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Narrative Arc 
• What is a bog and why (and how) do we grow 
cranberries on them? 

• Where is Tidmarsh farms (physically, hydrologically 
and geologically), and why did it become a 
freshwater marsh restoration… 

• Who cares about soil moisture there, and how do 
we plan to measure it? 

• What can soil moisture tell us (science)?  

• How is restoration success measured (θ ) ? 
• More about the restoration, planning observations 



Understanding the Site… 
UMass Amherst Once upon a 

(peat) bog… 



Cranberry Farming 

• Sand is applied every 1-3 years 

• Ditched and                      
drained 

• Peat below                     
maintains                               
water table                                
on the surface 



Cranberry farming is water intensive 
• Water is used for frost 

protection and harvest – 
levels can fluctuate 
dramatically 

• Farm surface is a flat, well-
drained monoculture 

• Flow-through farm 
• Farming impacts (fertilizers, 

herbicides, pesticides, 
helicopter work, weed 
harvesting in river, 
discharge after flooding) 
can be disruptive 

 

 



Where is Tidmarsh Farms? 



Where is Tidmarsh Farms? 

Map 1. Location Map

Location of the Tidmarsh Farms site and surrounding sub-watersheds in eastern Massachusetts.
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Historic maps indicate this stream valley area was once a forested swamp; modi!cations to the stream corridor 
can be traced to the 1830s, but may have begun earlier. In 1923, a dam to hold the headwaters of the Beaver 
Dam Brook was completed. The resulting 35 acre reservoir provided required "ood waters for the 143 acres of 
cranberry bogs to the north; the reservoir was drained in 2010 as it no longer served its agricultural function 
and was considered a liability to the owners. The draining of this impoundment provides a signi!cant step in the 
naturalization of this low-gradient stream system.

2 TIDMARSH FARMS, MASSACHUSETTS CLIMATE CHANGE ADAPTATION PLAN2 TIDMARSH FARMS, MASSACHUSETTS CLIMATE CHANGE ADAPTATION PLAN



• Aging infrastructure in poor condition   
(cost of  maintenance and repair; liability) 

• Reservoir no longer required for agriculture 

• Ecological and visual integrity of  stream 
and wetland ecosystems 

Removal of one barrier:  
beginning of a restoration project 



Tidmarsh Farms 
Background 

Tidmarsh Farms: 
•  577-acres total or ~17% of the watershed 
•  Wetlands and uplands 
•  Purchased in the early 1980s 
•  Cranberry farming since late 1800s 

Restoration Site: 
•  Approximately 250-acres or         

~ 7% of the entire watershed 
•  Includes 192-acres of 

conservation easement      
(NRCS WRP program) N 



Tidmarsh Farms Restoration Project 
Goals: 

1. To transform the site into a diverse and self-sustaining 
wetland and riverine habitat; 

2. To improve fish passage; and, 

3. To create a place (or opportunities) for public use and 
enjoyment. 

Actions: 

1.  An anthropogenic sand layer that is causing the site to dry 
out and essentially transition away from wetland plant 
communities; 

2. Barriers that prevent the free movement of fish, wildlife, 
water, and sediment; and, 

3. Physical simplification with no hydrologic driver for change 
(given site and watershed conditions). 



Map 1. Location Map

Location of the Tidmarsh Farms site and surrounding sub-watersheds in eastern Massachusetts.
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Historic maps indicate this stream valley area was once a forested swamp; modi!cations to the stream corridor 
can be traced to the 1830s, but may have begun earlier. In 1923, a dam to hold the headwaters of the Beaver 
Dam Brook was completed. The resulting 35 acre reservoir provided required "ood waters for the 143 acres of 
cranberry bogs to the north; the reservoir was drained in 2010 as it no longer served its agricultural function 
and was considered a liability to the owners. The draining of this impoundment provides a signi!cant step in the 
naturalization of this low-gradient stream system.
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Aerial photography (2008) in and around the Tidmarsh Farms site.  Aerial photography acquired from MassGIS.  Road data
from MassGIS. Watershed boundary combined from National Elevation Dataset (USGS) and MassGIS drainage sub-basins
data.

