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Modern development contributes more phosphorus and sediment

than a forested site
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Presentation Notes
Then take the same lot and clear the entire thing, flatten it and put in lawn, a paved drive and a much bigger home. Remove the natural buffer and you get 5 times the runoff of water, that brings with it 7 times the phosphorus and 18 times the sediment.  That’s a big difference.  But, one house on a lake isn’t all that much.  The trouble is, we aren’t talking about one house on a lake, we are talking about a lot of lakeshore undergoing this conversion.  As of 2003, 55% of Seymour’s 25’ inland natural line of defense was gone.  
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We know this stressor to lakes Is widespread

Comparison of Extent and Severity of Stressors in Northeastern Lakes
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Because it was a probability based study, EPA could then use the data from the 345 lakes sampled to extrapolate to all lakes in New England.  They calculated the percentages of lakes in the northeast subject to moderate and high levels of stress from five sources of stress regionwide.
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The result of removing the vegetated buffer

& increasing impervious surface area


Presenter
Presentation Notes
Our Vermont study found statistically significant differences between unbuffered developed and undeveloped (reference) sites on lakes for a variety of aquatic habitat measurements.

Shoreline vegetation, woody habitat, embeddedness, aufwuchs, leaf litter, odonates, and sand.



You’ll notice these differences are big.  They represent greater than a minimal, minor and moderate change in aquatic habitat from reference conditions.  All differences rise to the level of impairment.  Developed sites are violating the VT Water Quality Standards.








The result of removing the vegetated buffer
& increasing impervious surface area

[N
(&)

[N
N

~
>
o
o
=
Q
£
“
()
~
[
[~]
Q
3

Mean(LargeWoody)
Mean(S-leaflitter)

Developed Undeveloped

DevelopmentStatus



Presenter
Presentation Notes
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The result of removing the vegetated buffer
& increasing impervious surface area
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Our Vermont study found statistically significant differences between unbuffered developed and undeveloped (reference) sites on lakes for a variety of aquatic habitat measurements.

Shoreline vegetation, woody habitat, embeddedness, aufwuchs, leaf litter, odonates, and sand.
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Our Vermont study found statistically significant differences between unbuffered developed and undeveloped (reference) sites on lakes for a variety of aquatic habitat measurements.

Shoreline vegetation, woody habitat, embeddedness, aufwuchs, leaf litter, odonates, and sand.
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Our Vermont study found statistically significant differences between unbuffered developed and undeveloped (reference) sites on lakes for a variety of aquatic habitat measurements.

Shoreline vegetation, woody habitat, embeddedness, aufwuchs, leaf litter, odonates, and sand.



You’ll notice these differences are big.  They represent greater than a minimal, minor and moderate change in aquatic habitat from reference conditions.  All differences rise to the level of impairment.  Developed sites are violating the VT Water Quality Standards.








But, how much can a lake sustain?

Resilience may vary from lake to lake

* Extent and intensity of existing lakeshore
development

* Flushing rate

* Shoreline Development Index (lake shape)
* Mean depth/extent of littoral area

* Watershed nutrient loadings

Management and regulation?



Vermont has narrative
standards based on
Qualitative observations

Aquatic Biota, Wildlife, and Aquatic Habitat:

from the natural condition limited to
none, od Impacts
from human activity

L_evel varies with Classification



What ( Zuan Ltative

standarAs can we use’

EPA has lead the way
toward determining a

threshold



@paﬁally-Bdlaneed Probability Sample
(n=350) Represents 11,088 lakes in the
Northeastern U.S.A.
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We are not alone in recognizing that the threat from shoreline alteration is a serious one.  In the early 1990s USEPA’s Environmental Monitoring and Assessment Program’s (EMAP) conducted a random probability based survey of 345 lakes in the Northeast.  Over the past 2 years they have repeated this across the lower 48.  Neil Kamman coordinated the monitoring on Vermont lakes and is now working for EPA on determining how to process and interpret all the data.     
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Presentation Notes
In the bar graph shown previously, EPA came up with what they considered high and moderate shoreline alteration stress using the above figure.  They plotted for the northeastern lakes, the cummulative distribution function and identified the upper quartile (>49% shoreline alteration) as under hish stress and the middle quartile (25-49% shoreline alteration) as moderate stress.   


Applying EPA’s thresholds to Vermont

% of shore developed w/in 25’ of shoreline, Using 74 UVM
mapped lakes using 2003 aerial photos
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Presenter
Presentation Notes
This graph shows for the 74 lakes UVM mapped in the northern forest of Vermont, the percent of the shoreline within 25’ of the shore that is unbuffered or impervious area.  If we apply EPA’s cutoffs, which were published in Bioscience in 2002 we get the above breakdown.   Seven of the 74 lakes fall in the high stress category, with the highest stressed lake being Joes Pond with 74% of it’s shore unbuffered for the 25’ width swath along the shoreline.


