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Research Motivation & Objectives
e Motivation: 10 understand the impact of Climate change, sea-level rise, and
II land-use on freshwater biogeochemistry

* Key linking question: How are watershed inputs and geomorphic changes
influencing nutrient cycling and organic matter fate?

« What we measure: NO3, NH4, CI, SO4, PO4, Si, DOC, DON, TDN, TDP, TSS,
POC/PON, fDOM

e St u a ry Headwaters

« Macro nutrients (N/P) influence primary
production

« Silica influence algal production and
food webs

» TSS is critical for a marsh to keep pace
with sea level rise

« DOC exports impact the browning
of coastal waters
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I Study Area &
Watersheds

arke ,

| ocation: North shore of
MA; focuses on Ipswich
and Parker River
watersheds
Ipswich R.,

» Description of site N. Reading
diversity: Two dam/mouth
sites vs. three headwater
sites

e Land-use differences
affecting water quality
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Cart Creek 3.96 8 57 19 5 1
Saw Mill Br. 4.02 4 17 4 2 72
Cedar Swamp 1.40 6 36 49 0 9




Monitoring Program
* Integrated approach: ‘

« 21-day grab sampling routine

* in situ high-frequency sensors
(recent)

* long-term autosamplers
* regular stream discharge
gaging and site inspections
* Multi-scale sampling across
S diverse sites

e Coordination with broader
LTER and local initiatives




Understanding Role of River Network in
Export to Estuary

* Integrated Approach: Focus on paired 35
sampling at headwater sites and  Export to
corresponding mouth-of-river sites 30 Estuary
. _ X 75 ¢ Loading to River
* Key Transition Zone: Permanent dam 5 Network Spring Si
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 Dynamic Processes: Assess how 8 15 ..
biogeochemical signatures evolve from 7 10 - o :
headwater generation to transformation o . ® gt o e o
the river mouth S g e : ]
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Water Quality Trends

*DOC increasing: all sites, showing

Increased input or reduced

degradation, wetland site highest rate

* DIN decreasing: most sites,
including forest and wetland, possibly
iIndicating less deposition or improved

pollution control
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Water Quality Trends

*DOC increasing: all sites, showing

Increased input or reduced

degradation, wetland site highest rate
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iIndicating less deposition or improved

pollution control

Parker Dam (River Mouth) — DOC

[ ]
L (mg/L) .
L[] [ ]
° ]
L]
10t . ®.e
- ® oo
° ° .‘. ) ..0
—_ [ ]
= sl :. ,o:.o > ‘o. . . . '. e
()] . L o g °
€ ® eee o .. ‘:_.. —————
- 0 0 | g e aa® ¥ e ———
Q TR PN Ur SRR bl 1"
O 6 - e Te ® o'o-’ - ®.1% .0 i .0'.
(@) ° 8 @ oo o %0 o o8 oo
°® L I ® e acve’ . ® %ee
P ° [ . ° ° e °®
al L) '.t oo ® o2 ° 9 P . 00‘
° bk 3
{ ]
0.5 mg/decade
. .
............ Increase .
S AP XO O A D O.OND L\f@mo}ox'»%uoa
O L'V OO " 0" O O D7 & ) VATV
GV S v S S G e Sl S @’? . NP AP g qp
lpswich Dam (River Mouth) — NO3
(mg/L) - .
L ]
0.4} .o
[ ]
[}
—_ [ ]
03¢} %
= .
o ®
E -
0.2 o2 >
8 ———_q_-‘._ ° °
=z T et~ & -
° ° 7"-;--,'._
e ° .. .’. ... o T mm=al
0.1F P "o e ® ° pe ‘: ______
° ® ° ’ & ... ° ——
] [ ]
= ] :. b~ ‘ ..f 3.:.'..} 5 “:.'.'.
0.0t ® ' -" Pog ® @ o
& L B o S B B O WSS 5D o B D A A o e
S G g S S A e N g N SN N S Ry L | o ¥
G I o S Sl R iV Sl S S S Sl Sl ol



Water Quality Trends

* DON: increasing only at forest site,
possible influence of beaver activity

e Cl: significantly increasing at the
urban site, likely due to road salt
applications

Cart Creek (Forest) — DON
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High-Frequency Monitoring Data

e Measurements:
II « TSS: Daily resolution for sediment dynamics

« fDOM, NO3 & Turbidity: 15-minute resolution capturing rapid biogeochemical and optical
changes

* Objective: To better understand how storms (and their
characteristics) are impacting export of NO3, fDOM, TSS
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High-Frequency Monitoring Data
II e Measurements:

« TSS: Daily resolution for sediment dynamics
« fDOM, NO3 & Turbidity: 15-minute resolution capturing rapid biogeochemical and optical
changes
* Objective: To better understand how storms (and their

characteristics) are impacting export of NO3, fDOM, TSS
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High-Frequency Monitoring Data

e Measurements:

« TSS: Daily resolution for sediment dynamics

« fDOM, NO3 & Turbidity: 15-minute resolution capturing rapid biogeochemical and optical
changes

* Objective: To better understand how storms (and their
characteristics) are impacting export of NO3, fDOM, TSS
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Conclusions & Implications for
Watershed Dynamics

* Integrated Monitoring Outcomes:

 Paired headwater and mouth-of-river sampling reveals clear biogeochemical
transformations along the river network

« Observed temporal trends in nutrient concentrations, organic matter, and physical
parameters serve as critical indicators of watershed influences

* Informing Estuarine Drivers:

» Watershed monitoring provides insight into ﬂotential_driversée.g., land use,
hydrologic modifications, dam operations) that may impact downstream estuarine
processes

« Data serves as a baseline to forecast changes in river-to-estuary transfers under
variable climatic and anthropogenic conditions

» Continued collaboration is essential to integrate watershed findings with broader
coastal monitoring efforts



Other Work

II * Microplastic study investigating flux to the estuary and modeling

* Detailed beaver pond study looking at metabolism, nutrient balance, nitrogen
enrichment, and greenhouse gas fluxes

 Looking into detailed storm classification and the role of hydrologic variability on
biogeochemical responses

 Further work to do on beaver ponds, organic lability, small pond storm response
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