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1. Background



2011 2017

Photos: Jordan Jackson; Paul Shannon, Seward Park, Seattle. Die-off first noticed by Catherine Alexander 2013.



I’ll just jump right in and say this is what we are dealing with—this photo comparison is from Seward Park. 

All of you know the sword fern, Polystichum munitum. It’s a dominant understory species, especially in 

shady mesic sites, with good soil. It can easily grow to 3 feet tall, as you can see in the 2011 photo, where 

ferns cover the stump seen in the 2017 photo. In 2013, Catherine Alexander a neighborhood naturalist 

noticed dying ferns in Seward Park. By 2014 we realized the phenomenon was real, and the ferns weren’t 

coming back. By 2015, we started monitoring, which I’ll tell you about later. This photo comparison 

perhaps says it the best. We’ve got a serious problem and it’s only getting worse. This is shocking 

because, if you’re a gardener, you know these ferns are hard to kill. They’re extremely long lived, possibly 

as old as the oldest trees in the stand (in the case of Seward, 300-500 years old). Why do we care?  Loss 

of sword fern—which in many cases form a monoculture in the understory—could potentially lead to 

serious erosion issues (already starting at Seward)[and think salmon streams across the northwest], loss 

of nutrients (not only through erosion, but because ferns trap canopy leaves for nutrient decomposition), 

invasion by non-natives, and loss of habitat for a variety of birds and mammals (Pacific wrens and 

mountain beavers, to name two at Seward Park). Aesthetic concerns and the contribution of healthy native 

habitats to human health should not be ignored either.

From Seward Park Sword Fern Die-off Decline Strategic Plan: “Western sword fern is a critical food source for mountain beaver 

(Aplodontia rufa) during their entire life cycle (Fellers et al., 2004; Halverson, 1986; Hemstrom and Logan, 1986). This species also 

provides habitat for more than 15 species of birds (Wiens and Nussbaum, 1975), including the northern spotted owl (North et al., 1999), 

and Pacific ruffed grouse (Salo, 1978). Additionally, ferns, like other understory species can shape the composition of plant 

communities by serving as ecological filters (George and Bazzaz, 1999) and influencing nutrient cycling patterns within the soil profile 

(Allison & Vitousek, 2004).”

“It is important to note that this decline is occurring in tandem with the decline of other iconic northwest forest species such as bigleaf

maple (Acer macrophyllum), Pacific madrone (Arbutus menziesii), and Western redcedar (Thuja plicata) (Littell et al., 2010; McGregor 

et al., 2016; Rippey, 2018; Tobin, 2016).” 





This is a forest fragment, as close as you can get to a remnant of Seattle’s original forests. As a fragment, 

it is susceptible to invasion by non-natives, heat island effects, extinction and loss of traditional ecological 

checks and balances, intensive human use, etc.





Yellow square denotes “ground zero”, area of worst/first die-off.



Seward Park

• 303 acres, 120 acres of old growth.

• Oldest trees 500 plus years old (established after 

fire) (many old trees show fire scars from more 

recent fires)

• Douglas-fir dominated, western redcedar, western 

hemlock (in decline), grand fir, etc.

● Douglas squirrel, mountain beaver, ensatina

salamander, owls

● No banana slugs

● coyotes?





“Western sword fern reproduction occurs primarily through sexual means. Ferns reach reproductive age 

after 1-5 years, with little inter-annual variation in spore production (Haeussler et al., 1990). The sporangia 

dehisce, releasing wind-dispersed spores in early to mid-summer. Some spores may be retained over 

winter and released in late spring (Haeussler et al., 1990), although spore viability under these conditions 

has not been studied extensively. While vegetative regeneration after crown decline (e.g. following fire) 

occurs readily from rhizomes in healthy sword fern populations (Soltis and Soltis, 1987), it does not 

facilitate population spread (Coates and Haeussler, 1986).

Generally, populations consist mostly of mature plants, with a small proportion of juveniles, and the rare 

occurrence of gametophytes. Evidence from populations in the Olympic Peninsula suggests that 95% of 

individual ferns originate from an individual rhizome (Lezberg et al., 1999). Even in monoculture stands of 

sword fern, the genetic heterogeneity is likely high (Haeussler et al., 1990). While descriptions of the 

genetic population structure of sword fern stands across the Pacific Northwest is limited, some evidence 

suggests that inter-population gene flow is high (comparable to wind-pollinated gymnosperms) and 

populations contain a large degree of genetic variation (Soltis and Soltis, 1987).

