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Presenter
Presentation Notes
This presentation was sponsored by the Friends of Virgin Islands National Park in coordination with the National Park Service.This presentation was given at the Cruz Bay Visitor’s Centre of Virgin Islands National Park and Virgin Islands Coral Reef National Monument on 9 December 2019 at 5:30 AST. The presentation lasted about 70 minutes, and it was followed by questions lasting approximately 25 minutes.Audience members were comprised of local residents, including tour operators, home owners, university scientists, school teachers, and school administrators as well as staff from the National Park Service, U.S. Fish and Wildlife Service, U.S. Geological Survey, and several Non-Governmental Organizations (NGOs) interested in resource protection and recovery of the mangrove in the U.S. Virgin Islands in the wake of Hurricanes Irma and Maria. 
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- No notes provided.



What are mangroves?
- Tidal saltwater forested wetlands
- 137,600 km2

newswatch.nationalgeographic.org

K.W. Krauss, Kosrae, Micronesia

- Losses of mangroves have historically been high

General overview of mangroves and hurricanes 1

Presenter
Presentation Notes
Provided a general introduction to mangroves with a little information about current global area (137,600 km2; source: Bunting et al. 2018, Remote Sensing. v. 10, issue 10, Article1669).Most mangrove loss globally has been from large-scale agricultural operations (shrimp ponds, oil palm plantations, etc.), and losses of mangroves have historically been high - More on that later.We should differentiate drivers of mangrove loss from sustainable management of mangroves, such as for fuel wood, construction, or other silvicultural operations (common in Malaysia, Ecuador, Colombia, etc.), which are important to residents in many developing nations.



Mangrove ecosystem goods and services

• Timber and forest products
• Fisheries
• Nutrient and sediment removal
• Coastal protection
• Carbon storage

nps.gov

General overview of mangroves and hurricanes 1

Presenter
Presentation Notes
Provided examples of each one of these goods and services.Differentiated “fisheries” into direct benefits of providing nurseries and protections for fish from indirect benefits, such as export of internally generated organic matter that feeds biogeochemical reactions in the estuary to support food web structure. Mentioned the “Outwelling Hypothesis”.Larger mangrove areas likely provide the best protections from storms; however, even areas with small mangrove bands, such as St. John, benefit from normal wave protections and erosion reductions from wind and boat waves.Mangroves (along with saltmarshes) are very good at taking up CO2 from the atmosphere, committing the C from CO2 to biomass, and storing that C biomass long-term, especially in the soils where decomposition can be low from reduced oxygen diffusion. Mangroves are considered “blue carbon” ecosystems (see: Lovelock and Duarte 2019, Biology Letters, v. 15, Article 20180781). 



Let’s add a positive note…

Valiela et al. (2001) = 2.07 %/year
Duke et al. (2007) = 1-2 %/year

FAO (2007) = 1-3 %/year

However, awareness campaigns, protective 
measures, and mangrove restoration projects have 
changed these trends over the last few decades….

1980s = 1.04 %/year*

1990s = 0.72 %/year*

2000s = 0.2 - 0.7 %/year**

*Spalding et al. (2010) World Atlas of Mangroves, **Hamilton & Casey (2016) Glob Ecol Biogeogr 25: 729-738

Top 10 countries with the 
highest annual total losses**

1General overview of mangroves and hurricanes

Presenter
Presentation Notes
Reminder that historically, mangrove losses were high globally (1-3 %/year, as per the first three references listed).Currently, restoration efforts, greater protections, and awareness campaigns associated with mangroves have slowed losses (source: Friess et al. 2019, Annual Review of Environment and Resources, v. 44, p. 89-115). Also, mangroves are expanding into warm temperate regions of the world in places like the northern Gulf of Mexico coast of the US, along the Atlantic Coast of the US, and in southern Australia.Mention of new trends by decade: 1980s, 1990s, and 2000s.While this is an important success story to tell, it is also critical that we do not let up. Gains made can be lost through simple political shifts, or attitudes, especially in foreign countries where laws are sometimes in place but are not sufficiently enforced. Note that the US ranks among the top 10 countries with the highest annual mangrove losses.