Approximate Beaver Dam Brook Watershed boundary

Tidmarsh Farms property boundary

Current environmental restoration area

±0 0.5

Miles

Map 2. Aerial Photograph of the Beaver Dam Brook Watershed

Aerial photography (2008) in and around the Tidmarsh Farms site. Aerial photography acquired from MassGIS. Road data from 
MassGIS. Watershed boundary combined from National Elevation Dataset (USGS) and MassGIS drainage sub-basins data.
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To the east, the property includes a small connector channel to Fresh Pond, a 63 acre pond surrounded by 
dense development. The northern-most extent of Beaver Dam Brook on the property !ows through a Red 
Maple swamp before the property ends at the State Route 3A. Many of the shops, restaurants and businesses 
in the Village of Manomet are located along this Route 3A corridor. After exiting the property, the brook 
continues northwards for another mile before entering Bartlett Pond, a 33 acre pond whose out!ow is at White 
Horse Beach, a densely built oceanfront community that surrounds Bartlett Pond. The western portion of the 
watershed is part of the open space buffering the Pilgrim Nuclear Power Station (Map 2).

2 TIDMARSH FARMS, MASSACHUSETTS CLIMATE CHANGE ADAPTATION PLAN MANOMET CENTER FOR CONSERVATION SCIENCES  |  MAY 2013 32 TIDMARSH FARMS, MASSACHUSETTS CLIMATE CHANGE ADAPTATION PLAN

N 



Tidmarsh Farms Restoration Project 
Criteria for success: 

1. establishment of hydrological conditions and a soil 
moisture regime capable of supporting native wetland 
plant communities; 
2. elimination of all barriers, 

3. improvement to stream and wetland habitat. 
Contingency Plans: 

1. Insufficient soil moisture to support wetland 
communities.; 

2. Significant colonization by invasive non-native 
species. 



Hydrologic 
Context 

• Beaver Pond Brook 
Surface Watershed 

• Part of Plymouth-Carver 
Groundwater Aquifer 

• Isostatic rebound drives 
freshwater discharge 
toward the coast 

N 



Groundwater 
Dominates 

• Control on water 
temperature 

• Responsible for majority 
of discharge in Beaver 
Pond Brook 

• Strongly dependent on 
subsurface geology 

N 





Looong groundwater flow paths… 

N 



Groundwater discharge zone, water 
comes from the west N

 



Soil Moisture Monitoring 
Significance? 

• soil moisture monitoring is the first indicator of 
“hydraulic” success of restoration 

• soil moisture controls development of wetland 
plant communities and site ecohydrology 

Uncertainties: 

• Will it be wet enough (to support wetland plants)? 

• Will invasives take over (before the natives can)? 

Tests: 

• Distributed and long-term soil moisture  

 



Soil Moisture Monitoring 
N 



Gravimetric  
0-6 cm 

Soil Moisture Initial Survey 
July 22-23, 2014 
UMass and MHC N

 

91% 
14% 

24% 

74% 



Dynamax TH2O 
0-6 cm 

Soil Moisture Initial Survey 
July 22-23, 2014 
UMass and MHC N

 

107% 
8% 33% 

84% 



Gravimetric  
6-12 cm 

Soil Moisture Initial Survey 
July 22-23, 2014 
UMass and MHC N

 

90% 
7% 

20% 

88% 



Soil Moisture Monitoring 
What question(s) the group is asking (significant/interesting)? 

Do soil moisture patterns predict development of ecohydrology? 
Do soil thermal properties (and/or moisture profiles) indicate specific 
nutrient regimes that support different ecotones? 
Will microtopography generate large variability in surface moisture? 
Will instream and landscape structures increase surface moisture? 

What data has been collected and what are the main findings thus far? 
Dynamax TH2O and gravimetric soil moisture values are comparable 
Further calibration is required for robust comparisons 
Surface moisture across the site is varied and too dry for wetland plants 

What you are doing next (e.g. 5 year plan)? 
Install fiber-optic temperature transect (permanent) 
Install 3-4 long-term monitoring stations for ground-truthing all sensor 
networks 
Collect periodic gravimetric and Dynamax TH2O survey data 

 



N
 

Engineering Plans for Restoration 



Red Maple 
Swamp 

Where are habitat types expected? 

Atlantic White 
Cedars? 

Forest 

Fen / 
Marsh 

Forest 

Forest 

Forest 

Grassland 

Grassland 

Grassland Fen / 
Marsh 

Fen / 
Marsh 

Grassland 

N
 

Atlantic White 
Cedars? 



Goals for cable placement 

• Capture as many expected habitat/ ecosystem 
types as possible – represent entire site 

• ~1500m (4900ft) linear transect across the site 

• Intersect places that were dry and will be wet 

• Intersect places that were wet and will be dry 

• Cross new/ restored and former channel 

• Cross old ditches, run down old ditches 

• Feasible and complement individual sensors 



N
 Peat Thickness 



Mother Nature and Father Time1	


The end of “construction” is the 
start of restoration trajectory 

1.   Commonly credited to William Mitch, OSU 

Time = 100 years? 

