John, this means that 

even if watershed restoration efforts succeeded in eliminating the transport of 

sediment from the watershed to the marine environment, there may not be 

measureable improvements in water quality until the fine terrigenous sediment in 
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is removed from the system through advection or burial and is no longer available 

for resuspension.  

3.5.2 Factors affecting resuspension 

3.5.2.1 Wave energy 

The relationship between increased wave energy (wave orbital 

velocity/wave period/wave height) and increased resuspension (turbidity and 

deposition) is well documented (Fabricius et al., 2013; Larcombe and Woolfe, 

1999b; Ogston et al., 2004; Storlazzi et al., 2004).  As we expected, there were 

strong significant relationships between minimum turbidity values (5th percentile) 

and RMS water height (a proxy for wave energy) (Figure 3.8) during both runoff 

and resuspension periods, with minimum turbidity measurements during runoff 

periods being greater than those during resuspension periods. This suggests that 

during runoff periods, contributions to turbidity are a result of both resuspension 

and runoff. Accordingly, during resuspension periods, resuspension is the only 

process contributing to turbidity. Wave energy is not the only factor that affects 

resuspension/turbidity. Turbidity values greater than the minimum turbidity 

predicted by the RMS water height (wave energy) values suggest added 

contributions to turbidity from other factors that also affect resuspension/turbidity, 

such as currents, benthic grain size, and tides.    

3.5.2.2 Wave-tide interaction  

The effect of tides on turbidity is well documented. On the Great Barrier 

Reef, turbidity was 13% lower during weeks with the lowest tidal range compared 

to weeks with the highest tidal range (Fabricius et al., 2013) and in Molokai, 
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Hawaii, turbidity was highly correlated with tidal range (Ogston et al., 2004). We 

expected greater tidal range (and thus greater tidal currents) to increase sediment 

resuspension at our shallow shore sites. At one site (Shipwreck) turbidity and 

deposition peaked diurnally at low tide, but only during periods of above average 

regional wave height (Figure 3.9), and was not associated with tidal range. This 

pattern was observed at Shipwreck and not the other shoreline sites because the 

Shipwreck shoreline is located closer to the inlet of Coral Bay than other sites and 

is oriented facing the prevailing swell (Figure 3.1).  

When elevated wave height and low tide occur simultaneously, greater 

wave orbital velocities contact the seafloor and resuspend benthic sediments. 

Because wave orbital velocities decay exponentially with depth, the 0.5m increase 

in water height from low tide to high tide is sufficient to attenuate wave orbitals 

so that they do not have sufficient energy to resuspend benthic sediment when 

they reach the seafloor (Figure 3.9). During periods of average or below average 

wave height, even during low tide, sufficiently strong wave orbitals do not reach 

the seafloor and thus do not resuspend benthic sediment. Given a greater tidal 

range, and thus a lower low tide, it is probable that lower wave heights would 

result in resuspension. Similar to our findings, on reefs surrounding Ishigaki 

Island, Japan, turbidity and deposition increased during low tides, but not 

systematically at every low tide (Thomas and Ridd 2005). However, an 

association between high wave heights coupled with low tide, and turbidity and 

deposition spikes were not investigated (Thomas and Ridd, 2005). The pattern of 

peak resuspension at low tide (during periods of above average wave height) 
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observed in the USVI is opposite to the pattern of peak resuspension at high tides 

in Molokai, HI (Ogston et al., 2004; Presto et al., 2006; Storlazzi et al., 2004). 

The different patterns may be related to the presence of a shallow, partially 

exposed fringing reef crest in Molakai. During low tide the reef crest reduces 

wave energy on the reef flat. However, during high tide, the reef crest is 

submerged and waves are able to pass over the reef crest and onto the reef flat 

(Ogston et al., 2004; Presto et al., 2006; Storlazzi et al., 2004). In contrast, on St. 

John during low tides, wave orbitals contact the shallow seafloor and resuspend 

sediment because there are no physical structures to attenuate wave energy. On St. 

John, low tides effectively result in lower water depth. During low tides, greater 

wave orbitals can make contact with the seafloor and resuspend sediment. 

