sWhere does it come from?
sWaves and wave energy
sHow global climate change will influence waves
and wave transport
+Dune types and formation
+Natural dune communities
»Introduced beachgrass and influence on beach and dunes
+Surf zone and sand dwelling organisms and food web
+Snowy plover biology
+Oregon beach law
+Fleld trip
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European beachgrass invades, traps beach sand
blowing inland, builds foredune.

e traps beach sand, allows leeward ero- =
p water table, creating deflation areas.



areas colonized by vegetation.

y previous active sand is stabilized as
pregresses to forest.
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Wiedemann and A.M. Wiedemann and A.]. Pickart
Pickart, 2004
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Fig.4.1. Parabola dunes at Humboldt Bay, northern California. View is to the south. The

distance from shore to parabola tip exceeds 1000 m. (Photograph by A. Wiedemann, June
1983)







Photos: Andrea J. Pickart

Pickart, 2008

Fig. 1. The native dune grasses Leymus mollis and Poa macrantha mix with forbs, including Abronia latifolia (yellow sand verbena) and
Lathyrus littoralis (beach pea), on the foredune at the Lanphere Dunes Unit, Humboldt Bay National Wildlife Refuge.
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Fig. 6a.An Ammophlla -dominated foredune at the l.anphere Dunes in February 1992,
prior to restoration (members of the California Conservation Corps are beginning the
removal process). Pickart, 2008
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Fig. 6b. The same location in July 2001, five years after restoration work was completed.
Pickart, 2008




A.M. Wiedemann and A.]. Pickart

Wiedemann and
Pickart, 2004

Fig. 4.4. Typical steep profile foredune vegetated with Ammophila arenaria prior to
restoration. Humboldt Bay, California. (Photograph by A. Pickart)




Fig. 10. Restored foredune grassland at the Lanphere Dunes Unit, Humboldt Bay National
Wildlife Refuge. Pickart, 2008




Fig. 8. Bulldozers removing Ammophila arenaria for a western snowy plover habitat
restoration project at the South Spit, managed by the Bureau of Land Management
(beachgrass was first burned to reduce biomass).

Pickart, 2008




Fig. 9. Charred remains of Ammophila arenaria at MacKerricher State Park. In one method
of control, beachgrass is burned to stimulate regrowth, then treated with herbicide.

Pickart, 2008




Meanwhile...
A “stealth” Invader

In mid-1930’s, the
American beach grass,
Ammophila breviligulata,
was introduced near
Columbia River

Native to east coast and
Great Lakes region of US

Hacker, 2008

http://www.science.oregonstate.edu/~zarnetsp/PNW_Dunes_Website/DuneGrassinvasion_PNW_Hacker.pdf
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Implication #1
Decreased dune height

Hacker, 2008

Foredune Height (m)
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Effects on animal community
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Fi1G. 2. Density of organisms in relation to percentage sur-
tace cover of Ammaophila arenaridd.  gopodchikoff and Doyen, 1977
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yellow sandverbena | yellow sandverbena
unknown Co.; locality unknown; 0m; 43.6592° N -124.2057° W % Curry Co,; Langlois
June 16, 1976 = photo by Julie Reinwand Kierstead May 4, 1983 OFP confirmed
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Natural enemies hypothesis?
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Beckstead and Parker, 2003
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Soil tfreatmant

Fro. 2. Effects of soil sterilization treatments (S, steril-
tzed: NSS. nonsterilized stored; NSE nonsterilized tresh) on
root and shoot biomass at 6- and |Z-wk growth periods
(means + | sk, for sample sizes, see Methods), Different
small letters indicate signifcantl differences (£ < 0.05) be-
tween treatments for roots (X and y) and shoots {a, b, and ¢)
within each growth period using a Bonlerroni multiple com-
parison methad followimg ANOV A,




Beckstead and Parker, 2003
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Ammophila decline



Van der Putten and
Peters, 1997

~1Sterilized B Unsterilized
Growth period (wk)

