
SUMMARY
• The confined segment was consistently 

transport-dominated, whereas the 
unconfined segment stored water and DOC 
during high flows and exported water and 
DOC during low flows.

• GPP and ER at MC2, the outflow of the 
confined segment, were consistently lower 
than rates at MC3, the outflow of the 
unconfined segment, which peaked at 
intermediate discharges.

• Floodplain side-channel SC1 rates of GPP and 
ER rapidly increased as the water-body 
became disconnected from the main channel 
and hydrologic residence times increased.

• In the unconfined segment, energy resources 
(e.g., DOC) are stored in floodplain water-
bodies during high flows, and are then 
utilized when flows decline, residence times 
increase, and processing rates are optimized. 

• We suggest that intermittent river-floodplain 
connectivity can optimize fluvial ecosystem 
metabolism and should be considered in river 
and floodplain restoration and management 
practices that seek to enhance 
biogeochemical processing and associated 
ecosystem services.

RESEARCH SITE
• We conducted our research in a confined and 

unconfined segment of the North Saint Vrain 
Creek in Wild Basin Watershed, CO from May –
September 2015.

Elevation (m) Drainage area (Km2) Channel Length (m)

Confined 2560 82 400

Unconfined 2250 88 2100

Table 1. Confined and unconfined segment characteristics.

BACKGROUND
• North American land management practices 

have resulted in an extensive loss of 
hydrologic retention features.

• Beavers can create hydrologically retentive 
riparian wetlands (beaver meadows) in 
unconfined valley bottoms.

• Unconfined beaver meadow segments can 
develop floodplain water-bodies that shift 
from being hydrologically connected to the 
main channel during high flows (lotic) to 
disconnected (lentic) during low flows.

• We evaluate how shifts in lateral hydrologic 
connectivity influence carbon flux and 
aquatic ecosystem metabolism.

• We compare ecosystem metabolism in a 
valley-confined segment to an unconfined 
segment with strongly contrasting lateral 
hydrologic connectivity dynamics.

• Although important, lateral hydrologic 
connectivity and associated ecosystem 
services have not been fully integrated into 
river and floodplain restoration and 
management strategies.
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Figure 1. A) Location of the Wild Basin Watershed in Colorado, B) 
Wild Basin Watershed with the study area highlighted in red, and 
C) Confined and unconfined segments. We present data from three 
main channel monitoring sites (MC1, MC2, and MC3), a floodplain 
side-channel (SC1), and a floodplain pond (P1). MC1 and MC2 
bracket the confined segment, and MC2 and MC3 bracket the 
unconfined segment.
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CONCEPTUAL MODEL
• The strength of lateral hydrologic 

connectivity between the river and the 
floodplain decreases from high to low flows.

• In floodplain water-bodies (e.g., side 
channels and ponds), processing rates 
increase following hydrologic disconnection 
with the main-channel, presumably due to 
higher residence times.

• Fluvial ecosystem metabolism is optimized at 
a tradeoff between high floodplain water-
body processing rates and sufficient levels of 
connectivity between those water-bodies 
and the main channel.

RESULTS

WATER TRANSPORT AND STORAGE

STREAM ECOSYSTEM METABOLISM

Figure 2. A) Rainfall hyetograph and snow 
water equivalent1 with daily runoff at 
MC1, MC2, and MC3, B) cumulative 
water fluxes at MC1, MC2, and MC3, and 
C) daily water balances for the confined 
and unconfined segments per 100 m of 
river length. Over the monitoring period, 
there was a net positive export of 19 mm  
of water per 100 m of river along the 
confined reach, whereas there was only a 
net export of 1.2 mm of water per 100 m 
of river along the unconfined segment 
suggesting greater retention capacity 
along the unconfined segment.

Figure 6. Conceptual model of 
relationships between 
floodplain water-body 
processing rates, lateral 
hydrologic connectivity, and 
fluvial ecosystem metabolism.

DISSOLVED ORGANIC CARBON (DOC) 
TRANSPORT AND STORAGE

Figure 3. A) Relationship between cDOM
and DOC concentrations from weekly 
grab samples at MC1, MC2, and MC3, B) 
cumulative DOC fluxes at MC1, MC2, and 
MC3, and C) DOC flux balances for the 
confined and unconfined segments per 
100 m of river length. Over the 
monitoring period, the confined segment 
exported a total of 720 g ha-1 100m-1 of 
DOC, whereas the unconfined segment 
only exported a net total of 80 g ha-1

100m-1. Again, indicating greater 
retention capacity along the unconfined 
segment.

Figure 5. A) Gross 
primary productivity 
(GPP), B) ecosystem 
respiration (ER), and 
C) net ecosystem 
production (NEP) 
measured at MC2, 
MC3, SC1, and P1. 
Metabolism metrics 
were calculated using 
an open system, single 
station diurnal oxygen 
change approach2. 
Metabolism rates at 
MC2, the outflow of 
the confined segment, 
were generally lower 
and less variable than 
those at MC3, the 
outflow of the 
unconfined segment. 
Metabolism rates at 
SC1 abruptly increased 
as the hydrograph 
receded. MC2, MC3, 
and SC1 are net 
heterotrophic, 
whereas P1 is net 
autotrophic.

LATERAL HYDROLOGIC 
CONNECTIVITY METRIC

Figure 4. Metric describing the relative strength of lateral hydrologic 
connectivity between the river and floodplain water-bodies in the unconfined 
segment over the monitoring period, in which 1 = most connected and -1 = 
least connected. The connectivity metric was derived by calculating percent 
differences between normalized stage values at monitored floodplain water-
bodies (SC1 and P1 shown here) and at the main channel. Lateral hydrologic 
connectivity is strongly related to discharge.
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