3.5.2.3 Benthic sediment grain size 

In addition to hydrodynamic energy, our study associated finer benthic 

sediments with increased turbidity. The strong significant correlation (R2= 0.80, 

p-value= 0.004) between percent benthic sediment less than 63µm (percent 

silt+clay) and turbidity at each site suggest that benthic sediment texture is an 

important factor contributing to turbidity (Figure 3.7). Finer grains are more 

easily resuspended than coarser grains and stay in suspension longer. 

Interestingly, out of the 8 sites, benthic sediment at Sanders bay contained the 

second highest fraction of silt and clay, yet mean turbidity measured at Sanders 

Bay was lower than 4 sites (Figure 3.7). This may be because dense rhizome 

networks from the macrophyte beds at Sanders Bay reduces resuspension by 

holding the fine sediment in place on the seafloor, and the macrophyte blades 
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attenuate hydrodynamic energy, which also reduces resuspension (Madsen et al., 

2001). While finer benthic sediments were associated with greater turbidity, 

confounding factors including macrophyte abundance and exposure to 

hydrodynamic energy also affected variability in turbidity between sites. 

3.5.3 Contributions to turbidity and deposition from runoff vs. resuspension 

The relative contributions of resuspension and runoff to turbidity and 

deposition varied spatially. While median turbidity and deposition were greatest 

at Coral Bay, max turbidity and deposition were greatest at Shipwreck (Figure 

3.2A, 3.2B). As the marine sedimentary response to runoff is very short-lived 

(minutes-hours), the greater median turbidity and deposition measured at Coral 

Bay indicate that resuspension contributes relatively more to turbidity and 

deposition than at Shipwreck. Compared to Coral Bay, the greater max turbidity 

and deposition at Shipwreck is a result of high magnitude spikes in turbidity and 

deposition caused by runoff. While max turbidity and deposition were greater 

during crest gauge runoff periods compared to resuspension periods at every site, 

at Coral Bay median turbidity was only slightly greater during runoff periods and 

deposition was less during runoff periods compared to resuspension periods 

(Figure 3.6A, 3.6B). Again, this indicates that runoff contributes relatively less to 

turbidity and deposition over longer periods (weeks to months) in Coral Bay, 

possibly because of effective watershed restoration and/or the presence of 

mangroves along the shoreline of Coral Bay Harbor.  

A more precise approach (use of the 10-min resolution stream gauge 

instead of the 13-day resolution crest gauges) to determine the relative 
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monitoring to separate natural variability of marine sediment dynamics from the 

effects of watershed development and restoration, and to evaluate the potential 

effectiveness of restoration. 

Anthropogenic activity associated with marine construction and marina 

use, such as dredging, and boat/ship traffic, would also increase turbidity and 

deposition (Bak, 1978, Brown et al., 1990; Jones, 2011). While watershed 

restoration appears to have reduced sediment transport to the marine environment, 

the proposed Summer’s End Group Mega Yacht Marina and The Sirius Resort 

and Marina would likely negate these improvements in water quality by 

indefinitely increasing resuspension and temporarily (6-17 months) increasing 

sediment laden watershed runoff (Summer’s End Group EAR, 2014a; Sirius 

Marina EAR, 2015). Construction of the proposed mega yacht marina would 

temporarily increase turbidity and deposition during both the land and marine 

phases of construction. Marine construction-related activities, such as the 

dredging and removal of 1,300 m3 of material, and the installation of 1,333 

concrete pilings, would increase resuspension by disturbing the fine benthic 

sediments found in Coral Bay (PIANC Report, 2010; Summer’s End Group EAR, 

2014b; Sirius Marina EAR, 2015). Over 35% of benthic sediment in Coral Bay 

Harbor is composed of silt and clay (Figure 3.7), and the mean current velocity in 

Coral Bay is 0.95 cm/s but can reach as high as 0.28 cm/s. When these fine 

particles are resuspended during construction, natural currents speeds in Coral 

Bay are sufficient to keep the finer particles in suspension indefinitely (Hjulström, 

1939). Although sediment runoff mitigation protocols would be employed, 
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vegetation removal and land clearing during the land phase of construction would 

expose large sources of easily erodible sediment, which would increase the 

potential for runoff induced sediment plumes (PIANC Report, 2010). 

