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Over the past 17 years we’ve seen this shift from a tall willow community to a short willow community within the riparian valleys throughout RMNP.
Affects many species of willow
is occurring at wide-range of elevations on both eastern and western sides of the Continental Divide
is occurring inside and outside of the elk/moose exclosures
not a problem confined to Rocky Mountain National Park – a lot of work has been done examining this change in Yellowstone NP



Background on willows
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Weeping willows
 shrubs here in Rocky Mountains 
Grow in many habitats – uplands in dry sites, alpine above treeline and along rivers and streams
In the rocky mountain region, there are at least 30 different species of willows.




Presenter
Presentation Notes
I’m going to focus on riparian willows, or willows which grow along side streams and rivers.  Grow along side streams and rivers thoughout the rocky mountains.  There are ~ 13 species of willows in the park….Here’s endo valley.  When they are present, they trap sediment and prevent erosion down stream.  
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One of the unique things about willows is that while many plants have male and female flowers on the same plant, willows are diecious, meaning that they have male and female flowers on different plants.  Their seed release is heavily tied to the river.  In the rockies, stream flow is dominated by snowmelt, so spring comes, melts snow up high, rivers peak and then recede later in the summer.  Willows have tiny seeds that they release just after the peak stream flow.  This is because just after the peak streamflow there are new perfect places for willow seeds to germinate.  
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They need wet soils.
Willow seeds live for about 2 weeks, so if they don’t land on a suitable site for germination, then they die.  They don’t form any sort of seed bank, so it’s one shot and then it’s done.  Most seeds that do land actually germinate, in fact one study showed that there’s between 85-99% germination rates!  And many seeds germinate within 24 hours of landing on a site.  However, if the soil dries too quickly, which can happen frequently, there’s also high mortality – in fact there’s 80-100% mortality from drought.  


Photo by Scott Woods
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The other thing is that if a willow stem breaks off and floats downstream if it gets lodged in some rocks and has access to soil, it’ll grow roots and establish right there.


Importance of tall willows

e critical food source in different seasons
— beaver, moose and elk

— sapsuckers and other songbirds
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Note how tall these willows are here -- ~9 feet in height or so.


Importance
of tall willows

e habitat for resident and
migratory bird
populations
— songbirds
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Studies in yellowstone NP have shown that the height of willows was the most important variable predicting songbird species richness and abundance, with willows averaging 5 ft tall supporting more than twice the number of species and indviduals than willows averaging a little over 0.5 m tall. In the Western US 80% of breeding birds use riparian areas at somepoint in their life
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This research takes place at the headwaters of the Colorado River in RMNP, in the Kawuneeche Valley.  There are three ungulate exclosures, or fenced in areas located throughout the Valley.  They are about 0.1 of an acre in size and were established in 1997.


Questions

1. Did the dieback start because of changes in
climate and streamflow?

2. What are the relative influences of elk and
moose browsing, sapsuckers and fungi in the
conversion from tall to short willows?
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To do this I used aerial photos
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Here you can also see the exclosure, which was 7 years old at the time.  
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I performed an aerial photo analysis of 8 time segments: 1969, 1987, 1995, 1999, 2001, 2005, 2008, 2011; using aerial photography and NAIP imagery.  What I found is that there was a sharp decline in willow populations which occurred some time between 2001 and 2005 – drought?  Low snowpack leading to low streamflow along the colorado river?  We know that there was a large droughts that happened in 2002 and 2004….however….



Now



Willow Presence in Kawuneeche Valley

0.25 -
2001
0.20 -
0.15 -
2005
0.10 . .

1960 1970 1980 1990 2000 2010 2020

Ground truth 76% accuracy


Presenter
Presentation Notes
I performed an aerial photo analysis of 8 time segments: 1969, 1987, 1995, 1999, 2001, 2005, 2008, 2011; using aerial photography and NAIP imagery.  What I found is that there was a sharp decline in willow populations which occurred some time between 2001 and 2005 – drought?  Low snowpack leading to low streamflow along the colorado river?  We know that there was a large droughts that happened in 2002 and 2004….however….



35

30

25

20

15

10

tags issued for moose hunting

1 I|I|ﬁ

1969 1987 1996 1999 2001 2005 2008 2011

From: Colorado Division of Parks and Wildlife


Presenter
Presentation Notes

Preliminary generalized linear regression models the number of tags issued for moose hunting and snow depth are important variables explaining the decline in willow presence in the Kaw Valley.  Game Management Unit 18, which includes Kawuneeche Valley, and a lot of USFS land outside the park in and around Grand Lake.
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So what this aerial photo analysis has showed us is that there has been a large decrease in willow populations and that it happened between 2001 and 2005.  Well, I was interested in pinpointing this a little more.  So….  Wanted to see if we could actually see this on the ground.