The evergreen fronds of sword fern plants exhibit determinant growth and persist for several years, with 

older growth often appearing flattened following snowpack and frost (Baer et al., 2016; Coates and 

Haeussler, 1986). At the start of the growing season, in healthy Western sword fern populations, new 

fronds emerge from rhizomes (Coates and Haeussler, 1986). Similarly, sword fern crowns can regenerate 

following disturbance (e.g. fire, herbivory) (Cromack et al., 1979). Recent evidence suggests that despite a 

preference for mesic conditions, sword fern plants are well adapted to seasonal drought, through their 

ability to control stomatal aperture and to recover from cavitation following soil water recharge. However, 

sword fern roots do not extend below 15 cm, thus limiting the plant’s ability to access water deeper in the 

soil profile during the prolonged drought periods, which may ultimately result in losses of cavitation-

damaged fronds (Baer et al., 2016).” [Quoted from Seward Park Sword Fern Decline Strategic Plan]



Additional symptoms



Left photo is a healthy frond with sori. Unhealthy fronds generally lack sori, and start to show browning, 

generally from the tip, with leaflets starting to show wrinkled appearance.

Should be noted that we have found areas in Seward Park with sword fern “stumps”, usually covered in 

moss. Perhaps indicative of a die-off event, say 30 years ago, that went unnoticed. We don’t know what to 

make of these areas.



2. What we’re doing



Perimeter Mapping

50% of the individual ferns with at 

least 30% dead fronds.

Monitoring Plots (including veg 

management plots)

Ecophysiology Experiment

Search for Mechanism

Experimental Restoration

Regional monitoring



Black spots are plots my students and I put in in 2015. These are randomly located 3m x 3m plots where 

we map and count every fern and every frond, and identify the fronds as dead or alive. Any green on the 

frond = alive.  The purpose of monitoring is to track die-off and/or natural recovery over time. We aren’t 

doing anything experimental.

Everything else on this map is part of an ecophysiology project initiated by Matthew Aghai of Verdant 

Consulting LLC (hired by Seattle Parks and Rec), with help from my students, earlier this year. The idea is 

to take measures of drought stress, including soil moisture, browning of fronds, and various measures of 

chlorophyll production, through the entire growing season. The hypothesis here is that drought stress 

plays a role in fern death. Planted fern transects were used as controls (assuming that controls are 

healthy and that wild ferns are likely to be affected by die-off). If there is greater drought stress in the dying 

ferns, it suggests a causal mechanism that affects water uptake in the ferns (i.e., something is making 

them less able to resist drought—perhaps a sucking insect like thrips, or mountain beaver tunneling that 

leaves rhizomes dangling in mid-air within tunnels—or some other physiological mechanism that damages 

xylem).



3. What we’re finding



5.1 acres in October of 2015

10.3 acres in October of 2016

= 100% increase

Paul Shannon, Nelson Salisbury, and 

Tim Billo

Results of mapping



This mapping exercise was ceased in 2016. The die-off is spreading in a more patchy distribution now, 

throughout the park. It is difficult to put a perimeter around a contiguous area.



Results of Monitoring
Tim Billo, Kramer Canup, Tristan O’Mara, Natalie 

Schwartz, and other volunteer UW students



0

10

20

30

40

50

60

2015 2016 2017 2018

%
 d

e
a
d
 f
e
rn

s

% Dead Ferns Across All Plots by 
Year (n =120 ferns)

120 ferns



Started with 120 ferns, 2717 fronds. 
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F = 15.61236,  p < .05
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Note that die-off seems to be slowing, but trend continues downward.
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Red is Plot 5, Black is plot 20, Brown is Plot 7. What is special about these plots?  Plot 7 is unique in that

it has poison oak in it.
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Red is plot 5, Black is plot 20. Plot 7 is omitted due to differences in the way individual ferns were 

designated from year to year (all fronds were still counted). [note this difference is controlled for in the 

previous plots]. Again, what is special about these plots that allows regeneration or relatively flat 

demographics?



Results of Vegetation 

Management Plan Plot Resurvey

Nelson Salisbury, Kramer Canup

Stewart Wechsler (part of original survey crew)



Revisiting-Vegetation Management Plan Plots

Line Point Intercept % Cover

Plot 2004 % Cover 2018 % Cover % Decrease

18 67% 8% -88%

19 60% 42% -30%

51 75% 55% -27%

24 52% 43% -17%

45 57% 3% -95%

40 74% 4% -95%

21 36% 14% -61%

Average 60% 24% -59%



These old plots ended up being really useful (as permanent plots are), even though there was no research 

hypothesis when they were first surveyed. Established a new way to survey them using density belt 

transects.

• Chose to revisit plots that had the highest % cover of sword fern in 2004.