General overview of mangroves and hurricanes

How many of you have heard that mangroves are “disturbance-adapted”?

Possible reasons: 

(1) Mangroves often recover over time

1992 2001

Recovery dependent on: 
- Intensity of hurricane

- Regeneration
- Soil surface elevation loss/gain

1

Broad River, Everglades

Presenter
Presentation Notes
When the audience at Cruz Bay (9 December, 2019) was asked this first question, about half raised their hand.Note that 45% of all reported disturbances to mangroves in the global literature have been cyclone-based (aka, hurricane) (source: Sippo et al. 2018, Estuarine, Coastal and Shelf Science, v. 215, p. 241-249). Hurricanes are a big topic.Photos comparing circa 1993 post-Hurricane Andrew with a nearby location (not exact same location) in 2004. Note the smaller size classes, regeneration, and woody debris in the 2004 photo showing legacies of past hurricane impact.We found that among 9 studies reviewed from the greater Caribbean region, that mortality of mangrove trees ranged from 2 to 90%, with an average mortality of 42%, with SD of 30%.Intensity of hurricane – a Category 3 storm or higher will result in damage that looks visually catastrophic to mangroves, but note that is often is not.Regeneration – mention the regeneration systems of advance regeneration, post-storm seeding, and re-sprouting.Soil surface elevation loss/gain – will address this a little better later, but briefly explained, hurricanes that kill a significant amount of the trees also result in a reduction in root growth into soils. New root growth into soils is an important mechanism used to replace roots and other organic matter that decompose in mangrove soils. Note that even though decomposition is slow in mangroves, it does occur. Therefore, if recovery of new root growth is delayed too long after a storm (or harvesting event), “peat collapse” may result (see: Chambers et al. 2019, Ecology, v. 100, issue 7, Article e02720).Peat collapse can lower the soil surface elevation of the mangrove forest below its normal intertidal position and cause area losses. Rapid recovery of a mangrove forest often prevents collapse.



Possible reasons: 

(2) Reproductive (and productivity) strategies appear 
to embrace storms

http://www.mangrove.at/rhizop
hora-mangle_red-
mangrove.html

https://www.tedleeeubanksphotography.
com/Client-Galleries/Jamaica/i-8Dc96L7

https://naturalhistory2.si.edu/smsfp/irlspec
/Lagunc_racemo.htm

Adame et al. 2013. Biotropica 45, 147–154

Some have suggested 
that peak production of 
propagules in 
Neotropical mangroves 
coincide by design with 
greater tropical storm 
activity (Aug – Oct)

General overview of mangroves and hurricanes 1

Tropical storm index

Presenter
Presentation Notes
Explain vivipary, and what it technically is and does. Example of propagules falling from tree and embedding under tree probably is not as frequent as suggested by nature shows. Dispersal away from the parent tree is the goal for mangroves (and most plant species).Explain the idea that productivity (in this case litter fall – leaf, reproductive parts - from the canopy of disturbed mangroves in Mexico) can be related to storm frequency, and how that could relate to propagule production as part of litter fall. 1 on x-axis equals low disturbance frequency; 4 on x-axis equals high disturbance frequency.Propagule production may coincide by design with storm activity in the Caribbean (source: Roth 1992, Biotropica, v. 24, p. 375-384). Other references suggest this relationship as well, and it is often mentioned casually among scientists. Not sure this adaptation has been widely shown just yet. It could just be coincidental with the warmest weather driving both.

http://www.mangrove.at/rhizophora-mangle_red-mangrove.html
https://www.tedleeeubanksphotography.com/Client-Galleries/Jamaica/i-8Dc96L7
https://naturalhistory2.si.edu/smsfp/irlspec/Lagunc_racemo.htm


If tropical storms of all intensities are included, Puerto Rico is affected by approximately 50 per century

