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In the second edition of Soll
Taxonomy, the definition of
soil was changed to

accommodate subaqueous

solls. Soil Taxonomy
A Basic System of So1l Classification for Making
and Inferpreting Sl Swvevs

This was done as resource
scientists began to recognize
the importance of these
shallow-water soil resources
for their habitats, structure, -

and associated ecosystem B
functions. S Do A Ao
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" Question: Why Study Freshwater
Subaqueous Soils?

- growing need for a tool to manage shallow aquatic systems and
resources at an ecosystem scale

- agencies trying to manage elevated nutrient levels and the
trophic state of lakes

- Issues related to sediment accumulation
- explosion in the population of invasive plant species

- environments should be managed to ensure long-term
sustainability

- previous work mainly focused on coastal (estuarine)
subaqgueous soils
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Presentation Notes
AND lake associations!
Issues related to sediment accumulation = contaminants like metal, herbicides, and pesticides


) Requests for Technical Soil

Services:

B sedimentation rates and volume of sediment for
pond restoration

B engineering calculations for water volume In
ponds

m geotechnical data

B contaminant levels

m flood plain restoration

m carbon accounting

m cultural resources needs

m bathymetry

m river data for dam removal and fish ladders
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Increasingly, env. Managers are receiving requests for data/info. Related to  SAS


STUDY
GOAL

...to begin to develop
an understanding of
the variations and
distributions of
freshwater subaqueous
soils and to answer
some of the commonly
asked questions
regarding the
mapping, classification,
and interpretation of
these soils.




Specific Project Objectives:

subaqgueous soil maps for 6 freshwater lakes or ponds

characterization data for the most common solil types in
each water body

carbon pools by area (Mg/ha) for each of the mapping
units

relationships between landscape unit/soil type/soill
properties and invasive plant species distribution

sedimentation rates with interpretations/relationship
to land-use-history
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Presentation Notes
MAPS: if freshwater subaqueous soils differ between created (reservoir) and natural (lake) systems? (comparison of sed. rates, Carbon sequestration, N and P accum.) Characterization data: no one has done it before for freshwater systems, only coastal
CARBON: What are the pools and sequestration (storage) rates like in freshwater subaqueous soils, compared to coastal? (natural vs. created)
P and N: how strongly are these levels linked to invasives species?
INVASIVE SPECIES: i’ll make observations of the distribution of inv. plant species and investigate relationships between soil type, nutrient conc., and invasive species.
LAND-USE-HISTORY: Each watershed leading to a created system will have a different size and land-use history. Thus we will investigate relationships between these watershed characteristics and land-use-histories relative to sedimentation, nutrient contamination, etc.



Final Recommendations

m changes to Soil Taxonomy

m methods and protocols for mapping freshwater
subaqueous solls

m ways to map created and natural freshwater
subaqueous solls based on soll-landscape
relationships
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Presentation Notes
My work coincides with the National NRCS, and we are therefore making recommendations to assist in advancing their on-going work.
Soil Taxonomy: All previous (recent) changes to “the keys” were for coastal systems
Methods and protocols: GPR can’t be used in coastal areas (salt water). GPR has problems in areas with high levels of SAV.
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Most people WANT information on these lakes…not randomly chosen.


3 Created Freshwater Lakes (impoundments)

Name Bowdish | Smith-Sayles | Belleville
Area (acres) 126 175 108
Aty D | 1,478 640 1,366
I\/Iaxir?ftérgt)Depth 10 11 0
Averc'(alfgeee Bepth 6 5 5
Year Impounded 1850 1865 1800
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Year of impoundment will help us take a look at sed. rates and C sequestration rates, because we will be able to find the original buried surface layer which will act as time 0.


