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HuFrica=n'é‘|mpacts on Mangrove Forests
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anes are frequent large-scale pulsing events that shape community
e and ecosystem function of tropical and subtropical forest

)ve forests are particularly susceptible to damage because of their
1n the intertidal zone.

ficane effects change:
Physi aI environment of the forest

-

"' : etatlon structure and species composition
_ F- S_l;ccessmn
- Nutrient cycling

- Soil accretion

- Animal population dynamics

> Neotropical mangrove forests are highly resilient systems to natural
disturbances.




~ High Recurrence of Tropical Storms and Hurricanes
= in South Florida . =
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Frequency of direct hits by category 3-5 hurricanes in South Florida
is ~once every 25-30 years



ark River. southwestern FCE

HYPOTHESIS: Marine inputs of P (Ca-bound) ™
during storm events are a significant
contribution for mangrove forest
development along southwestern FCE.
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» P concentrations decrease with distance
from the mouth of Shark River. SRS-4 is P
limited - N:P. > 80.

Mouth SRS6 SRS5 SRS4

» The Ca-bound P fraction was significantly higher in
downstream sites (32%) and decrease with distance
from the mouth of Shark River (SRS4: 2%).

» Soll fertility gradient along Shark River.



Model Simulations Mangrove Nutrient Model (NUMAN)

hark River, Florida Coastal Everglades (FCE)
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> Simulation profiles of bulk density (BD)
and OM content significantly fit the

observed results in the field.

Gulf of
Mexico

Gulf of
Mexico

» Model simulations (Chen and Twilley
1999b) showed an increase in OM content
and decrease in soil bulk density from
downstream (mouth) to upstream (SRS-4)
mangrove sites.

» These changes are controlled by
variation in allochthonous inputs of mineral
matter at the mouth of the estuary.






. ___Track o?ﬁ'urricane Wilma - October 2005
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» Wilma became a
tropical storm on
October 17, 2005.

Hurricane Wilma
October 15-25, 2005

Hurricane W|Ima made Iandfa”

Tropical Storm | in southwestern

Tropical Dep.

Extratropical | | Florida on October

Subtr. Storm

-~ Subir. Dep. . 24, 2005 as a

Low /W :
DUWUTC :ﬂﬁﬂate ' Category 3

. O 12UTC Position | .
- PPP Min. press (mb)

It was the strongest
Atlantic tropical
NP R EEE) EEER P cyclone on record
with @ minimum
pressure of 882 mb
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Poore et al. 2007. USGS Report 1306
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Research Questions,,
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at are the sediment charactenshcs distribution and

iess of the: sediment deposited by Hurricane Wilma in
angrove forests?
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P \What are the nutrient inputs (total C, N, and P) from
purricane sediments to the nutrient pools in mangrove
— soils?

> What are the inorganic and organic pools of P in the storm
deposits, and how these pools differ from mangrove soils?

» What is the role of hurricane sediment deposition in

regulating soill fertility, nutrient burial, and vertical accretion
In mangroves?
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Methods

Iransects perpendicular to the edge of the water:
SRS-6 (/06 m.in length) —_
Broad'River (BR - 700 m) =
Tlaylor Buttonwood Ridge (150 m)

jiignsects in SRS-6 and BR were previously established
npviay 2004 (Simard et al. 2006). Sampling was
conduc £ d on Dec 2005.The Ridge transect was

S and sampled in October 2006.

establish

~
€0
-
[ =
-
-

>

oe Bay, Florida Bay): Two permanent
on plots (20 x 20 m) previously established in
er 2000. Sampling carried out in Oct 2006.

— =
—-3‘— All three transects and TsPh-8 plots were sampled to
assess hurricane impacts on forest structure and
~biogeochemistry of mangroves.

Duplicate sediment cores were collected at different
intervals along each transect and at TsPh8 plots.

Sediment cores were collected with a piston corer (2.5 P S ok
cm diameter x 15 cm length), sectioned into two layers, SN T FRERsELe

upper (hurricane deposit) and lower (soils - top 10 cm) ey Ridge -

layers. i ;
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H*Wind Surface Analysis shapefile data sets were provided by the Hurricane Research Division (HRD) of NOAA's Atlantic Oceanographic
Meteorological Laboratory (http://www.aoml.noaa.govihrd/). The Wind Analyses data used to produce this map are for research purpc
only. These are experimental products created by NOAA's Hurricane Research Division. For official National Weather Service products gc
The National Hurricane Center website (http://www.nhc.noaa.gov/). Any uses of these data are subject to the provisions of HRD's Data P«
(http:/iwww.aoml.noaa.gov/hrd/data.html) and by using these data the user agrees to this policy.

The FCE LTER program performed an IDW interpolation on the original wind analyses data described above to create this map.
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Mangrove Forest in
SRS-6 before Wilma

FCE Mangrove Forests

SRS-6 after Wilma




\Water Levels during Storm Surge in FCE
Mangrove sites .. ——

Water level
recorder in SRS-6
(50 m inland)

Water Lavel (cm)
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. — Octobar 2005
: -'_-_J:hi(Va'ter levels were higher
— _downstream Shark River (SRS-6)

= and decreased upstream (SRS-4).
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» Storm surge reached levels of 3-4
m above normal levels as
indicated by deposition on CO,
tower equipment.

. . CO, tower in SRS-6 CO, tower in SRS-6
Storm surge deposited inorganic : i
SFiment e e e (100 m inland) before (100 m inland) after
' Wilma. Wilma (see deposition).




H rricaﬁzﬁﬁpﬂsition on FCE Mangrove Forests
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4 cm deposition

Large-scale sediment deposition (1-4 cm) in mangrove forests of FCE.