Additionally, the developers have proposed to dispose of the sediment dredged 

from Coral Bay by dumping it on an upland parcel adjacent to Coral Bay (Sirius 

Marina EAR, 2015). This would provide another a large (thousands of cubic 

meters) source of fine, unconsolidated, easily-erodible sediment which would 

increase the potential for runoff-induced sediment plumes during rainfall events. 

From the proposed marina construction, we would expect higher magnitude 

spikes in turbidity and deposition following runoff events, and persistently 

elevated turbidity year round from prop-wash induced resuspension. 

Areas protected from strong currents and waves can accumulate large 

loads of fine sediment due to low removal rates (Larcombe and Wolfe, 1999a; 

Larcombe et al., 1995, Orpin et al., 2004). Of the eight sites in eastern St. John in 

which benthic sediment samples were collected during the Fall of 2013, the 

samples collected from Coral Bay contained the greatest fraction of silt and clay, 

due to low hydrodynamic energy in the bay and thus low removal rates. (Figure 

3.7). After construction is complete and the marina is in use, increased boat traffic 

(including mega-yachts) would also result in increased turbidity and deposition 

due to greater resuspension from prop-wash (the disturbed mass of water pushed 

by the propeller of a watercraft) induced scouring of fine benthic sediment 

(PIANC Report, 2010). Due to the relatively low (lowest mean RMS water height 

of shore sites in St. John) hydrodynamic energy in Coral Bay Harbor, benthic 
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sediments resuspended by prop-wash scouring are unlikely to be advected to 

another area outside of the bay, and instead would either stay in suspension or 

deposit back on the seafloor. With regular traffic of large boats such as mega-

yachts, this would result in repeated cycles of resuspension and deposition. At 6.4 

mg/L, median turbidity in Coral Bay is above the Class B water quality threshold 

of 5.8 mg/L. An increase in boat traffic and thus resuspension, would push 

turbidity levels in Coral Bay further above the Class B water quality threshold for 

turbidity.   

Although studies have concluded that watershed scale sediment yield has 

decreased since restoration was completed in 2011 (Gray et al., 2016), statistically 

significant decreases in sediment trap accumulation rates have not yet been 

measured (Sears, 2015). Due to the dominating role of resuspension in St. John 

(Figure 3.10), which produce high variability (and thus a low signal to noise ratio) 

in sediment accumulation, it is difficult to resolve statistically significant post-

restoration decreases in sediment accumulation. Reducing sediment yield though 

improved watershed management practices should lead to improved coastal water 

quality in St. John, but on a time-frame that is currently not fully understood.   
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3.6 Future research 

 Research to investigate the residence time of terrigenous sediments in bays 

would provide crucial data to determine the lag time between watershed 

restoration and improved water quality at marine shore and reef areas. It would 

also be beneficial to measure the turbidity and discharge of ephemeral stream 

effluent in order to quantify the total mass of land-based sediment transported to 

the marine environment. 
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3.7 Conclusion 

To monitor the impact of marine and watershed development and the 

effectiveness of watershed restoration on marine sedimentation we must first 

understand the processes that affect marine sediment dynamics. Though previous 

studies have used sediment traps and sediment cores to measure marine 

sedimentation over longer periods (weeks-centuries), this is the first study to 

monitor marine turbidity and determine the relative contributions to turbidity and 

deposition from runoff and resuspension at the time-scale of minutes-days in St. 

John. 

Our analysis supports the following conclusions: 

1. Compared to marine areas below minimally developed watersheds, watershed 

development was associated with greater marine turbidity and deposition, 

likely due to greater rates of erosion on abundant unpaved roads in the 

developed watersheds and the subsequent transport of sediment to the marine 

environment where fine terrigenous grains are easily resuspended. While other 

studies have found marine deposition to be greater below developed 

watersheds over longer periods (months-years) in St. John, this is the first 

study to demonstrate that turbidity and deposition were greater below 

developed watersheds during short-lived (minutes-hours) runoff events. 