Time = 0 

Time = 4 months   

Photos from Eel River Headwaters (Plymouth) 
First comprehensive cranberry farm restoration project 

Time = 3 years 



• Farming ceased in 2009 

• Impoundment was drained in 2010 



November 2010 



August 2011 



September 2012 



Photos courtesy of NH Division of Forests and Lands 

Floodplain Red Maple Swamp 

Mixed Fen 

Marsh 

Atlantic White Cedar Swamp 

Wetland Communities in 5, 10, 25, 50, 100 years??? 



Forest Seep (S4) 
State Status: None 

Federal Status: None 

 Description:  Forest Seeps are a very small patch 
(< 1 acre) community, characterized by northern 
hardwoods in the canopy and a diverse assemblage 
on the surface adapted to wet conditions. There 
may be substantial downed logs due to wet soils 
and rooting zones promoting periodic windthrow. 
These seeps may occur in disjunct patches along a 
slope or along forested river banks or wetland 
edges. They may also occur in wide or narrow 
draws along a slope where topography favors 
groundwater discharge. 

Environment:  Seeps form near headwaters of 
streams, on slopes, or at the base of a slope where 
groundwater discharges to the surface. 
Groundwater typically flows year round and at a 
relatively constant temperature of between 40 and 
50 degrees F. This may result in early snow melt or 
even snow free areas in the forest. While generally 
discharging water, these seeps may recharge 
groundwater in some conditions. Soils are 
generally mineral soils and may be deep and 
contain organic material, or may be shallow and 
primarily alluvial material from periodic high 
flows. 

Characteristic Species: Canopy and subcanopy 
species are typical of northern hardwoods and 
include sugar maple (Acer saccharum), red maple 
(Acer rubrum), American beech (Fagus 
grandifolia), white ash (Fraxinus americana), 
yellow birch (Betula alleghaniensis), paper birch 
(Betula papyrifera), hemlock (Tsuga canadensis), 
white pine (Pinus strobus) red oak (Quercus 
rubra), black gum (Nyssa sylvatica), tulip poplar 
(Liriodendron tulipifera), shagbark hickory (Carya 
ovata) and possibly red spruce (Picea rubens) 
depending on the composition of the surrounding 
forest. 

Some occurrences have been described as sloping 
red maple swamps and, along with red maple,  

Shrubby seep in northern hardwood forest matrix, 
with mixed shrubs, ferns, and herbaceous plants. 
Photo: Charles Eiseman. 

 A narrow seep with sphagnum moss. Beverly Vucson,
Dept. of Fish & Game. 

Please allow the Natural Heritage & Endangered Species Program to continue to conserve the biodiversity of Massachusetts with a contribution for 
‘endangered wildlife conservation’ on your state income tax form as these donations comprise a significant portion of our operating budget. 

 

      
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

 
 
 
 
 
 
 

 

 
 

 
 

 
 
 

 
 

 
 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Sandplain Grassland S1 
State Status: None   

Federal Status: None   

Above: Sandplain Grassland with mixed species including 
shrub clumps and trees where not managed. Photo: P.C. 
Swain, NHESP. Below: Sandplain grassland showing textures 
reflecting different managements. Photo: B.A. Sorrie, NHESP 

Description: Sandplain Grasslands are essentially 
treeless communities dominated by native grasses and 
herbaceous species with sparse shrubs and patches of 
bare soil and lichens. 

Environment: Sandplain Grasslands occur primarily 
near the coast on flat plains consisting of sandy 
outwash, the material left from meltwaters of the 
retreating glaciers some 12-15,000 years ago, or sandy 
plains left by glacial lakes near current rivers. The 
sandy soils are generally are well-drained, and low in 
nutrients. Coastal occurrences are influenced by wind 
and salt spray that can stress plants by damaging or 
killing leaf tissue. In addition, these flat and open 
environments may contain frost pockets, within which 
frost can occur throughout the growing season and 
further reduces establishment and growth of woody 
species as leaves are killed by growing season frosts. 
Anthropogenic occurrences of the community can now 
be found along power line rights of way and small 
airports that are managed to exclude tall woody plants. 

Before European settlement, small patches of 
Sandplain Grassland in a mosaic with Pitch Pine – 
Scrub Oak barrens and coastal heathlands within 
surrounding forests were likely maintained by fire and 
salt spray. Native American use of fire likely created or 
maintained grassland and shrubland habitat, but not on 
the scale seen after European settlement. Some of the 
current grasslands are likely the result of extensive 
clearing for agriculture that occurred following 
European settlement, some as expansions of original 
smaller occurrences and others created on poor sandy 
soils cleared of trees for grazing and crops. With farm 
abandonment, woody species have reclaimed many 
fields that were opened for agriculture. 

