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Export of detritus and invertebrates from 
headwater streams: linking mountaintop 
removal and valley fill coal mining to 
downstream receiving waters
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Data from U.S. Department of Energy, Energy Information Agency 2010

Presenter
Presentation Notes
Here’s DOE’s outlook for CO2 emissions. The burning of fossil fuels is the primary anthropogenic source in the US, in particular burning gas for transportation and burning coal for electricity.

A major focus in combating climate change has been reducing emissions and not really the combined impacts of climate change and fossil fuel production on water quality.
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Presenter
Presentation Notes
Here are some data from DOE on the history and outlook of the 3 major fossil fuels produced in the US plotted on an equivalent scale.  Coal production is predicted to increase steadily through the next 20 years.  Given the current situation in the Gulf, it is likely that future production estimates are likely to change, possibly increase domestic coal production.
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Mountaintop removal and 
valley fill (MTR/VF) coal mining

• Permanently buries 
headwater streams.

• Extreme watershed 
manipulation.

• Altered topography, 
hydrology & geochemistry.

Photo: WVGES Photo: WV\MineSafety

Presenter
Presentation Notes
The MTR/VF coal mining method has been used in the central Appalachians since the early 1970s, but really increased in the 1990s.

Basically, the overlying mountaintops or spoil are blasted and excavated to reach the underlying coal seams.  The spoil is dumped into adjacent valleys which bury headwater streams.

Over 3000 km of C. Appalachian headwater streams were estimated to be permanently buried.

This happens on a large scale, often with fills occurring each tributary valley in a basin – resulting in extreme manipulations of watersheds
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Objective

Compare detritus & 
invertebrate export from 
tributaries draining 
forested & MTR/VF 
mined catchments.

Presenter
Presentation Notes
My presentation will cover one of the endpoints of a larger study that compared various structural and functional characteristics in mined and forested catchments.  The objective here was to compare detrital and invertebrate subsidies to from mined and forested catchments to a downstream receiving water.
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• 5 mined & 5 forested catchments

• 1st - 2nd order streams

• Drainage area: 0.6 - 5.3 km2
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Presenter
Presentation Notes
Our study location was in southern West Virginia.  We had 5 mined (yellow) and 5 forested (white) 1st-2nd order tributary catchments within the Twentymile Creek basin (which is a tributary to the Gauley River).  Drainage areas of the study catchments ranged from .6 to 5.3 km2.  

http://www.esg.montana.edu/cgi-bin/gl?125.00024.000065.00050.00012000676000.000000.0000
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Study catchments
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Presenter
Presentation Notes
Percent forest land cover for Forested catchments were near 100%, whereas mined catchments ranged from 8 to 62%.  The length of upstream channel ranged from <1 to almost 6 km.  The estimated percent of tributary channel filled in mined catchments ranged from 30 to almost 70%.  Conductivity for forested channels was <100 uS, whereas mined ranged from over 1200 to almost 2500 uS.
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Methods

• Drift nets (250 µm)
– Seasonally (Dec, Feb, Apr & July)
– Deployed for ~ 1d (0.71-1.06)
– 85.2 ± 2.3% of discharge captured

• Fractions
– Coarse detritus (>2 mm)
– Fine detritus (<2 mm)
– Sediment
– Invertebrates (coarse + subsample)

Presenter
Presentation Notes
We collected detritus and invertebrates over 24 hr seasonally with drift nets capturing on average 85% of the discharge near the outlets of the tributaries.

These were frozen and sorted in the lab into 4 fractions: coarse detritus, fine detritus, sediment & invertebrates.  All invertebrates captured on 2 mm sieve were identified and measured, whereas those <2mm were subsampled.
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Detritus export
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Presenter
Presentation Notes
Results:  White= forest and black = MTR/VF.  Bars are means with SE for error bars.  We saw an expected seasonal pattern in coarse detritus export, where December had the highest and July & April have lower.  We did not see differences between forested and mined catchments for coarse or fine detritus export even after adjusting for black carbon.
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Detritus export

No relationships 
between detritus 
export and standing 
stock.
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Presenter
Presentation Notes
Open circles are values from forest and closed from mined.  We did not see any relationship between standing crop and export for coarse and fine detritus.
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Invertebrate export

No catchment 
treatment differences 
(also for aquatic taxa 
only).

Significant interaction 
with time for drift 
density.
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Presenter
Presentation Notes
White = forest and black = mined.  Still working up the July data for the invertebrates.  No differences between forest and mined for invertebrate export, estimated biomass or drift density.  We did see a significant interaction with time, where invertebrate drift density declined over time in forested catchments but not mined catchments.
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Invertebrate export

Mayflies: Forest > MTR/VF

Dominant groups by mass
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Presenter
Presentation Notes
Supporting previous findings regarding strong mining impacts to mayflies, we found significantly lower mayfly biomass and densities from mined catchments compared to that from forested catchments.

The dominant taxonomic groups in terms of biomass differed between mined and forest catchments, with stoneflies and mayflies dominanting in forested export whereas dipterans dominated export from mined catchments.
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Detritus and invertebrate import 
from headwater streams

• Based on Wipfli & Gregovich 2002 (Id/i = Ed/i x 2N)

Study Location Id
g km-1 d-1

Ii
mg km-1 d-1

Wipfli & 
Gregovich 2002

SE Alaska 78
(7 – 2120)

1210
(12 – 18,210)

Present study Twentymile 
Creek, WV

76
(0.2 – 339)

1237*
(3 – 9616)

* Does not include July data

Presenter
Presentation Notes
Wiplfi & Gregovich estimated import from headwater streams in southeastern Alaska by estimating the frequency of headwater tributaries entering downstream salmonid habitat on per kilometer basis.  Here are mass values estimated from this study entering the downstream Twentymile Creek.  We see comparable mean values for detritus (fine and coarse combined) and invertebrates, however our ranges are on the lower end of those estimated for southeastern Alaskan headwaters.
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Summary

• Detritus and total invertebrate 
quantities did not differ, however 
differences did exist in the 
taxonomic composition of 
invertebrate export.

• Headwater subsidies comparable to 
the substantial values estimated 
from forested headwaters in 
southeastern AK.

• Further research is needed to 
assess possible cumulative impacts 
of MTR/VF on  downstream 
productivity and food webs.

Presenter
Presentation Notes
Despite having reduced forest cover and upstream channel in mined catchments, we did not find quantitatively lower detrital subsidies to the receiving channel compared to forested catchments.  However, we did find that invertebrate export differed taxonomically and this could have implications on the downstream foodwebs.

Subsidies from headwater streams were comparable to substantial estimates from forested headwater streams feeding salmonid habitat in Alaska.

Further research is needed to assess cumulatively the potential downstream impacts MTR/VF has on productivity and food webs of receiving waters.  In particular exposure to possible contaminants associated with MTR/VF like selenium.
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