Along Shark River, deposition was maximal close to the GOM (mouth of
Shark and SRS-6) and decrease upstream. No deposition was evident in

SRS-4 (18.2 km from GOM).
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Hurricane Deposition Depth (cm)
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» Deposition was variable along
each transect.

No
1 data ' i . . l » The thickness of the sediment
. . | deposited decreased with distance
250 350

along each transect.

» In BR and SRS-6, deposition was
on average 2.5 cm in the first
section of the transect and

decreased to 1 cm at the end.
=mEl

50 100 250 350 450 600 700

Taylor creek

» In the Ridge, deposition was

Taylor Ridge about 2.5 cm in the Bay side (fIrSt

50 m) of the transect and decreased
to 1.0-1.5 cm at the end.

» Deposition on TsPh-8 was on

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 average 4.5 cm.

Distance from Edge (m)




Bulk Density'and Organic Matter (AFDW%)

» Bulk density of hurricane deposits was =
consistently higher in all sites compared to soils (top
Soils (top 10 em) . Hurricane deposition 10 Cm), except in the R|dge

» The Ridge is a depositional berm that isolates
scrub mangrove forests along Taylor River from the
direct influence of Florida Bay and the Gulf of
Mexico.

Bulk Density (g cm2)

» Only during hurricane events, the Ridge is
inundated and bay sediments are deposited in the
Broad River SRS-6 Taylor Ridge TsPh-8 Ridge (Davis et al. 2004).

» Mean BD:
- Soils (top 10 cm): 0.38 £ 0.2 g cm™3
- Deposition (event): 0.57 £ 0.1 g m3

» Mean OM content (%):
_ - Soails (top 10 cm): 44 £ 13%
Taylor Ridge TsPh-8 - Deposition (event): 16 £ 3%

» The higher bulk density and lower organic matter
content of hurricane deposits relative to soils (top 10
cm), reflect the mineral inputs of hurricane lenses.




Nutrient Inputs (TN) from Hurricane Deposits and
Contribution to Mangrove Soils —

R

[ 3 sots top 10cm) I Horrican ceposiion » TN concentrations were
onsistently higher in the soils (top 10
cm) compared to hurricane deposits
In all sites.

» Mean TN:
- Soils (top 10 cm): 279.1 £ 32 g m™
- Deposition (event): 50.1 £ 20 g m=

Taylor Ridge TsPh-8
Sites

» The Ridge had the highest TN
concentration of hurricane deposits.

» The contribution of TN from
= o e hurricane deposits to mangrove soils
Broad River SR5-6 | Taylor Ridge ranged from 8% (SRS'6) to 56%
(TsPh-8).




Total P (g m-2)

ontribution of TP to Soils (%) .

Nutrient IH‘ptﬁs (TP) from Hurricane Deposits and
Contribution to Mangrove Soils —

Broad River

Taylor Ridge

TsPhs

» TP concentrations were

onsistently higher in the soils (top
10 cm) compared to hurricane
deposits in all sites.

» Mean TP:

- Soils (top 10 cm): 18.3 = 5.
1.

+
- Deposition (event): 3.6 *

» BR had the highest TP
concentration in both the soils (top
10 cm) and hurricane deposits.

» The contribution of TP from
hurricane deposits to mangrove soils
ranged from 7% (Ridge) to 55%
(TsPh-8).




I'h?rg'aﬂic and Organic P Pools

. » The Ca-bound P fraction was
significantly the largest inorganic P
fraction of hurricane deposits in all sites,
comprising 24% (Ridge) to 32% (SRS-6)
of total P.

sl

» The labile inorganic P fraction was the
second largest pool, and accounted for

Fraction of Total P (96)

6% (BR) to 20% (TsPh-8) of total P.

Broad River  SRS-6  Taylor Ridge

» Similar results were observed in the
top 10 cm of soils; however, the
contribution of the Ca-bound P fraction
was smaller ranging from 6% (SRS-6) to
18% (Ridge).

Soils (top 10 cm)

£ o =
[=3 [=1 =]

Fraction of Total P (%)
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o

» The contribution of the labile P fraction
DT — ranged from 3-13% (BR and TsPh-8,
sies respectively).
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Contribution:of Hurricane Deposition to Vertical.
Accretion and P Accumulation Rates™
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» P accumulation Deposition: 0.2 to 1.3 g m=2 event-'.

Soils (top 45 cm) . Hurricane deposition
Vertical Accretion (cm yr-) » P accumulation Soils top 45 cm: 0.3 t0 0.6 g m2 yr.
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Confribution of P to Soils {yr event'1)

L=

Ratio Thickness:Annual Accretion
- SRS-6 =10 yr event
- TsPh-8 = 17 yr event

Accumulation of P from hurricane deposits was

equivalent to 0.9 (TsPh-8) and 2.2 (SRS-6) yr event’
the average annual soil P accumulation.



ape Patter r S of Forest Structure and ANPP are Related
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Castaneda et al. Unpublished results




. Conclusions
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ment deposition was one of the major hurricane impacts on
ve forests of FCE, indicating the strong effect of these
/ents in the dynamic of coastal wetlands.

_he deposition during one single event was approximately
ler of magnitude greater than the average annual vertical
tion rate in mangrove forests of the Everglades.
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_',_-"’(‘ hlgher bulk density, lower organic matter content, and higher
= *Gazbound P fraction of hurricane deposits compared to mangrove
= soils, underscore the contribution of allochthonous mineral inputs to

-mangrove peat dominated soils during storm events.

» Sediment deposition by Hurricane Wilma had a significant input of
nutrients to mangrove soils, which could be an important factor in

regulating gradients of mangrove forest structure and productivity
in southwestern Everglades.