Potential Stressed and Impaired Lakes (VIWQS)

Use as threshold in future management objectives?
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Presentation Notes
For the moderate and high stress lakes we can’t write them off, the Clean Water Act won’t let us.  Lakes are impaired, to bring them back to complying with water quality standards is probably not going to happen and if it were it would be very expensive in time and resources (trees don’t grow overnight, infrastructure sits within 25’ of the water, non-native plants likely to be used for plantings, a lot of oversite would be needed).  Currently VTDEC is doing revegetation projects on Joes and Caspian and it is VERY time consuming and costly.  


Instead of using EPA’s thresholds, use their approach
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0% developed gets 4 “Wow’

Rest of bottom quartiles gets 3

Medium gets 2

Top quartile gets -1

In descriptive statistics, a quartile is any of the three values which divide the sorted data set into four equal parts, so that each part represents one fourth of the sampled population.

first quartile (designated Q1) = lower quartile = cuts off lowest 25% of data = 25th percentile 

second quartile (designated Q2) = median = cuts data set in half = 50th percentile 

third quartile (designated Q3) = upper quartile = cuts off highest 25% of data, or lowest 75% = 75th percentile 

The difference between the upper and lower quartiles is called the interquartile range.


Different thresholds tailored to VT lakes
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But are these valid
thresholds of how much
lakeshore development

a lake can sustain?




ngot%esis

* When lakewide development gets to a certain
threshold, we’ll see changes in our habitat

parameters measured at undeveloped reference
Sites.



]5 there a Aevelopment threshold?

Mean # odonate exuviae at undeveloped sites by %
shoreline development




]5 there a Aevelopment threshold?

Mean # exuviae at undeveloped sites by % shoreline development
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]s there a development threshold?

Other parameters examined:

e Aquatic woody habitat
— Fine, medium, coarse

* Macrophytes

e Substrate characteristics
— Sand, embeddedness



]s there a development threshold?

Other parameters examined:

e Aquatic woody habitat
— Fine, medium, coarse

* Macrophytes

e Substrate characteristics
— Sand, embeddedness



ngotl‘xesis not suppor‘ced

 No observed threshold limit

 Our littoral habitat response variables are truly
a function of treed shores




The result of removing the vegetated buffer
& increasing impervious surface area
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Our Vermont study found statistically significant differences between unbuffered developed and undeveloped (reference) sites on lakes for a variety of aquatic habitat measurements.

Shoreline vegetation, woody habitat, embeddedness, aufwuchs, leaf litter, odonates, and sand.



You’ll notice these differences are big.  They represent greater than a minimal, minor and moderate change in aquatic habitat from reference conditions.  All differences rise to the level of impairment.  Developed sites are violating the VT Water Quality Standards.








ngotl‘xesis not suppor‘ced

* Narrowly treed shorelines on highly developed
lakes can provide refugia



Conditions at undeveloped sites at low and
high levels of shoreline development (25%
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Woody debris, plants higher at low develop lakes; more sand, aufwuchs at high develop lakes


So, we've got findings
indicating that at the site
level there are big changes

in littoral habitat
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Unbuffered developed sites – this is the amount of change that has happened.  If this is increased by 25-75% due to shoreline development… what happens?


How to answer the

quesﬁon:

“How much
development can a lake
sustain?”



=
How to answer the question:

“How much development can a lake sustain?”

e Develop a sampling program to
capture lakewide affect on specific
species and/or community


Presenter
Presentation Notes
We can now say that %age of unbuffered shore has a major affect on habitat and macroflora; when does it affect fauna?


=
[ow to answer the question:

“How much development can a lake sustain?”

 Choose indicator species with life histories
linked to the reference condition of the
littoral and riparian habitats

— Odonates, amphibians

e Directly use aquatic and terrestrial habitats
— Spawning fishes

e Direct use of aquatic habitat

e Indirectly affected by terrestrial land use
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We can now say that %age of unbuffered shore has a major affect on habitat and macroflora; when does it affect fauna?
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(Ddonates as an indicator
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(Ddonates as an indicator
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How to answer the question:
“How much development can a lake sustain?”

e Select lake classes carefully

— Sample size is important to identify the
trends!



[ow to answer the question:
“How much development can a lake sustain?”

 Explore alternative statistical
techniques

— Principal Components Analysis & linear
regression?
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