Linking landuse to patterns in coastal stream discharge and
loading of nutrients and suspended solids
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Why is stormwater a concern in
estuaries?

Nutrients

Sediments Not just pollution
Fresh water

Pathogens
Toxins




Nutrients

* Fuel excessive primary productivity which leads to
unsustainable levels of carbon loading
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Excessive nutrient loading can also cause shifts in
primary producer communities

oaiogy, 32(4), 2001, 3p, 10071022
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MACROALGAL CANOPIES CONTRIBUTE TO EELGRASS
(ZOSTERA MARINA) DECLINE IN TEMPERATE
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FIGURE 6-1 As nutrient loading is increased over the range of globally observed =
levels, it is hypothesized that different types of estuaries differ in their suscepti-
bility to eutrophication. (A) This figure shows hypothetical Dose-Response Eelgrass
Curves for three major types of coastal systems: Salt Marsh Dominated Estuary | *
(SME), Plankton Dominated Drowned River Valley Estuary (DRVE), Seagrass 0 100 200 g 400

Dominated Estuary (SGE). At the lowest levels of nitrogen loading (0.01 to 0.01
moles N m2 yr!), each of the systems is likely to be oligotrophic (low level of
productivity). Salt marsh estuaries are naturally more productive than seagrass
dominated and plankton dominated drowned river valley estuaries. Seagrass
dominated estuaries are likely to be the most sensitive to nutrient enrichment,
shown by the rapid rise in eutrophication severity as nitrogen loading is increased
from 0.1 to 1.0 moles N m~2yr!. Salt marsh estuaries are expected to be the least
sensitive to nutrient enrichment, which is illustrated by the slow rise in eutroph-
ication severity only after nitrogen loading exceeds 1.0 moles N m=2 yr~! [unpub-
lished figure by C. Hopkinson).

Nitragen loading rate (kg N-ha™yr)

Fraz. 1. Biomass of macroalgae and eslgrazs (Zorvera ma-
ring) and maxinmm macroalgal canopy beizhts in three es-
tuanes of Waquoit Bay, Maszachusetts, USA., that differ
their land-derived nitrogen loading rates. Biomass and can-
opy-height data were collected monthly for three vears (1995—
1907 at 10 sites per esmary (J. Hamwell and J. McClelland,
unpubiished dora); values are means + 1 8. The estuary with
the lowest mirogen loading rate i3 Sage Lot Pond (3
kgz-ha-t-yr-"), the ssmary with the intermediare M loadme rats
s Quazhper Fiver (300 kg-ha-'wr7), and the estuary with
the highest 27 loading rate is Childs Piver (210 kg-ha—"y1-")
(WValiela et al. 1997a).



Catastropic shifts...

state 2

Indicator

state 1

threshold
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Driver

point of no return

Scheffer et al., 2001



Potential for unpredictable losses
of estuarine habitat

Short & Burdick (1996)
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But estuaries require some nutrients...

cuano, fishing
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Sediments can impair coastal ecosystem function

Mormal sediment load

Increased sediment load

http://www.ozestuaries.org



But don't forget the marshes...

‘ Rising Sea Level
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Modified from: Cahoon, DR., J.W. Day, Jr., and D. J. Reed. 1999. The influence of surface
and shallow subsurface soil processes on wetland elevation: a synthesis. In, Current Topics
in Wetland Biogeochemistry, Vol. 3. pp. 72-88, Wetland Biogeochemistry Institute,
Louisiana State University, USA.



Too much freshwater?

‘Freshening of tidal creeks
-Selection for freshwater species

Or just enough?

Salt Wedge Estuary

Freshwater ﬂww 0pm
from the

Seabed

www.narrabay.com




Why coastal streams?

Not much data on coastal stream material
loading

Receiving waters are valuable and sensitive

Materials being delivered have diverse
effects

Regulations focused on coastal watersheds
would benefit from additional data




Courtesy of M. Brush

Cogdel

French

Freeman

Gillets

Tarawa

Camp Johnson
Air Station
Southwest Creek
Courthouse Bay
Traps

25.02
3.43
3.69
7.79
45.92

49.94
8.60

62.64
12.52



Does land use affect base- and storm-flow
loading of nutrients and total suspended solids
from coastal streams?
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Percentage of each constituent delivered in
storm-flow

Reference 35 59 51 45 35 52 51
Affected 51 69 63 49 61 58 57
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Great Sandy

7 Jaskscnviie”

NNNNNN

Tidal Creeks
New River Estu
Benthic

Are there seasonal
patterns in material
loading from
coastal streams?
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How NRE stream loads compare to other coastal systems?

o I * Legend

, g e kg/ha
L * Southwest 0.13
% A NR Air 5.89

o lmk Camp

R Johnson 5.92
We = . Tarawa 0.85
<" a0 _ g French 0.03
A mr % 0 85 Cogdel 0.09
Hap Y e N, Traps 0.06
e > L ’ , 4'\& Courthouse 0.95
E - Gillets 0.09
g e —— Freeman 0.04

Chesapeake Bay tributaries 0.36-6.35 kg/ha (Correll et al 1992)

0.03-0.2 kg/ha (Kaushal et al 2008)
2.9-15.3 kg/ha (Kaushal et al 2008)
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Baltimore LTER



Are changes in
loading of
nutrients and
TSS correlated
with changes in
land use?
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Nutrient and TSS loading summary Management implications

Mean values of all loads were higher sy Increased development will likely lead to
at affected sites compared to larger loads
reference sites

Storm-flow did not always deliver  _y Coastal stormwater management

larger proportions of load at affected approaches may need to be revisited to
sites compared to reference sites ensure they are targeting the majority of
the loading

Loads from streams were on the low __, Current land management appears sound
end of ranges from other studies

Imperviousness was correlated with ======) More evidence that increased development
loading will increase loading



of development'
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Proportions of storm- versus base-flow loading varied by constituent
and did not have a consistent relationship with degree of
development -

Total loading from coastal creeks was likely a small part of the total
budget of each constituent, but the load is delivered to sensitive
areas of the estuary

Remediation of stormwater pollution will have to consider the
equivocal impacts of the materials loaded
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