A closer look....
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Willow plants aren’t necessarily dead and we were interested in determining whether we could determine when stem dieback occurred.  Since we can’t age willow plants without digging them up (which isn’t something the Park would want us to do), the best we can do is willow stem age.  Willow stems want to grow straight up, however, when this growth is interrupted, when the apical meristem is killed, lateral meristems become activated and epicormic shoots develop.  Therefore, the year of epicormic shoot development may give us insight into stressful times for the willows.  
So we collected willow stems throughout the Kawuneeche Valley in 2010 and 2011 and aged the initiation of epicormic shoot development.
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We collected 77 stems.  Histogram of the data.  Year on the x axis, number of shoots per year on the y.  
We can see that these data compliment the aerial photo data nicely, with the majority of stems initiating between 2002 to 2005

69% of all willow stems collected initiated between 2002 and 2005



preliminary statistics

Biological Variables Climate Variables

— Elk population — Average streamflow

— Previous year elk — Average streamflow —
population 1

— Moose hunting tags — Peak streamflow
issued — Peak streamflow — 1

— Accumulated
precipitation

— Accumulated precip —
1

— Growing season
length
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Preliminary regression models indicate that wildlife may have played a large role in the decline of willows….I can’t put sapsucker data into my statistical models because there isn’t sapsucker data collected in the park.  What I do know is that sapsucker populations have remained fairly constant throughout Colorado over the past 50 years, according to breeding bird surveys.

GDD are a phenological tool used to figure out the heat accumulation to predict plant development rates.  Growing degrees (GDs) is defined as the number of temperature degrees above a certain threshold base temperature, which varies among crop species. The base temperature is that temperature below which plant growth is zero. GDs are calculated each day as maximum temperature plus the minimum temperature divided by 2 (or the mean temperature), minus the base temperature. GDUs are accumulated by adding each day’s GDs contribution as the season progresses.



Questions

2. What are the relative influences of elk and
moose browsing, sapsuckers and fungi in
the conversion from tall to short willows?



the biotic
stressors

http://www.exzooberance.com/virtual%20zoo/they%20swim/beaver/Beaver%20485050.jpg
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Moose – introduced in Colorado in the late 1970’s, with overwintering in the park starting in the mid 80’s.  Moose browse on willows all year long.  Elk, while large numbers on the east side, there are fewer on the west.  They only browse on the willows in the winter and move to higher elevations in the summer.

Beavers use willows primarily for food and dam building and are said to be mutualists with willows – where beavers will use willows for dam building and food, and through their damming will raise the local water tables and allow willows to have water later into the growing season they also trap sediment.  In addition, when the dams break, the bare sediment is perfect substrate for willow seed germination.

Currently beavers are not present in the Kaw Valley, due to the lack of tall willows.

Sapsuckers, create wells to access sap.
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Sapsuckers will wound stems to obtain highly nutritious sap throughout their breeding season.  They have a specially adapted barbed tongue that they can suck sap from the plant. Once they find stems which have high quality sap, they will return day after day to reopen the wounds, which the plant is trying to seal up, so they can get more sap.  Sapsuckers have been called keystone species, because by creating these wells, many other species have access to the sap, including ants, flies, hummingbirds, butterflies, even squirrels.  
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And we observed that many of the stems which sapsuckers had used were alive below the wound, but dead and appeared to be showing signs of some sort of infection.   So we collected some stems and brought them back to CSU and determined that it was indeed a fungal infection – a cytospora fungal infection. 



the biotic
stressors

http://www.exzooberance.com/virtual%20zoo/they%20swim/beaver/Beaver%20485050.jpg
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& through DNA analysis we identified the fungus as Cytospora chrysosperma – a fungus that has been implicated in the sudden aspen decline.
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Most work done on aspens


after 3 years of research....
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So after 3 years of research, we are beginning to recognize the enormous role that sapsuckers, and Cytospora, have played in the decline.
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In fact one of the primary things we’ve recognized is that sapsuckers have the ability to reduce the heights of willows.  Here’s a graph with stem height on the y axis.  These are box plots showing the heights of stems.  First we have live, control stems – or unbrowsed stems inside the exclosure.  Then we have sapsucker wounded stems which did not die above the wound, because not all stems which have a sapsucker wound actually die.  Next we have sapsucker wounded stems which have died above the wound, which are not significantly different than the heights of willow stems which are browsed.


Beavers + high elk browsing = short
willow community (Baker et al., 2005)
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Sapsuckers (+ fungi) + high elk/moose
browsing = short willow community
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Conclusions

e Aerial photo analysis demonstrated that
increasing moose populations may have had
a large effect on the onset of the decline

e We propose that sapsuckers played a large,
up until now unidentified, role in the decline
of willows



Continued research

e Effects of moose
summer browsing on
willows

e Testing our hypothesis
in Wild Basin
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