Effects of
Anthropogenic Activity
on Riparian Hydric

Sean Donehue
TRC, Inc, Augusta, Maine
Mark: Stoilt
University of Rhede Island



Significant chianges inlland tuse lave ecculed durnng
e past 400 years m____southern New: England
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o [Land use shlfts can' calise lower carbon| contents,in
alluvitmrand other sedimentary and anthrepegenic
depesits

e Antnropogenic activity may: Increase runoff, decrease
Infiltration; Iower Waler tanies, and limit 2naeronic

conadinens.
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EStUarine rpamian Zzenes: have: Been signifiicantly.
altered By numan: activiby

* Eillfmaterals, whichiare now termed human tiansponted
materials (HTI\/I) ale often added torestuanne: rparan

ZOnes for shoreline develepment.
o Properties and functional capacity: iVl are unknewn.



Methods of Investigation

11 sites with HIIMI additions and 4 reference Sites;

\Walter tables were measured approximately: twice
a Mmoentn;

Muluple auger transects completed at each Site;

Sells were descrined and sampled fron S deep soll
PItS;

Physical characteristics, soil erganic carboen (SOC)
content, and morpholegic forms of carboen were
documented.




Three Classes of
HIIVI Were! ldentifred:

o Elll matenals
» Dredge spoils

o Capped dredge
SpPeIIS



Soils formed in HTM were predominately sandy

Family particle size class of anthropogenic and natural soils of the
estuarine riparian zone.

Sandy

Number Coarse Sandy Loamy Over

Soil Type of Soils Sandy Loamy Skeletal Skeletal Loamy
Fill Materials* 30 15 9 4 1 0
Dredge Spoils 4 0 4 0 0 0
Capped Dredge Spoils 21 20 1 0 0 0
Reworked HTM 6 5 0 0 0 1
Reference Soils*** 16 9 2 0 0 2

* One soil was comprised of > 90% artifactual materials, so a particle size family class
using Soil Taxonomy was unable to be determined. Three additional soils had > 35%
artifacts, but did not meet Soil Taxonomy requirements for a skeletal particle size family
class.

*** Three pedons of organic soil materials were present, so a particle size family class
was not determined.
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 \Water tables rose into the HTM in all 18 monitored locations

« Water tables exhibiting strong tidal influences where directly
exposed to estuarine waters

« Soil saturation required for denitrification can occur in HTM
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« Example of water table activity in HTM over a tidal creek
marsh

« Water tables in HTM with no direct exposure to tidal water
exhibited strong seasonal and precipitation influences
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Example of water table activity in HTM over sandy
unconsolidated shore

o Water tables frequently rose into the HTM, but did not remain

above the buried natural surface

Characteristics of buried natural soils effected water table
activity in the HTM deposits




Carbon Forms Were Abundant Below the Water
Table of HTM Deposits

Abundance of carbon forms below the water table within fill and dredge
deposits. The depth to the water table was estimated as the equivalent to the
first horizon with redoximorphic features.

Percent of Soils With Carbon Forms Present*

Total Non-

Number Root Horizon Woody Woody
Type of HTM of Soils |Roots Traces Masses Lenses Carbon FOM** FOM**
Fill Materials 51 67% 4% 49% 4% 45% 29% 12%

Dredge Spoils 25 2% 0% 72% 40% 48% 80% 4%

*Carbon forms defined by Blazejewski et al. (2005).
** FOM: Fragmental Organic Matter



Redeximerpic features demonstraed reducing
conditiens suff|C|ent for denltrlflcatlon

The water table in this solil W
fluctuated from 0-43 cm, andithe, T
measured water table was abeve:
25 cm fior 63%) of the
measurements.

Redoximonphic features v
demonstrate reducing conditions; 5
suificient fer microhial x

denitrification.

Black colors may be the result of
sulfidic matenails.

Buried frnging marshi surface at
64 cm.



Impoertant Elndings:

EStuanne Ripaiian Zenes

. With' the exception off cases where sandy-
Unconsolidated shore materials were filled;
saturation occurs well abeve previous
conditions;

e Carbon In a number of forms; can bhe found

throughout solls fermed 1In estuarne HIVE

» Evidence o reducing conditions were
obsenved in nearly all of the seils suggesting
conditions fer denitrificatien exist in these
anthrepoegenic estuarine riparian solls.






What can be used as markers of
envirenmentalland land use change?