2. Runoff events were characterized by high-magnitude but short-duration 

(minutes-hours) spikes in turbidity (SSC) and deposition which were up to 

550mg/L and 140mg/cm2 (900 and 17,000 times background), respectively. 

Compared to runoff, resuspension of benthic sediment typically resulted in 
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lower-magnitude but longer-term (hours-weeks-months) turbidity and 

deposition which were up to 104mg/L and 160mg/cm2 (60 and 4500 times 

background), respectively. 

3. Though spatially variable, data from our study show that resuspension 

contributed at least seven times more to turbidity and three times more to 

deposition than runoff. Because resuspension is the primary mechanism 

contributing to turbidity and deposition, watershed restoration may not 

immediately result in statistically significant reductions in marine 

sedimentation. We would not expect to see improved water quality until the 

terrigenous sediment has worked its way out of the system through advection 

or burial and is no longer available for resuspension. However, this study of 

marine sediment dynamics was conducted after completion of the ARRA 

watershed restoration. It is possible that prior to restoration, contributions to 

turbidity and deposition from runoff, relative to resuspension, were greater. 

Activities that increase resuspension, such as marina construction related 

destruction of macrophyte beds and boat prop-wash, could potentially negate 

improvements from ARRA watershed restoration. 

4. The main factors that explained the spatial variability in the magnitude of the 

marine sedimentary response to runoff included the degree of watershed 

development, and possibly ARRA watershed restoration. Resuspension-

induced turbidity and deposition were associated with hydrodynamic energy 

caused by waves during low tides, finer benthic sediment grain size, and also 

low macrophyte abundance. 
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Finally, this study highlights the need for long time-series monitoring 

using multiple lines of evidence to separate the effects of watershed development 

and restoration from the natural variability of marine sediment dynamics. 
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Chapter 4: Conclusion 

Previous studies in St. John have measured marine sedimentation over 

time scales of months-centuries. However, this is the first study in St. John to 

monitor turbidity and deposition over shorter time-scales (minutes-days), to 

isolate contributions to turbidity and deposition from runoff and resuspension, and 

to directly compare time-integrated sediment trap monitoring to high-resolution 

nephelometer monitoring. 

• Consistent with previous studies, our data show that there was greater 

turbidity and deposition at shore and reef sites below developed watersheds 

over short duration (min-days) runoff events, and over longer periods 

(months) due to high availability of fine easily resuspended sediment. 

• Resuspension was associated with above average wave height during low 

tides and finer benthic sediment, and contributed at least 7 times more to 

turbidity and 3 times more to deposition than runoff.  

o This study of marine sediment dynamics was conducted post 

restoration, so prior to restoration contributions to turbidity and 

deposition from runoff may have been greater than this study shows. 

Unfortunately, we have been able to determine that from our pre and 

post restoration sediment trap time series because any reductions in 

contributions to sediment trap accumulation from runoff are lost in 

the variability of sediment trap accumulation from resuspension. 

o Watershed restoration may not immediately result in measureable 

reductions in marine sedimentation. We would not expect to see 
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improved water quality until the terrigenous sediment has worked its 

way out of the system through advection or burial and is no longer 

available for resuspension. 

o A key question is how long it will take for fine sediment to work their 

way out of the system. Ongoing studies in St. John are using short-

lived radio isotopes to determine the residence time of sediment at 

our shore and reef sites. 

• Activities that increase resuspension, such as marina construction related 

destruction of macrophyte beds and boat prop-wash, could potentially 

negate improvements from ARRA watershed restoration by remobilizing 

and resuspending buried sediment. 