General overview of mangroves and hurricanes 1

Krauss and Osland 2019. Annals of Botany, in press, doi:10.1093/aob/mcz161

Presenter
Presentation Notes
Only about half of the mangroves in the world are actually affected by tropical storms, cyclones, typhoons, or hurricanes. Caribbean is an especially active area.The notion of disturbance adaptation would refer currently to those areas with intense tropical storm activity; however, consider that mangroves have been around since at least the Paleocene (~56-66 MY) moving into and out of areas with hurricanes as continental plates moved and sea levels varied drastically.Closest tropical storm impact frequency I could find for St. John was from Puerto Rico (source: Lugo 2000, Science of the Total Environment, v. 262, p. 243-251). 



Very important to note, therefore, that mangroves are heavily affected by singular hurricane events

General overview of mangroves and hurricanes

Most mangroves within 
repetitive storm-track areas 
have sustained hurricane 
damage previously and 

have already recovered to 
what they are now

This leads to two questions: 
(1) What limits recovery?

(2) How can we help?

1

Krauss and Osland 2019. Annals of Botany, in press, doi:10.1093/aob/mcz161

Presenter
Presentation Notes
Diagram presented to show how scientists think about hurricane impacts to mangroves (and other ecosystems), and the complexities that need to be considered.Note that storm impacts leave legacies (e.g., woody debris, broken trees, sediment accumulation, etc.) that are an important part of a “disturbance-adapted” ecosystem.In other words, being disturbance-adapted does not imply resistance; rather it implies that the system has developed adaptations to overcome individual hurricane disturbances in time, especially if left in their natural state.For mangroves, they must recover from major structural damage. That damage is very evident on St. John.



Of concern to us…

What happens if 
hurricane 
frequency 
increases?

What happens if 
mangroves are not 
healthy when a 
hurricane strikes?

after, Dutta et 
al. 2015. Nat. 
Hazards 79, 
775–790

after, Lewis et al. 
2016. Marine 
Pollution Bulletin 
109, 764–771

aka. “Mangrove Heart Attack”

1

Presenter
Presentation Notes
It is important to mention two concerns that we often have related to mangroves and hurricanes,(1) Will the frequency of storms increase in the future? Will the intensity of individual storms increase in the future? This is a source of much discussion among climate scientists, but it is important to note here that increased frequency or intensity could influence recovery of mangroves as we understand it. The example shown is from the Sundarbans, where three cyclones influenced this system in three subsequent years. Will this become the normal course in the future?(2) What is the health of the mangrove ecosystem when a hurricane affects it? If a mangrove in compromised before a hurricane, its recovery is made more difficult. Discussion of “mangrove heart attacks” (see reference). Hurricanes could be the final driver of loss if the mangrove is suffering from stress already; most common type of stress in mangroves is related to altered hydrology. A potential case of this may relate to the Annaberg mangroves (St. John), at least in parts of that mangrove wetland.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

Main focus of this U.S. Geological Survey science program is to assess the damage to the mangrove 
resource on St. John from the 2017 hurricane season, and assess the potential for recovery.  

Photos from CS Rogers 2019. Diversity 11, Article I30

Before After Before After

We measured characteristics of the mangrove forests and soils in two trips to St. John, 10-14 months 
after Hurricanes Irma/Maria, and re-constructed pre-hurricane forest structure to determine impact of 

the hurricanes.

Presenter
Presentation Notes
Why did we focus on St. John and not St. Thomas, or St. Croix, or Tortola? A lot of our rationale for working in St. John originally was because we saw this as follow-up work to Dr. Caroline Roger’s research on mangroves and corals at Hurricane Hole on St. John. See before and after pictures.The USGS does plan to support university-led (University of the Virgin Islands) recovery assessments on St. Thomas and St. Croix using similar experimental designs to match what was done on St. John. That way, recovery can be tracked among all three islands over the next decade or more.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

St. John - Mangroves cover an area of ~45 ha

- Occupy ~11 km of shoreline (or 12%)

- At least three different types of 
mangrove forests on St. John (typology)