G 11 16
1.8
A. arenaria

- 0.9F
&
E i
E fb b (b (b
Z 1.8
ke
= E rubra
-
Ynot

2 468 2468 246 8
Mo, plants per species in mixture

Frc. 3. Average shootl biomasses per plant of Ammo il a
arenaria and Festuea rubra in monocultures, as well as in
the differemt mixtures on sterilzed and unsterihized sol from
the root zone of A. arenaria at three successive harvest dates,
Le., alter 6, 11, and 16 wk of growth (Expt. 2). Significant
dif ferences within each plot are indicated by different letters.




Dune grasses fix nitrogen




Dalton et al.,
2004

Fig. 5. (a) Fluorescence immunolocalization of nitrogenase in the cell
walls of rhizomes of Elvnms mollis. Bar =5 pm. (b) Negative control
with rabbit normal serum. Bar = [0 uym.



Daltonetal., )‘ *_
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(b)

Fig. 3. (a) Silver-enhanced immunogold localization of bacteria in the
cell walls of rhizomes of Ammophila arenaria as visualized with light
microscopy. The primary antibody was raised against whole cells of
Stenotrophomonas maltophilia isolated from Ammophila arenaria. (b)
Negative control with rabbit normal serum. Scale bar=35 pum for (a)
and (b).



Dalton et al.,
2004

Fig. 4. Silver-enhanced immunogold localization of nitrogenase in the
cell walls of rhizomes of Ammophila arenaria as visualized with light

microscopy The image is inverted so that silver grains appear as bright
spots. P, phloem; X, xylem. Scale bar =10 pum.



D A, Dalton et af. { FEMS Microbiology Ecology 49 (2004 | 4694749

Table 1

Acetylene reduction activity {ARA) for dune grasses from the Oregon coast
ARA £+ 5EM Maximum ARA Replicates
(nmol C:Hy g ' FWh ™) {mmol C;Hy g' FWh™)

Ammophila arenaria
Ficld collected and surface-sterilized

Rhizomes 0.761 +£0.502 248 5l
Greenhouse grown, washed but not surface-sterilized

Roots 0.15+0.1 1.0 110

Rhizomes 6.25+5.1 8.6 7

Stems 0.17+£0.0 1.6 18
Greenhouse grown and surlace-sterilized

Roots 1.39 £+10.49 4.87 9

Rhizomes 378 +£1.47 14.2 9

Stem 0.094 4+ .02 0.261 16

Elyorws mollis
Field collected and surface-sterilzed

Roots (July) 0.69+0.17 1.03 3
Rhizomes (July) 012 0,08 0.27 3
Stem (October + April) 0.26 +£0.06 044 [
Roots (October + April) 3514020 | [
Rhizomes {October + April) 038 +0.08 (.61 &

Field samples were taken from coastal dunes near Florence, OR during June and July, 1999 unless noted otherwise. Greenhouse samples were
from plants grown in pots of sand for 3 weeks. Values shown were corrected for background traces of CyHy and for possible endogenous production
of CaHy by plant tissues.

*This sample contained 1.09 = 10* cfufe FW which compares to 1.11 = 107 for other samples (see Table 2).

Dalton et al.,
2004
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CMNP July 2010 beachgrass


Slides:


3. Foredune 100 m wide and up to 10 m high.  This foredune is in Gearhart where Ammophila arenaria is mixed with A. breviligulata.  The A. brev. presence results in a lower foredune than to the south in OR and CA.

4. Ammophila arenaria was planted in OR:

1935 to 1949; 1215 ha, Clatsop Plains, close to the Columbia River, by the US Soil Conservation Service

1949 to 1964: 300 ha between Siuslaw and Siltcoos rivers by US Forest Service and US Bureau of Land Management (Wiedemann and Pickart, 1996).  A. arenaria fragments can survive up to 8 tidal cycles in water, and establish new plants if they reach suitable ground.