• While sediment traps are effectively recording relative changes in 

sedimentation over longer periods, sediment traps cannot record important 

short time-scale variability, and cannot separate contributions to sediment 

trap accumulation from runoff vs resuspension. 

o This makes it difficult to monitor restoration induced changes in 

watershed runoff using sediment traps. However, anecdotal evidence 

suggests there has been a noticeable improvement in water quality 

following major storms, and preliminary data shows that there have 

been significant declines in % terrigenous sediment as well as the % 

clay. These findings may indicate that fine terrigenous sediments are 

being worked out of the system, however, this stage of recovery has 

yet to be reflected in sediment trap accumulation rates. 
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Finally, this study highlights the need for long time-series monitoring using 

multiple lines of evidence to separate the effects of watershed development and 

restoration from the natural variability of marine sediment dynamics. 
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Appendix 

 

Appendix A. Data availability of Sediment Traps (and collection/deployment 

dates), Nephelometers, Crest Gauges, and the stream gauge during the Fall of 

2013. *L1-2 deposition sensor saturation during low tides at mid-day. Stipled 

areas correspond to matching crest gauge runoff (11/2/13 – 11/26/13) and 

resuspension (10/12/13 – 10/23/13) periods used for inter-site comparison. **C-

12 deposition sensors used for turbidty measurements from 9/11/13 on. ***C-10B 

turbidty data removed from 11/26/13 on, and deposition data removed from 

12/11/13 on. ****C-5 deposition sensor saturation during low tides at mid day, 

deposition sensors used for turbidty measurements from 11/26/13 on. Due to 

intermentent neph deployment, data from Y-1 and L1-2 were not used for some 

analyses. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7/24 8/20 9/17 10/11 11/6
12/7

12/30

7/24 8/20 9/17 10/11 11/6 12/7 12/30

7/24 8/20 9/17 10/11 11/6 12/7 12/30

7/24 8/20 9/17 10/11 11/6 12/19 12/30

7/24 8/20 9/17 10/11 11/6 12/19 12/30

7/26 8/22 9/15 10/13 11/8 12/2 1/2

7/26 8/22 9/15 10/12 11/8 12/2 1/2

7/26 8/22 9/15 10/13 11/8 12/2 1/2

7/24/13 8/11/13 8/29/13 9/16/13 10/4/13 10/22/13 11/9/13 11/27/13 12/15/13 1/2/14

Y-1	Trap

Y-1	Neph

L2-6	Trap

L2-6	Neph

L2-6	Crest	Gauge

L1-2	Trap

L1-2	Neph*

C-12	Trap

C-12	Neph**

C-11	Trap

C-11	Neph

C-10B	Trap

C-10B	Neph***

C-10B	Crest	Gauge

C-5	Trap

C-5	Neph****

C-5	Crest	Gauge

C-3B	Trap

C-3B	Neph

C-3B	Stream	Gauge

Dplymt/Rcvry
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Appendix B. Deployment intervals, time averaged nephelometer turbidity and 

deposition values, variance and range of turbidity and deposition values, and 

sediment trap accumulate rates at each site during the Fall of 2013  

 
 

  
 

 

 

 

 

 

 

Sediment Trap

Site
Deployment 

Date

Recovery 

Date

Average 

Turbidity 

(mg/L)

Turbidity 

Variance

Turbidity 

Range

Average 

Deposition 

(mg/cm2) 

Deposition 

Variance

Deposition 

Range

Accumulation 

Rate 

(mg/cm
2

/day)