Characteristic Indicator Species: Indicators include 
Goat’s rue (Tephrosia virginiana), yellow wild indigo 
(Baptisia tinctoria), butterfly weed (Asclepias tuberosa 
WL), orange grass (Hypericum gentianoides), gray 
goldenrod (Solidago nemoralis), asters (for example, 

Please allow the Natural Heritage & Endangered Species Program to continue to conserve the biodiversity of Massachusetts with a contribution for 
‘endangered wildlife conservation’ on your state income tax form as these donations comprise a significant portion of our operating budget. 

Sandplain Grassland Forest Seep 

Other Habitat Types already established 

Snapping Turtle looking for a spot 

The Knoll with Little Bluestem 

Forest Seep (S4) 
State Status: None 

Federal Status: None 

 Description:  Forest Seeps are a very small patch 
(< 1 acre) community, characterized by northern 
hardwoods in the canopy and a diverse assemblage 
on the surface adapted to wet conditions. There 
may be substantial downed logs due to wet soils 
and rooting zones promoting periodic windthrow. 
These seeps may occur in disjunct patches along a 
slope or along forested river banks or wetland 
edges. They may also occur in wide or narrow 
draws along a slope where topography favors 
groundwater discharge. 

Environment:  Seeps form near headwaters of 
streams, on slopes, or at the base of a slope where 
groundwater discharges to the surface. 
Groundwater typically flows year round and at a 
relatively constant temperature of between 40 and 
50 degrees F. This may result in early snow melt or 
even snow free areas in the forest. While generally 
discharging water, these seeps may recharge 
groundwater in some conditions. Soils are 
generally mineral soils and may be deep and 
contain organic material, or may be shallow and 
primarily alluvial material from periodic high 
flows. 

Characteristic Species: Canopy and subcanopy 
species are typical of northern hardwoods and 
include sugar maple (Acer saccharum), red maple 
(Acer rubrum), American beech (Fagus 
grandifolia), white ash (Fraxinus americana), 
yellow birch (Betula alleghaniensis), paper birch 
(Betula papyrifera), hemlock (Tsuga canadensis), 
white pine (Pinus strobus) red oak (Quercus 
rubra), black gum (Nyssa sylvatica), tulip poplar 
(Liriodendron tulipifera), shagbark hickory (Carya 
ovata) and possibly red spruce (Picea rubens) 
depending on the composition of the surrounding 
forest. 

Some occurrences have been described as sloping 
red maple swamps and, along with red maple,  

Shrubby seep in northern hardwood forest matrix, 
with mixed shrubs, ferns, and herbaceous plants. 
Photo: Charles Eiseman. 

 A narrow seep with sphagnum moss. Beverly Vucson,
Dept. of Fish & Game. 

Please allow the Natural Heritage & Endangered Species Program to continue to conserve the biodiversity of Massachusetts with a contribution for 
‘endangered wildlife conservation’ on your state income tax form as these donations comprise a significant portion of our operating budget. 

Photos courtesy of NHESP Fact Sheets 

Upland Forest & Woodlands 

G. Davenport 

G. Davenport 
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SW Cable: 518m (1700ft) 
NE Cable: 1280m (4200ft)  



Science Questions for DTS 
• How do invasives (phragmites?) behave hydrologically or 
thermally that is different than wetland plants?  Can we resolve 
these differences?  Can we devise an “early warning”? 

• Can we resolve microhabitat structure? Do these correspond to 
evolving surface plant communities? 

• How effective is the cut-and-fill approach to changing the 
hydrology on the site?  Is there significant flow through (sand) 
filled ditches?  Is this thermally distinct from parallel flow through 
untrenched areas? 

• How effectively was the main channel diverted?  Is it colder than 
it was (i.e. more GW)?  Is there still significant flow through the 
former (anthropogenic) channel? 

• Where would long-term ground-truth monitoring be most 
effective?  3 or 4 sites. 



The Public Laboratory for Open Technology and Science 

KITE MAPPING 

DoppelLab	


CREDIT: GERSHON DUBLON, ET AL. 