Isolated basin

Salt pond
Fringe

- Height range of 4 – 11 m tall

Presenter
Presentation Notes
Image comes from photography flown after Hurricanes Irma and Maria, with the mangrove cover in 2012 depicted.Mangroves are in red, and are obscured by the boundary lines of the National Park around Hurricane Hole. We need to fix that.Important to note that mangroves on St. John structurally match many of the mangroves located in other places in the Caribbean, including parts of south Florida. Heights used as an example.Mangroves occur in at least three distinctive typologies on St. John: Isolated Basin, Salt Pond, and Fringe.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

Isolated basin

Road

Ocean
Mixed mangrove

species

Rhizophora

Upland

- Two sites, both at Annaberg

- Typically flooded by the highest of tides, or significant rainfall events 
with water retention

Annaberg East (Plot 701)

Presenter
Presentation Notes
Conceptual diagram of an Isolated Basin mangrove on St. John.Picture from a basin mangrove in south Florida dominated by Rhizophora mangle, as they did at Annaberg before the hurricanes. [We had no pictures of Annaberg before the hurricanes]Diameter data (as dbh, or “diameter at breast height” taken at approximately 1.3 m above ground) from one plot as re-constructed to reflect pre-hurricane dbh distributions over a circular area of 0.01 ha at Annaberg.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

Salt pond

PondUpland

Sand berm OceanLaguncularia
Avicennia

Francis Pond (Plot 443)

Francis Pond Lameshur

- Two sites (Francis Pond, Lameshur)

- Ponds permanently flooded with various 
connections to the ocean

- Both sites selected on St. John were 
very different; mortality a condition

Presenter
Presentation Notes
Conceptual diagram of Salt Pond mangroves on St. John.Pictures from salt ponds at Francis Pond (oblique from elevated trail) and Lameshur, dominated by the mangroves Laguncularia racemosa and Avicennia germinans, respectively.Diameter data (as dbh, or “diameter at breast height” taken at approximately 1.3 m above ground) from one plot as re-constructed to reflect pre-hurricane dbh distributions over a circular area of 0.01 ha at Francis Pond.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

Fringe

Tidal 
range

Rhizophora
Mixed mangrove

species

Upland

Princess Bay (Plot 401)

- Three sites (Water Creek, Princess Bay, Mary Creek)

- Flooded by nearly every high tide, and most 
drained at ebb tide

- Mostly comprised of red mangrove, but all 
species often present

Presenter
Presentation Notes
Conceptual diagram of Fringe mangroves on St. John, depicting the typical development of fringe mangroves relative to intertidal position. Mangroves are nearly always flooded for <50% of the year, and many are flooded for <25% of the year. However, it should be noted that the edge of the fringe mangroves nearest open water at Water Creek and Princess Bay are indeed permanently inundated on St. John.Pictures of fringe mangroves on Stradbroke Island, Australia (roots of Rhizophora stylosa), and Princess Bay (after the hurricanes) dominated by the mangrove Rhizophora mangle.Diameter data (as dbh, or “diameter at breast height” taken at approximately 1.3 m above ground) from one plot as re-constructed to reflect pre-hurricane dbh distributions over a circular area of 0.01 ha at Princess Bay.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

- Established 2, 5.65-m radius plots per site (0.02 ha) 

What did we do?

- Measured diameter at breast height (dbh, 1.3 m above ground) of live standing, 
dead standing, and fallen trees.