7/24/13 8/20/13 1.73 1.47 10.32 0.03 0.004 0.77 28.84

8/20/13 9/17/13 1.16 0.70 8.35 0.15 0.24 18.79 10.20

9/17/13 10/11/13 0.88 0.54 15.62 0.05 0.04 5.80

10/11/13 11/6/13 2.62 16.55 67.47 0.07 0.62 36.65 50.99

11/6/13 12/7/13 5.84 214.06 553.21 0.17 14.60 140.98 143.54

12/7/13 12/30/13 13.53 228.88 163.42 1.31 68.41 162.25 415.79

7/24/13 8/20/13 8.00 19.79 53.00 0.07 0.02 3.47 8.28

8/20/13 9/17/13 7.61 13.87 44.48 0.10 0.07 4.23 6.95

9/17/13 10/11/13 7.75 107.42 176.54 0.28 0.44 5.95 8.18

10/11/13 11/6/13 9.59 103.33 163.44 0.34 0.62 5.88 18.72

11/6/13 12/7/13 28.53 2372.39 488.66 0.69 3.65 95.16 20.22

12/7/13 12/30/13 19.30 337.77 222.12 0.18 0.12 3.14 13.74

7/24/13 8/20/13 1.59 0.83 7.84 0.04 0.01 2.11 5.20

8/20/13 9/17/13 0.99 0.39 5.17 0.03 0.02 3.00 2.52

9/17/13 10/11/13 0.97 0.33 4.84 0.03 0.04 7.67 2.88

10/11/13 11/6/13 1.60 0.93 15.22 0.04 0.01 7.67 7.32

11/6/13 12/19/13 1.99 2.18 20.13 0.19 0.16 8.68 12.64

7/26/13
☐

8/22/13 0.58 0.49 5.64 0.38 1.19 8.71 1.49

8/22/13 9/15/13
☐

0.15 0.03 4.65 0.22 0.54 8.33 1.26

9/15/13 10/13/13 0.24 0.03 3.44 0.05 0.09 10.60 1.14

10/13/13 11/8/13 0.64 0.21 4.52 0.10 0.13 11.50 2.15

11/8/13 12/2/13 2.00 7.29 33.94 2.29 29.34 51.08 3.28

7/26/13
☐

8/22/13 0.98 3.86 39.58 0.02 0.00 0.98 3.35

8/22/13 9/15/13
▲

0.87 3.67 38.87 0.05 0.09 4.35 2.76

9/15/13 10/13/13 0.86 1.33 41.49 0.03 0.01 2.93 4.20

10/13/13 11/8/213
■

1.04 0.93 11.77 0.03 0.02 2.10 5.49

11/8/13 12/2/13 8.98

12/2/13
●

1/2/14 2.83 1.05 13.24 0.30 0.33 6.03 6.81
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Nephelometer

☐☐  
neph data starts 8/6/13

☐

neph data ends 8/31/13
☐

neph data stars 8/6/13
▲

neph data ends 8/31/13
■

neph data ends 10/27/13
● 

neph data starts 12/13/17
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Appendix C. Timing, total duration, max stage height, mean stage height, and 

total rainfall during runoff events of the Fall 2013 rainy season. *no rain data 

available 

 

Date-Time 

(Begin) 

Date-Time 

(End) 

Duration 

(hours) 

Max 

Stage (m) 

Mean 

Stage (m) 

Rainfall 

During Runoff 

Event (mm) 

10/5/13 1:13 10/5/13 1:33 0.33 0.17 0.10 * 

10/9/13 20:43 10/9/13 22:33 1.83 0.21 0.11 * 

10/10/13 7:23 10/10/13 8:33 1.17 0.28 0.11 * 

10/29/13 3:03 10/29/13 3:53 0.83 0.21 0.12 18.2 

11/1/13 1:43 11/1/13 2:13 0.50 0.10 0.09 3.4 

11/2/13 7:53 11/2/13 10:33 2.67 0.17 0.12 8.8 

11/2/13 13:53 11/2/13 21:03 7.17 0.24 0.07 18.6 

11/2/13 21:43 11/3/13 6:33 8.83 0.17 0.04 15.2 

11/3/13 7:23 11/4/13 1:03 17.67 0.31 0.07 19.8 

11/4/13 1:33 11/5/13 0:03 22.50 0.38 0.09 29.2 

11/6/13 10:33 11/6/13 18:23 7.83 0.24 0.04 14.0 

11/21/13 3:03 11/21/13 23:43 20.67 0.73 0.17 86.4 

11/25/13 9:13 11/25/13 9:43 0.50 0.07 0.04 2.8 

11/28/13 7:03 11/28/13 7:33 0.50 0.07 0.04 2.8 

11/29/13 8:13 11/29/13 10:43 2.50 0.10 0.06 6.0 

11/30/13 5:33 11/30/13 7:43 2.17 0.10 0.04 3.8 

11/30/13 18:23 12/1/13 22:33 28.17 0.38 0.14 43.6 

12/3/13 13:53 12/3/13 14:33 0.67 0.14 0.08 5.2 

12/5/13 6:23 12/6/13 7:43 25.33 0.24 0.07 13.4 

12/8/13 4:53 12/8/13 5:23 0.50 0.14 0.09 8.0 

12/24/13 16:13 12/24/13 21:23 5.17 0.38 0.10 39.6 
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Appendix D. Location, water depth, environment, watershed classification, and 

runoff monitoring instruments at each monitoring site 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Name Site ID Latitude Longitude
Water 