Physical and Virtual Extensions: Mapping, Soundscapes, Real-time Data, Science for Public Engagement	


Web Visualization	


documentaryMapper, Lee et al 

Virtual Tidmarsh	




Much of the material presented here courtesy of: Alex 
Hackman, Mass. Division of Ecological Restoration, and 
Glorianna Davenport & Evan Schulman,Tidmarsh Farms, 
Inc. and Living Observatory 

Tidmarsh Farms, Inc.	

http://tidmarshfarms.com/	


Living Observatory on Twitter	

https://twitter.com/livingtidmarsh	


Living Observatory on Facebook	

https://www.facebook.com/LivingObservatory	


Living Observatory	

http://tidmarsh.media.mit.edu	




Atlantic White Cedar 

N
 



Soil Moisture Monitoring 
N 



Site	  name	   Loca,on	  (Decimal	  degrees)	   Date	  Time	  Mineral	  Gravimetric	  Moisture	  
Northing	   Wes,ng	   θ	  (%)	   0-‐6cm	   6-‐12cm	  
(dec.	  deg)	   (dec.	  deg)	   θ	  (%)	   θ	  (%)	  

GSM	  001	   41.897850	   70.568733	   7/22/14	   107	   91%	   90.4%	  
GSM	  002	   41.899217	   70.569450	   7/22/14	   106.2	   81%	   82.4%	  
GSM	  003	   41.900533	   70.572033	   7/22/14	   100.5	   75%	   77.1%	  
GSM	  004	   41.902767	   70.571350	   7/22/14	   33.6	   35%	   17.1%	  
GSM	  005	   41.901550	   70.572500	   7/22/14	   73.9	   59%	   55.4%	  
GSM	  006	   41.902450	   70.572417	   7/22/14	   43.2	   28%	   18.5%	  
GSM	  007	   41.902617	   70.569750	   7/23/14	   14.7	   8%	   7.1%	  
GSM	  008	   41.903667	   70.572667	   7/22/14	   39.2	   26%	   30.0%	  
GSM	  009	   41.904067	   70.572517	   7/22/14	   30.6	   26%	   27.1%	  
GSM	  010	   41.905167	   70.570133	   7/23/14	   29.4	   16%	   26.3%	  
GSM	  011	   41.905800	   70.571567	   7/22/14	   31.8	   22%	   19.3%	  
GSM	  012	   41.905967	   70.569767	   7/23/14	   15.1	   20%	   24.4%	  
GSM	  013	   41.906933	   70.572033	   7/22/14	   25.7	   25%	   19.8%	  
GSM	  014	   41.903433	   70.567783	   7/23/14	   37.2	   29%	   24.0%	  
GSM	  015	   41.904933	   70.565733	   7/23/14	   30.3	   22%	   14.6%	  

Soil Moisture Monitoring DATA 



Site	  name	   Loca,on	  (Decimal	  degrees)	   Date	  Time	  Mineral	  Gravimetric	  Moisture	  
Northing	   Wes,ng	   θ	  (%)	   0-‐6cm	   6-‐12cm	  
(dec.	  deg)	   (dec.	  deg)	   θ	  (%)	   θ	  (%)	  

GSM	  016	   41.905217	   70.564150	   7/23/14	   32.3	   20%	   39.6%	  
GSM	  017	   41.906383	   70.564967	   7/23/14	   34.9	   34%	   22.9%	  
GSM	  018	   41.907883	   70.562217	   7/23/14	   92.6	   44%	   24.8%	  
GSM	  019	   41.909700	   70.564517	   7/23/14	   12.8	   10%	   9.8%	  
GSM	  020	   41.908200	   70.567550	   7/23/14	   14.1	   11%	   10.6%	  
GSM	  021	   41.907150	   70.568733	   7/23/14	   25.4	   30%	   13.4%	  
GSM	  022	   41.907467	   70.569433	   7/23/14	   6.9	   12%	   15.1%	  
GSM	  023	   41.908200	   70.570233	   7/23/14	   33.1	   24%	   19.9%	  
GSM	  024	   41.908583	   70.571483	   7/22/14	   43.1	   30%	   21.6%	  
GSM	  024.1	   41.908558	   70.571483	   7/22/14	   22.5	   10%	   16.0%	  
GSM	  024.2	   41.908600	   70.571572	   7/22/14	   36.6	   26%	   14.1%	  
GSM	  024.3	   41.908619	   70.571483	   7/22/14	   35.5	   21%	   18.4%	  
GSM	  025	   41.909183	   70.570700	   7/22/14	   13.6	   12%	   6.8%	  
GSM	  026	   41.909667	   70.571150	   7/23/14	   45.6	   34%	   14.8%	  
GSM	  027	   41.912133	   70.567183	   7/23/14	   9.9	   8%	   4.3%	  
GSM	  028	   41.912633	   70.567683	   7/23/14	   27.4	   22%	   9.8%	  
GSM	  029	   41.914017	   70.565650	   7/22/14	   74.4	   84%	   88.4%	  
GSM	  030	   41.914217	   70.566267	   7/22/14	   66.4	   75%	   79.4%	  