- Re-constructed pre- and post-storm forest structure. Explain…

- Measured downed wood volume

- Soil samples to a maximum depth of 50 cm; 
3-cm sections

- Measured regeneration in 1-m2 sub-plots

Presenter
Presentation Notes
Listing of the general methods used to establish study plots. Note that plots had to be small because many of the fringe mangroves were limited in width.All forest structural data pre-hurricane were re-constructed during post-hurricane assessments. There is a chance of small errors in classification with that technique. Volume and biomass of woody debris were surveyed, but not presented here because it is a rather boring narrative. However, one audience member raised an appropriate concern that the volume of woody debris in some places on St. John may negatively affect regeneration, and maybe should be removed. We did not look at the influence of woody debris in influencing regeneration directly, and cannot firmly say either way; however, regeneration often finds a way around these types of barriers. That said, regeneration was limited on St. John, so all possible drivers should be considered. Woody debris and dead standing trees in the mangroves of St. John are currently an eye-sore some 26 months after the hurricanes.We took soil samples using a 50-cm coring device. Samples were extracted from each plot (two per site), and each core was sectioned into 3-cm increments and analyzed for total nitrogen and total carbon on a CN Elemental Analyzer at the USGS Wetland and Aquatic Research Center in Lafayette, Louisiana. Samples were then acid-fumigated with HCl to remove inorganic carbon, and re-analyzed to determine inorganic carbon and organic carbon fractions of the total carbon measured for each 3-cm increment.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

- Diameter distributions (no live trees) 

- Missing small diameter class trees and of those present, there were 
lots of mortality in small diameter classes before hurricanes. Why?  

- Many more dead standing trees. Trees shorter. But, also some survival.

- 1600 to 2850 stems/ha before hurricanes

- Salt Pond = 6750 to 8100 stems/ha

- Fringe = 3150 to ~13000 stems/ha (Mary Creek)

- Diameter distribution typical

100% decrease

63% decrease 86% decreasecm

cm cm

Presenter
Presentation Notes
Explained diameter distributions (e.g., 1.0-5.0 cm on x-axis refers to individual tree dbh values of 1.0-5.0 cm, etc). The y-axis is in percent, and refers to the percent of trees by dbh class as an average of all plots and sites within that mangrove forest typology. Total summed percentages equals 100%. Mention what would have been “live” before the hurricanes (i.e., trees listed as “live”, “snapped, tipped-up”, and “standing dead”). The high percentage of snapped, tipped-up trees for isolated basin mangroves is likely because of individual trees were larger at Annaberg (11-m-tall forest). Very common in hurricane-damaged mangroves with taller trees to have blow-downs and snapped stems in greater frequencies than dead-standing trees.Explain that the diameter distributions for Annaberg are not normal. There were too few trees in the smaller diameter classes and too many dead trees in the 5.1-10.0 dbh class before the hurricane. This was especially evident on the Western Annaberg plots, and indicates that the health of Annaberg was affected prior to Hurricanes Irma and Maria. Altered health was possibly related to altered hydrology associated with culverting becoming less efficient over time? The entire Annaberg mangrove forest is not drying out enough, and not at all on the western side, yet a natural basin mangrove should experience draw downs. Basin mangroves are often de-watered for long periods of time during neap tidal cycles, and for short periods of time during spring tidal cycles.Diameter distributions for Salt Pond and Fringe mangroves are more typical of diameter distributions in mangroves (larger percentage of trees in smaller diameter classes before the hurricanes).Trees were shorter (4-6 m forests), so more standing dead trees after the hurricanes.Note decreases in live basal areas in red font. This is the take-home message about damage to the St. John mangroves, and explains why most of the dead vegetation remaining visually on-island after the storm is mangrove vegetation. Only L. racemosa and A. germinans can re-sprout, but re-sprouting has been limited in those species. R. mangle cannot re-sprout and must rely only on advance regeneration or new regeneration to regenerate.



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

- Regeneration was seemingly fairly low, but variable and 
not necessarily very different from other post-hurricane 
regeneration surveys at this point in time (10-14 months).

- A lot of what we found were seedlings present before 
the hurricanes

- Regeneration re-surveys on this trip (26 months) ?