Soll Morphology.
» Buried horizons Indicate: former surfaces

. Ariifacts decument anthrepegenic infllences and
lime penoeds

Pollen

- Plant communities have changed dramatically
OVer the past 400 yearsi in the Northeast

» NUmerneus studies using polien have been
completed regienally in'lake sediments and 0egs

- Pollen’is presenved in the anaenebic hydrc seils




Viethoad el Investigation:

6 stream-side riparian study: sites

o 3 agricultural watersheds with grewing
subuiean develepment

o 3 SuUburban-urban watersheds

Solls described and sampled fron deep pits and Bucket
aliger boerngs

Samples Were processed and analyzead:
o |Solate and count pollien; spores

o Determine radiocarhon ages

o |dentify artifiacts

Histeric aerial photegraphs Were: reviewed

Interpretations were made on timeframes, of alluvial
depesition



Distribution of pollen with depth in
an alluvial soil formed at a natural levee
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« Soll morphology changes at 124 cm

e Radiocarbon analysis of plant fragments from this portion
of the soil had an age of 224 — 287 years before present

- Hardwood Pollen

-15
’S;: 39 — Conifer Pollen
o -55
L
% 7o -~ Weed Pollen
A -95
-115
- Grass Pollen
'135 | | % L |
0102030405060708090S f S
Pollen Abundance (%) oA CL’JSAegF[;‘iJOthFa

c. 250 Y.B.P.



* Declines in weed and grass pollen beginning at 71 cm
Indicate the start of agricultural abandonment.

* Increases in hardwood and conifer pollen demonstrated
a period of forest regeneration was underway at 49 cm.
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All horizons above 28 cm contained modern artifacts
A buried surface horizon was present from 28 to 37 cm
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BN

“‘! Morphelogic Viarkers
%  off Lane Use Change
« Inr Riparan Alluvidm

Buried surface hoerizons
WEre present at 5 of the 6
Sites.

Combination hemnzens with
thin buried! surfaces

. developed durngland use
e 2. shifts at two sites.

» Artifacts Were present in
- = alluvium deposited
...~ Subseguent te 1950 In the
.~ three suburban-urban sites.



Efiects ol LanadiUse Change on Sedimentation Rates,

Sell Organic Caren, and Permanganate Oxidizanie

Carpen In Stieam-Side Hydrc Riparan Solls

ad

b J'__'-_-'.:. "y
= l.‘*\;-:' - i
. A



Estimated net alluvial deposition rates

Depth Alluvial Age Land Use Net Sedimentation
(cm) (Y.B.P.)* Period Rate (cm yr™)
Nasucket
0-28 Present to circa 56 Suburban-Urban 0.50
28-124 Circa 56 to 224 — 287 Agricultural 0.42 - 0.57
124-276+ 224-287 to 17,000 Pre-Colonization > 0.008"
Tuskatucket
0-14 Present to circa 56 Suburban-Urban 0.25
14-105 Circa 56 to 306 Agricultural 0.36
105-251 Circa 306 to 17,000 Pre-Colonization 0.007
Squantum
0-14 Present to circa 56 Suburban 0.25
Agricultural and
14-37 Circa 56 to 17,000 Pre-Colonization 0.001
Route 2-138
0-10 Present to circa 250 Agricultural 0.04
10-38 Circa 250 to 17,000 Pre-Colonization 0.001
Slocum
0-100 Present to circa 250 Agricultural 0.40
100-112 Circa 250 to 17,000 Pre-Colonization 0.0006
Pippin Orchard
0-77 Present to circa 250 Agricultural 0.31
77-92 Circa 250 to 17,000 Pre-Colonization 0.0009

*Y.B.P.: Years Before Present



How does accelerated alluvial
deposition affect the N-sink

iUnction?
»  Soll saturation: IS required for denitrfication

» Acceleratedi rnparian sollldeposition has the
potential to Increase the distance hetween the
fpanan surface and the water table

. Evidence of stream channel filling was present,
WhHICH has) offiSet gains In the: rpanan surface
elevation by raising the: hydrelogic haseline of
the riparian zene and maintained hydric
conditions.



Distribution of SOC and POC with depth In
four soils with O horizons
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 Buried O horizons were subsurface carbon hotspots that
formed during shifts in land use.



Distribution of SOC and POC with depth in the
two soils comprised of mineral soil horizons
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* In mineral alluvial soils carbon distribution remained
relatively steady during shifts in land use.



Example of the distribution of the SOC:POC
ratio with depth in riparian alluvium
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IHorzons wWith morphelegic evidence: of
accumulatrons of humified carbhon had wider
SOC: POC ratios

SOC:POC usually <40 SOC:POC usually >40
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Impoertant Einadings:
Stream-side Riparian Zenes

» Net riparian sedimentation| rates Increased
supstantially'as a result of shifts in land
use

» Simultaneous channelfillingl maintained
Aydrc conditions In rparan Sells

» Carnbon hoetspots are a flnction of
alluviation: Where carbon Is bured as a
erzen or ennched durng alluvial
depositien as a result efi shifts 1 landi use
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