Depth (m)
Environment

Watershed 

Classification

Runoff 

Monitoring

Coral Bay C-5 18.34658 -64.71415 0.6 Shore Developed Crest Gauge

Sanders Bay C-10B 18.33645 -64.71222 1.3 Shore
Minimally 

Developed
Crest Gauge

Shipwreck C-3B 18.33025 -64.70707 1.6 Shore Developed Stream Gauge

North Reef C-11 18.33797 -64.70402 11 Reef Developed NA

South Reef C-12 18.33363 -64.70120 7 Reef Developed NA

Little Lameshur L2-6 18.31910 -64.72802 1.4 Shore
Minimally 

Developed
Crest Gauge

Great Lameshur L1-2 18.31872 -64.72413 1.7 Shore
Minimally 

Developed
Crest Gauge

Yawzi Y-1 18.31517 -64.72520 6.1 Reef
Minimally 

Developed
NA
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Appendix E. % of benthic sediment <63μm (silt+clay) at each site during each 

collection/deployment 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lameshur 

Bays
Coral Bay 

Coral 

Bay

(C-5)

Shipwreck 

(C-3B)

Sanders 

Bay

(C-10B)

North 

Reef 

(C-11)

South 

Reef

(C-12)

Little 

Lameshur 

(L2-6)

Great 

Lameshur 

(L1-2)

Yawzi

(Y-1)

8/22/13 8/20/13 29.3 15.8 25.9 15.5 5.6 15.5 25.5 2.9

9/15/13 9/17/13 32.0 10.6 19.0 15.6 4.5 8.6 13.2 4.3

10/13/13 10/11/13 37.3 12.7 37.3 15.9 1.8 5.7 63.6 6.5

11/8/13 11/6/13 43.0 14.1 11.3 17.7 5.3 6.1 21.8 2.3

12/2/13 *12/7/13 35.9 10.9 17.2 17.9 1.2 3.3 14.7 3.4

1/2/14 12/30/13 42.6 20.9 14.0 5.6 4.2 7.7 4.0

36.7 14.2 20.8 14.7 3.7 7.2 24.4 3.9

*Collected on 12/19/13 at C-12

Average:

Collection Dates Coral Bay Sites (% <63µm) Lameshur Bay Sites (% <63µm)
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Appendix F. Crest gauge periods with and without runoff 

*Brown bold font indicates dates when crest gauges in Coral Bay were checked, 

green bold font indicate dates when the Lameshur crest gauge was checked 

 

Runoff Period? Yes(y)/No(n) 

Date* 
Shipwreck 

(C-3B) 

Coral Bay 

(C-5) 

Sanders Bay 

(C-10B) 

Little Lameshur 

(L2-6) 

8/20/13 y n y y 

8/21/13 y n n y 

8/22/13 y n n y 

8/23/13 y n n y 

8/24/13 y n n y 

8/25/13 y n n y 

8/26/13 y n n y 

8/27/13 y n n y 

8/28/13 y n n y 

8/29/13 y n n y 

8/30/13 n n n y 

8/31/13 n n n y 

9/1/13 n n n y 

9/2/13 n n n y 

9/3/13 y n y y 

9/4/13 y n y y 

9/5/13 y n y y 

9/6/13 y n y y 

9/7/13 y n y y 

9/8/13 y n y y 

9/9/13 y n y y 

9/10/13 y n y y 

9/11/13 y n y y 

9/12/13 y n y y 

9/13/13 y n y y 

9/14/13 y n y y 

9/15/13 y n y y 

9/16/13 y n y y 

9/17/13 y n y y 

9/18/13 y n y y 

9/19/13 y n y y 

9/20/13 y n y n 

9/21/13 y n y n 

9/22/13 y n y n 
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Runoff Period? Yes(y)/No(n) 