- 1.8 to 5.3 seedlings/m2 (Everglades); 0.7 to 2.2 
seedlings/m2 (Nicaragua) 

Presenter
Presentation Notes
We suspect that all regeneration discovered 10-14 months after Hurricanes Irma and Maria was associated as advance regeneration, or that which was already present before the hurricanes.Regeneration was low, but within lower ranges reported from other mangrove forest after hurricanes.For the first regeneration surveys that were conducted at 10-14 months after the hurricanes, we used 4, 1-m2 quadrats per plot (or 8 per site). These were established at cardinal directions (N, S, E, W) from plot centers, and at distances of 2 m away from each plot center.We re-surveyed regeneration Tuesday to Saturday of this past week (Dec. 3-7, 2019), and doubled the number of plots to 8, 1-m2 quadrats per plot (or 16 per site). Previous quadrats were re-surveyed and new ones were added at 4 m away from each plot center.Again, regeneration was limited at 26 months (last week) and did not differ greatly from surveys conducted at 10-14 months out. Four new trends did emerge,Seedlings at Eastern Annaberg that were found at 10-14 months were growing profusely at 26 months with the added light availability, and a few seedlings were discovered in the vicinity of Western Annaberg plots (none in quadrats though).Some new regeneration of all species was present to Lameshur during these new surveys, but regeneration was still mostly from advance regeneration for all other plots. Some plots in other typologies, however, had small L. racemosa seedlings near by, just not many in quadrats.Fringe plots at Water Creek appeared to be recovering fairly nicely as vegetation present before the hurricanes seem to be growing back without new regeneration, and seedlings (especially those of R. mangle) present before the hurricanes are growing into the large sapling classes.Trees of L. racemosa are fruiting throughout St. John, and many R. mangle trees have flowers and fruits, which should lead to propagules. One place to possibly find propagules in April/May is Lameshur, and the teachers at The Grifft-Hill School mentioned that their students found R. mangle propagules at some locations around the island last spring. This is good news!



Influences of Hurricanes Irma and Maria on the Mangroves of St. John 2

- Hurricanes not likely to 
affect soil structure greatly 
unless recovery is delayed 
(peat collapse)

- Nitrogen content fairly low; 
sign of nutrient conservation 
in the uplands?

- Inorganic C content high 
in Isolated basin (>50%). 
Why?

Presenter
Presentation Notes
Soils are often affected lightly from hurricanes, unless major erosion events or large deposition events occur. But, refer to the concept of peat collapse in slide 6.Low nitrogen concentrations in soil. Maybe because St. John has fairly in-tact upland forests (even though there are lots of invasive plants) that promote N re-cycling and conservation up-slope? That a large percentage of St. John is within Virgin Islands National Park is likely a very big reason why erosion, including nitrogen erosion to the mangroves, is kept in check!Inorganic carbon comprised 54%, 6%, and 1% of organic carbon in isolated basin, salt pond, and fringe mangroves, respectively, on St. John.Why are there such high relative concentrations of inorganic carbon at Annaberg? Road construction? Perennial settling pond? Legacy of the Sugar Mill? I am not complete sure. [Audience suggested two additional ideas that seem feasible – (1) the eastern part of Annaberg was cleared, burned, and used for grazing of cattle at one point, and this is where most of the inorganic carbon is located. (2) coal was used extensively to power the sugar mill, and perhaps this inorganic carbon is a legacy of that. Perhaps dumping of coal residue?]Distinction made for audience that high concentrations of inorganic carbon at Annaberg is not necessarily bad.Note that much of the aboveground carbon on many of these sites is now in dead wood (which will be mineralized to CO2, exported as dissolved or particulate organic matter, or incorporated into the soil). 



Can we influence recovery, and how? 3

- Mangroves look horrible after hurricanes.

Ten Thousands Islands, Florida St. John

Saipan, Northern Marianas Islands

What can we do?

Presenter
Presentation Notes
Photo series to make the point that hurricanes lead to lots of damage in mangroves everywhere.Photos from Ten Thousands Islands, Florida show damage to the mangroves from Hurricane Irma.Photos from St. John show damage to the mangroves from Hurricanes Irma and Maria.Photos from Saipan, Northern Marianas Islands show damage to the mangroves from Typhoon Soudelor. Note the regeneration of the mangrove Bruguiera gymnorrhiza some 15 months after that typhoon.