3 Natural Freshwater Lakes

Name Worden’s Tucker Watchaug
Area (acres) 1,043 101 573
e ey e 317 317 317
I\/Iaxir?ftérerl)Depth 7 32 43
Average Depth 4 11 g

QEED)




Research Methods

(field procedures)

> Bathymetric Analysis
> Ground-Penetrating Radar
> Soll Sampling

> Vegetation Mapping



Bathymetric Analysis

Detailed bathymetric maps of each
study area have been created

Fathometer, surveying rods, and GPS
were used to collect the depth of water
at known locations

Points were taken at 10s intervals
traveling at a speed of 4-10kph Iin track
lines 20 to 40 meters apart

This data helped create contour lines
and will aid in subagueous soils map
creation

Some accuracy problems can occur in
densely vegetated lakes; ground-truth :
for accuracy
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Fathometer (echo sounding system) – map of under-water depths of a lake


Ground-

Penetrating Radar -_ :
(GPR)

m Ground penetrating radar
utilizes radio frequency waves
to detect subsurface features

m Waves reflect when they
encounter a change in the
electrical properties of
sediment

m The unit can be pulled across
the ice (a flat surface) or
behind a boat
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GPR – shows us mineral vs. organic!

An antenna, which is pulled across the surface of the ground, transmits a signal that penetrates the subsurface. As this signal passes through various layers of sediment, it is reflected back up and received by the antenna. The "signals" that are picked up are displayed graphically on a computer.
Attenuation (loss of energy) occurs when the wave penetrates a soil with a high electric conductivity (such as clay). Thick layers of clay can limit the penetration of the waves to less than a meter.


and summer months

Soils are sampled to an
average depth of 100-150 cm;
usually in water <2.5m deep

Standard bucket auger,
Macaulay peat sampler, or
vibracorer are used to capture
the variability and extent of soll

types

All samples are being described
following standard procedures
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A vibra-corer basically “vibrates” an aluminum sampling tube into the soil until the tube is filled with sample, or until refusal occurs
The sample tube is then pulled from the ground, usually using a winching system
The tubes are then capped, labeled, and usually kept refrigerated until they are opened for description and analysis



Where I’'m at with my research...




INES

Track L

Q.'C..

»
.
¥
iy
.

=y
| P

e

d oo

vk

=
L

v

(o
4

o




Bathymetric Map of Wordens Pond

Legend

= 1 ft contours
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=
Delineated Landscape Units for Wordens Pond

Legend

WORDENS POND
|| Water Depth

' 50-60feet
40-50feet
30-40feet
20-30feet
1.0-20feet

LAKE PLAIN

SHORELINE



Presenter
Presentation Notes
So far…they are much simpler to define than those in an estuarine system. We are still investigating the soils within these units.
White line = GPR track line
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Can also use underwater video along transect to look for surface stones or surface  patterns indicative of different soils, and/or support GPR images
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Seeing the difference in organic vs. mineral soil materials is KEY!


Sample Locations for Wordens Pond

s

Wordens

. LAKE PLAIN
|Legend =40k .

|| WORDENS POND|

|Water Depth

5.0-6.0feet

40-50feet

3.0-40feet

20-30feet

i 10-20feet
%- 0- 1.0 feet
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Investigate your soils within your landscape units.
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Vibracoring
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Sampling variability
MacCauley deep vs. shallow
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Can’t MacCauley at all!


" Final Product: Subaqueous

Soils Map!

Map Legend

Bowdish_soil
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This is a draft (preliminary) copy of the soil survey map for Bowdish. This was mapped using GPR data, ground-truthing, and soil cores taken during the survey. 



Vegetation

- Water quality and invasive
species distribution data are
both available for select
water bodies in RI

- Invasive species
distributions are being
reviewed relative to soll
type, landscape unit, and
soil characteristics

- The ultimate goal will be to
iIdentify soil characteristics
that explain the most
variability in invasive plant
species distribution

e watershed boundar
]
& B1. ] Updated 12/14/2010 ||| state boundary

(AlS) Documented** in

‘ Rhode Island Freshwaters

"AlS refers on\y to those p\ant
species present in in

Surveyed by RIDEM; AIS observed
Surveyed by RIDEM; no AIS observed

®  Spot-checked by RIDEM; AIS observed

® Spot-checked by RIDEM; no AIS observed
Unsurveyed stream segment
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We are taking a MUCH closer look at the distribution of veg. Canoe, small boat, field maps.
as of 12/16/2009 (RIDEM):
Bowdish – variable milfoil
Smith&Sayles – variable milfoil
Belleville – fanwort, variable milfoil, water chestnut
Wordens – fanwort, variable milfoil, water chestnut
Tucker and Watchaug - CLEAN