(see Hacker et al. 2008 for more information on dune grass invasion ecology in the Pacific NW)

8. Sand previously on the current deflation plain blown inland, creating higher active dunes but not affecting the eastern margin of the dunes.

As deflation plain continues to expand, the band of active dunes to the east will narrow and increase in height.

Not known if the rate of expansion of deflation plains will be constant, or slow down as the eastern dune increases in height.

9. Beach grass was planted in the early 1900’s.  This early photo of the Oregon Dunes south of Florence shows the dramatic change from open sand in 1939… to only half of the dunes remaining in 1984 (not all of the vegetation is beach grass – some are plantations).

10. see Wiedemann et al. 2008 for more information on coastal temperature zone climates


11. Sand previously on the current deflation plain blown inland, creating higher active dunes but not affecting the eastern margin of the dunes.

As deflation plain continues to expand, the band of active dunes to the east will narrow and increase in height.

Not known if the rate of expansion of deflation plains will be constant, or slow down as the eastern dune increases in height.

12. Example of natural foredune, without beachgrass (beachgrass was hand removed)

(see Pickart, 2008 for more information on restoring the grasslands of N. California’s coastal zones)

13. Hand removal was successful after 4 years of labor.

14. (see Pickart, 2008 for more information on restoring the grasslands of N. California’s coastal zones)

15. see Wiedemann et al. 2008 for more information on coastal temperature zone climates


16-18. (see Pickart, 2008 for more information on restoring the grasslands of N. California’s coastal zones)

19. http://www.science.oregonstate.edu/~zarnetsp/PNW_Dunes_Website/DuneGrassInvasion_PNW_Hacker.pdf

Hacker's own Powepoint on her website

ScienceDaily: Your source for the latest research news and science breakthroughs -- updated daily

Science News

Share   Blog   Cite

Print   Email   Bookmark

Invasion Of New Beach Grass Could Weaken Shoreline Protection

ScienceDaily (Sep. 26, 2007) — An invasion of American beach grass is under way along the Oregon coast, threatening to change dune ecology and reduce the ability of dunes to protect roads, property and towns from coastal storms.

Scientists at Oregon State University have documented a slow but steady takeover by this beach grass, an invasive species. They found that protective “foredunes” covered by the new grass species are only about half as high as those created by the European species of grass that were formerly dominant.

This phenomenon has already occurred from Long Beach, Wash., to Pacific City, Ore., and is continuing to spread, the researchers say.

“This decrease in dune height may translate into a significant decrease in coastal protection from storms and tsunamis,” said Eric Seabloom, an OSU assistant professor of zoology.

In continuing studies, scientists plan to use oceanographic models to show just how much protection is lost when European beach grass is replaced by American beach grass.

The European grass – also an invasive species – has been dominant since it was first introduced to the area around the turn of the 20th century, to help stabilize blowing sand on the coast.

“It did its job extremely well,” said Sally Hacker, an OSU associate professor of zoology and expert on marine and estuarine communities. “Without it, the sand would cover towns and roads.”

The European beach grass did so well that by the 1930s it had spread along the entire Oregon coast, and created an extensive “foredune” system, large protective sand hills found in front of almost every sandy beach in Oregon. These dunes can provide significant protection for homes, roads, towns and other infrastructure, and serve as a barrier against flooding during major storm surges and perhaps even tsunamis.

But the second invasion by the American beach grass species had gone practically undetected. Introduced near the mouth of the Columbia River in the mid-1930s, also to stabilize beaches, American beach grass tends to out-compete its European cousin. The status of this beach grass variety went unnoticed for more than 50 years, until Seabloom and a colleague discovered it had crept as far south as Tillamook Head and as far north as the Olympic Peninsula.

Surveys of the entire Oregon coast have determined that the current range of domination of American beach grass extends from Long Beach, Wash., to Pacific City, Ore. But even beyond that, from Pacific City south, most of the beach grass is the European beach grass, with just a few pockets of American beach grass. [NOTE TYPO IN ORIGINAL]

“Lower dune heights, increasing wave heights that have been observed over the last 50 years, and global climate change could create a scenario in which the dunes no longer serve a coastal protection function,” Hacker said.