Embracing the disturbance…

T.J. Smith III, U.S. Geological Survey

• Hurricane Wilma deposited 37 mm of sediment on 
to the mangrove soil surface in Everglades National 
Park.

• Reported a 42.8 mm increase in elevation, which decreased by 10.5 mm by 
June 2006 – due to settling

Whelan et 
al. 2009. 

Wetlands 
29, 16–23

Can we influence recovery, and how? 3

Presenter
Presentation Notes
First idea – Embrace the Influences of Hurricanes? These are data from Everglades National Park after Hurricane Wilma affected the mangroves along the Shark River.Graph depicts vertical accretion of sediments, and three different measurements of surface elevation change (in millimeters) to the mangrove forest floor relative to three different reference datums.An average of 37 mm of sediment was deposited on the soil surface, which generated a surface elevation change of +42.8 mm (i.e., from vertical accretion and possibly some stimulation of fine root growth immediately after Hurricane Wilma).Settling of soils not rapidly colonized by fine roots after Hurricane Wilma led to loss of some of this elevation. Picture depicts marker layer laid down by scientists before Hurricane Wilma (yellow arrow), root-laden sedimentation deposited on the soil surface after the marker layer was laid by scientists but before Hurricane Wilma (green arrow), and the Hurricane Wilma storm layer (red arrow). It is often suggested that the resulting increase in surface elevation change from hurricane sediment deposits help to offset the influences of sea-level rise on mangrove forests (and other coastal wetlands).



Embracing the disturbance…

T.J. Smith III, U.S. Geological Survey

• Hurricane Wilma deposited 37 mm of sediment on 
to the mangrove soil surface in Everglades National 
Park.

However, is the benefit long-term?

Whelan et 
al. 2009. 

Wetlands 
29, 16–23

Feher et al. 
2019. 

Ecosystems, 
in press, doi: 

10.1007/s1002
1-019-00446-x 

Can we influence recovery, and how? 3

• How might physical morphological changes to adjacent nearshore marine and 
sea floor benthic environments affect mangrove sedimentation patterns on St. 
John in the future (c.f., Browing et al. 2019, Scientific Reports 9: 7101)

• Reported a 42.8 mm increase in elevation, which decreased by 10.5 mm by 
June 2006 – due to settling

Presenter
Presentation Notes
However, we must ask whether this surface elevation change from hurricane sedimentation provides a long-term influence.Taking the same data as presented in the last slide, and extending the record through multiple years, we find that the benefit of the sediment pulse is still present, but the benefit is not nearly as much as previously hypothesized. This is likely the case for many coastal wetlands receiving storm sediment deposits, and while the band of storm deposition ~30 mm thick might still be present in a core taken through the soil many years from now, surface layers are clearly adjusting through compaction (or other processes) to re-establish elevations within the intertidal such that trends in surface elevation change present before the hurricanes (dashed line) are not that much different from long-term trends incorporating the storm layer.This figure also shows another re-set associated with Hurricane Irma, the same hurricane that affected St. John. Note also the Browning et al. paper - Hurricanes also change he bathymetry of associated bays (e.g., Coral Bay, St. John), which can also influence sedimentation patterns for associated wetlands over time in unknown ways.Similar surface elevation studies are on-going at Mary Creek and Water Creek, with records available before and after Hurricanes Irma and Maria. Conclusive trends have not yet emerged, as more time is needed. These surface elevation change studies are being maintained by Dr. Kevin R.T. Whelan (National Park Surface, Inventory and Monitoring Program, Miami, Florida, USA).



Many established mangrove forests are stressed by subtle changes in hydrology brought on by 
development, and this needs to be recognized globally.