Vegetation
Mapping

» Conducted during the
summer months of 2010;
mainly during the peak of
flowering

» \We mapped abundance and
location of ALL vegetation on
all 6 water-bodies

= | ocation and abundance of
Invasive plant species was
especially noted

= Maps were created in GIS

YIKES!
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BRI Bl | Vegetation
" Maps

Boundary

Water Depth (ft)
5.089-9.1

Identifying the soll
characteristics that
explain the most
variability in invasive
plant species
distribution will likely
be a key
management
Interpretation as we
move forward
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4 ponds with documented exotic vegetation (V. milfoil and fanwort)
Take a look at a SAS map and predict whether or not aquatic invasive plant species will be present…


Current Species
Observed:

(as of 12/14/2010 (RIDEM)):

m Bowdish — variable watermilfoll and fanwort
m Smith & Sayles — variable watermilfolil

m Belleville — fanwort, variable watermilfoil,
water chestnut

m \Wordens — fanwort, variable watermilfoll,
water hyacinth

m Tucker and Watchaug - CLEAN
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4 of the ponds were found to have exotic vegetation


~ Invasive Species

= g . Y | : ‘"i Water Chestnut

u

Variable Leaf
Watermilfoil




Lab Analysis

> 1:1 pH and 1:2 CaCl, pH

> 5:1 Electrical conductivity

> Carbon (loss-on-ignition and C:N analyzer)
> Phosphorus sequential extraction

> Particle size distribution



Soll Organic Carbon Pools

o
> 400 Mg/ha SOC
C content (%) x bulk density x horizon thickness J
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Presentation Notes
Something we are thinking about as we progress with this research is the impact of aquatic invasive plant species on the total amount of carbon in any given system. Our experiences are suggesting that these plants, although quite a nuisance, may lead to higher carbon sequestration rates than systems without invasive plants. In some cases these C accumulations have resulted in the formation of histic epipedons over mineral soils. These soils would meet the taxonomic criteria for Aquepts. Should we introduce subaqueous Inceptisols? 
Something I’m thinking about as I progress with my research: Invasive = more C in system than before, higher sequestration, and possible changes in morphology It is important to further explore the role specific freshwater systems play in the global carbon cycle
Both loss-on-ignition (LOI) and C:N analyzer preliminary results are showing significant pools of carbon (> 400 Mg/ha) in the freshwater bodies. 



e Something we are thinking about as we progress with this research is
the impact of aguatic invasive plant species on the total amount of carbon
In any given system.

e Our experiences are suggesting that these plants, although quite a
nuisance, may lead to higher carbon sequestration rates than systems
without invasive plants.

e |n some cases these C accumulations have resulted in the formation of
histic epipedons over mineral soils.
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Aquepts?


P subsamples

Phosphorus sub-
sampling was
conducted in the
four ponds that
have documented
occurrences of the
exotic species
Variable milfoil
and fanwort

Wordens Overall

d

0-5 and 5-10cm
samples were
collected and

bagged for further
analysis in the lab
(Dissolved-
reactive
Phosphorus,
exchangeable
Phosphorus)
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Invasive species distribtion vs. soil properties (P inputs)
Eutrophication has been linked to a variety of ecological and health problems, ranging from increased growth of undesirable algae and aquatic weeds to fish kills and human illness
(Wordens Pond, Belleville Pond, Bowdish Reservoir, and Smith & Sayles Reservoir)
Phosphorus inputs (from anthropogenic activities) are being reviewed relative to invasive species distributions and soil properties.



Summary/Conclusion

As subaqueous soil science progresses, a wide range of use and management
Interpretations are expected to be developed for use with freshwater subagueous
soil maps

The freshwater subaqueous soil environment is proving to be a significant sink for
organic carbon

Aquatic invasive species have been found to be more dominant in the 3 created
freshwater systems, and less prevalent in the 3 natural ponds in my study. We are
still investigating the relationship with phosphorus inputs and invasive plants

Field and lab data are being used to identify and map subaqueous Histosols
(Frassiwassists) and Entisols (Frassiwassents)

8 additional soll series are being developed as more samples are collected and
analyzed, further distinguishing classification differences between organic and
mineral subaqueous soils

This research is hopefully just a first step in helping to better understand these very
diverse aquatic systems
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