Beyond the protection concerns, there are other ecological issues in play as well.

While the foredune system created by European beach grass is good for coastal landowners, it is not so good for endangered beach plant species and the federally-threatened Western snowy plover, scientists say. As more sand accumulates in growing stands of beach grass, the land behind the dune tends to get “terrestrialized,” or turned into wetlands and forest habitats.

“The willows and other trees and larger shrubs you often see behind the dunes are an indication that wetlands are being formed in the mini-valley behind the dunes,” Hacker said.

As that process advances, beach habitat disappears, taking with it the plovers’ critical nesting grounds. The southward march of the American beach grass species could reverse the terrestrialization trend, as the American variety creates a much smaller foredune.

Hacker and Seabloom have received funding from Oregon Sea Grant to study the impacts and interactions of these invasive grasses on the Oregon coast. They are also working with Peter Ruggiero, a geomorphologist in the Department of Geosciences at OSU, to understand the coastal protection capabilities of dunes along the coast.

21a. Left: Ammophila breviligulata 

Middle: A. arenaria 

Right: Elymus mollis 

Scale: _____________________  3 cm


American beachgrass has a short truncate ligule, European beachgrass has the spectacular long ligule split down the middle giving two dry pointed extensions, in this case 3.5 cm long, and the American dunegrass also has a short truncate ligule, but it usually lacks the red pigmentation and has wider leaves, more bluish and waxy on top.  The leaves of the American beachgrass are also about twice as wide usually as the European beachgrass, and usually have a noticeably yellower shade of green.


21b. American beachgrass Ammophila breviligulata on the left, and Elymus mollis (native dunegrass) on the right. This shot is from the foredune at Gearhart where the American beachgrass dominates. 

23. Foredunes dominated by the American beachgrass (A. breviligulata) are lower than foredunes dominated by European beachgrass (A. arenaria). 

24. Foredunes dominated by the American beachgrass (A. breviligulata) are lower than foredunes dominated by European beachgrass (A. arenaria).

(see Hacker et al. 2008 for more information on dune grass invasion ecology in the Pacific NW)

26. More A. arenaria, fewer organisms 

(see Slobodchikoff and Doyen 1977 for more information on the effects of Ammophila on sand dune arthropod communities)

27. Purple sand verbena = Abronia angustifolia 

(see Slobodchikoff and Doyen 1977 for more information on the effects of Ammophila on sand dune arthropod communities)

28. Yellow sand verbena = Abronia latifolia 

32. S sterilized

NSS not sterilized stored

NSF not sterilized fresh

Ammophila grows faster in sterilized soil from california, indicating that something in the soil (prob. fungi) are attacking the species in the introduced range.

33. Less root:shoot ratio in Ammophila with non-sterilized stored and fresh soil, suggesting the fungus or other natural enemy may be targeting the roots.

(see Beckstead and Parker 2003 for more info. on the invasiveness of Ammophila arenaria and its potential release from soil-borne pathogens)


34-35. (see Beckstead and Parker 2003 for more info. on the invasiveness of Ammophila arenaria and its potential release from soil-borne pathogens)


36. Ammophila outcompeted by Festuca in unsterilized soil, indicating something in the soil that causes Ammophila decline in stabilized sand

(see Van der Putten and Peters 1997 for more information on soil borne pathogens)


38. A. Nitrogenase in cell wall of rhizomes of beach grass compared to B.  control rabbit cells

(see Dalton et al. for more information on nitrogen fixation in dune grasses)

39. Bacteria in cell walls of rhizomes of Ammophila (a) but not in cells of Rabbit control (b)


41. Ammophila and Elymus are nitrogen fixers, this was shown for the first time in this paper. 


38-42. (see Dalton et al. for more information on nitrogen fixation in dune grasses)