Lewis et al. (2016) Mar Pollution Bull 109: 764-771

Marco Island,
Florida,
USA

Dead Transitional Full canopy

Can we influence recovery, and how? 3

Ensuring that tidal hydrological flow is maintained…

Presenter
Presentation Notes
Second idea – Assess the Health of all Mangroves to Assist with the Concept of Resilience (Example here of hydrologic stress affecting the health)While we spend a lot of time focusing on mangrove responses to sea-level rise, and looking into how they may migrate inland as sea levels rise, we also must focus on emerging hydrological alterations to tidal flows in these forests. Hydrologic alteration can affect the processes controlling how mangroves adjust vertically to accommodate sea-level rise. Hydrologic alteration can also affect how mangroves respond and recover after hurricanes.Health of mangroves need to be maintained where ever possible, and management options are often available. 



Can we influence recovery, and how? 3

Actively planting seedlings to facilitate quicker regeneration…

- Maybe a solution, but acceptable sources of propagule material need to be found.  

- Limited genetic variability may be a condition of mangrove development on Caribbean islands?

Bologna et al. 2019. Diversity 11, Article 65

- Genetic relatedness of Rhizophora mangle populations 
after recovery from Hurricane Hugo on St. John.

Rooted, neighbor-
joining cladogram 
(Reynold’s genetic 
distance)

- How important is this to maintain?

- Ensuring post-planting survival. E.g., Different 
environmental conditions, herbivory, browsing.

Presenter
Presentation Notes
Third idea – Planting Mangroves to Encourage Quicker RecoveryMaybe a solution in some instances, but it was discussed that a lot of money is wasted globally on mangrove planting efforts that attempt to establish mangroves where they do not belong, or in areas so modified hydrologically that they can no longer support mangrove forest development.Could be a solution in parts of Hurricane Hole, however, as long as acceptable propagule sources can be found. Because of the condition of permanent inundation of the extreme fringes of Hurricane Hole mangroves dominated by R. mangle, growth and recovery would expected to be very slow there. Refer back to slide 15. More to this point, is that these mangroves seem to be living outside of their typical inundation thresholds, such that they may have established higher in the intertidal originally and sea-level rise has placed them in their current location to produce their current inundation state (i.e., flooding of roots to support sub-tidal coral and sponge development on the roots). This level of inundation would provide significant stress to the mangroves, as perhaps indicated by the short stature and slow growth of Hurricane Hole R. mangle just at the interface with water, but the stress could also lead to greater root differentiation from hormone imbalances to create even more of the substrate required for coral development. We do not know how many years of development the pre-hurricane structure of this environment represents.Also, after Hurricane Hugo affected the mangroves at Lameshur in 1989, the resulting R. mangle population went through a genetic bottleneck yielding reduced genetic diversity of Lameshur R. mangle trees versus other R. mangle trees from other locations on St. John (source: Bologna et al. 2019, Diversity, v. 11, Article 65). This leads to questions about the importance of restricted genetic diversity to the ecology of mangroves on these Caribbean islands. Is this important to maintain.One audience member pointed out that after Hurricane Hugo, some mangroves were planted at Lameshur from other locations on St. John.   Any plantation efforts should include propagation plans for all three species (R. mangle, L. racemosa, A. germinans) because all are important components of St. John’s mangrove forests. Planting sites need to be coordinated and carefully selected vis-a-vis the potentially limited amount of propagule material that may be present on St. John. Do not overlook insect and crab herbivory influences on mangroves, and the influence they may have on early recovery. It was also pointed out by multiple St. John residents that white-tailed deer populations have expanded since the hurricanes, and they are browsing mangroves to the point of killing seedlings.



Summary and Questions? 4

While mangroves are considered stress-adapted ecosystems, there is a limit of that adaptability made more 
difficult by human-impacts to the landscape, limited regeneration potential in some environments, genetic 

bottlenecks, and lack of seed/propagule sources to promote expedient recovery. 

That said, how the mangroves on St. John appeared before the hurricanes already represented recovery to 
that stage from past hurricanes. Legacies of past impact are part of being a disturbance-adapted 

ecosystem.

U.S. Geological Survey 
Ecosystems Mission Area
Environments Program

U.S. National Park Service
Virgin Islands National Park

Virgin Islands Coral Reef National Monument
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