Date* 
Shipwreck 

(C-3B) 

Coral Bay 

(C-5) 

Sanders Bay 

(C-10B) 

Little Lameshur 

(L2-6) 

9/23/13 y n y n 

9/24/13 y n y n 

9/25/13 y n y n 

9/26/13 y n y n 

9/27/13 y n y n 

9/28/13 y n y n 

9/29/13 y n y n 

9/30/13 y n y n 

10/1/13 y n y n 

10/2/13 y n y n 

10/3/13 y n y n 

10/4/13 y n y n 

10/5/13 y n y n 

10/6/13 y n y n 

10/7/13 y n y n 

10/8/13 y n y n 

10/9/13 y n y n 

10/10/13 y n y n 

10/11/13 y n y n 

10/12/13 n n n n 

10/13/13 n n n n 

10/14/13 n n n n 

10/15/13 n n n n 

10/16/13 n n n n 

10/17/13 n n n n 

10/18/13 n n n n 

10/19/13 n n n n 

10/20/13 n n n n 

10/21/13 n n n n 

10/22/13 n n n n 

10/23/13 n n n n 

10/24/13 n n n y 

10/25/13 y n n y 

10/26/13 y n n y 

10/27/13 y n n y 

10/28/13 y n n y 

10/29/13 y n n y 
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Runoff Period? Yes(y)/No(n) 

Date* 
Shipwreck 

(C-3B) 

Coral Bay 

(C-5) 

Sanders Bay 

(C-10B) 

Little Lameshur 

(L2-6) 

10/30/13 y n n y 

10/31/13 y n n y 

11/1/13 y n n y 

11/2/13 y y y y 

11/3/13 y y y y 

11/4/13 y y y y 

11/5/13 y y y y 

11/6/13 y y y y 

11/7/13 y y y y 

11/8/13 y y y y 

11/9/13 y y y y 

11/10/13 y y y y 

11/11/13 y y y y 

11/12/13 y y y y 

11/13/13 y y y y 

11/14/13 y y y y 

11/15/13 y y y y 

11/16/13 y y y y 

11/17/13 y y y y 

11/18/13 y y y y 

11/19/13 y y y y 

11/20/13 y y y y 

11/21/13 y y y y 

11/22/13 y y y y 

11/23/13 y y y y 

11/24/13 y y y y 

11/25/13 y y y y 

11/26/13 y y y y 

11/27/13 y y y y 

11/28/13 y y y y 

11/29/13 y y y y 

11/30/13 y y y y 

12/1/13 y y y y 

12/2/13 y y y y 

12/3/13 y n n y 

12/4/13 y n n y 

12/5/13 y n n y 



 98 

Runoff Period? Yes(y)/No(n) 

Date* 
Shipwreck 

(C-3B) 

Coral Bay 

(C-5) 

Sanders Bay 

(C-10B) 

Little Lameshur 

(L2-6) 

12/6/13 y n n y 

12/7/13 y n n y 

12/8/13 y n n y 

12/9/13 y n n y 

12/10/13 y n n y 

12/11/13 y n n y 

12/12/13 y n n y 

12/13/13 y n n y 

12/14/13 y n n y 

12/15/13 y n n y 

12/16/13 y n y y 

12/17/13 y n y y 

12/18/13 y n y y 

12/19/13 y n y y 

12/20/13 y n y y 

12/21/13 y n y y 

12/22/13 y n y y 

12/23/13 y n y y 

12/24/13 y n y y 

12/25/13 y n y y 

12/26/13 y n y y 

12/27/13 y n y y 

12/28/13 y n y y 

12/29/13 y n y y 

12/30/13 y n y y 

12/31/13 y n y y 

1/1/14 y n y y 

1/2/14 y n y y 

1/3/14 y n y y 

1/4/14 y n y y 

1/5/14 y n y y 

1/6/14 y n y y 

1/7/14 y n y y 

1/8/14 y n y y 

1/9/14 y n y y 

1/10/14 y n y y 

1/11/14 y 

 

y y 
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