• 50 meter transect, with 100 pin drops

• Every plot showed a decrease in % sword fern cover.

• Average 59% decrease in sword fern cover across seven plots monitored.

• decline in health of fern population over time. 

• Hope to revisit in coming years. 

• Belt transect is 1 meter wide.

• Identify and record the health of every sword fern within the 1 meter wide belt on a scale of 1-5.

• Two plots (40, 19) had natural regeneration occurring.  (again, what is special about these plots?)  Or is 

this a sign that the putative pathogen has run its course in some areas?

• More monitoring of these transects and the 20 plots in coming years, will hopefully pick up natural regen.



Density Belt Transect

healthy stressed dead re-sprout new fern

Plot 1 2 3 4 5

Total # 

Ferns

18 0 8 22 3 0 33

19 20 6 16 1 2 45

51 30 17 3 0 0 50

24 26 3 0 0 0 29

45 2 1 9 1 0 13

40 3 10 36 3 36 88

21 4 1 3 0 0 8

Average 12.1 6.6 12.7 1.1 5.4 38

Modification to the Vegetation Management Plan 

Plot Protocol: Density Belt Transects



Verdant LLC, Kramer Canup (Funded by Seattle Parks and 

Rec.), Natalie Schwartz (Funded by WNPS), and other 

volunteer UW students, Tim Billo (data analysis)

Results of Ecophysiology
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Fv/Fm- Fluorometer
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Chlorophyll Fluorescence

This test measures Photosystem 2 efficiency. Photosystem 2 is a protein on the leaf surface that 

converts sun’s energy into ATP (detected as fluorescence, or otherwise dissipated as heat).  Fv is 

the difference between Fo (in dark) and Fmax.  Fv/Fm then is a percentage of max. In general, the 

greater the plant stress, the fewer open reaction centers available, and the Fv/Fm ratio is 

lowered. Healthy ferns record an Fv/Fm between .790- .830
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SPAD= soil plant analyses development

• Measures relative chlorophyll content via reflectance through time. 

• Absolute chlorophyll content varies significantly by species, so this measure is most useful when 

compared within a single species through time. 

• It is a measure of potential photosynthetic activity, which is closely linked to leaf chlorophyll content 

and leaf greenness. The device exposes a small portion of the leaf to abundant light and measures 

how much was not captured by chlorophyll in the photosynthetic process

• Measures on a scale from -9.9 to 199.9. 

• Healthy levels for sword ferns is Seward Park are between 48-60.

• Chlorophyll is an important photosynthetic pigment to the plant, largely determining photosynthetic 

capacity and hence plant growth.
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Take home messages: 

Moisture stress clearly tracks available soil moisture.

The monitoring plots (wild ferns) show mild moisture stress, but rebound to normal as soil moisture begins 

to rebound.

The control plots (planted nursery ferns) show considerable moisture stress, and do not rebound (many 

died). 

Ironically, in a sense, the wild ferns served as a control for the original control. This work shows for one 

that you need to water planted nursery plants throughout the summer until root systems establish (not 

surprising—in retrospect, it was probably not a good idea to use these ferns as controls, although perhaps 

next year, the ones that survived, could serve as controls).

Most importantly, I think this shows that drought stress (while present) is probably not a significant cause 

of die-off given that the wild ferns seem to rebound. A posthoc analysis could be done to see if ferns 

showing signs of die-off respond more negatively to drought than very healthy looking ferns (but this would 

imply a correlated effect, rather than a cause of die-off). Verdant believes the experiment should be 

continued for another year, and there may be reasons to continue it through the winter season to see if 

freezing weather lyses cells damaged in summer (hence beginning the process of true die-off).



Results of work on mechanism:
Phytophthora testing: NEGATIVE, Roots and soil, DNA. Marianne Elliott, Jenny Glass.

Soil nutrient deficiency: NEGATIVE, Soil samples sent to UMass. Nelson Salisbury. 

Fungal pathogen: NEGATIVE, Olaf Ribeiro.

Soil pathogen: NEGATIVE? Ongoing, David Perasso, Marianne Elliot. 

Waterborne pathogen (bacteria in xylem/phloem): POSITIVE? Ongoing, Paul Shannon.

Thrips: NEGATIVE Patrick Tobin and student, found one thrips in a large sample with 

Berlese traps. Although thrips have devastated ferns in CA, seems unlikely here.

Mountain beaver (as additive stress agent): INCONCLUSIVE, Exclosures, Tim Billo and 

student Justin Beach. 



2 years ago, we reported Marianne Elliott’s finding of non-native Phytophthora in much nursery stock 

around the region. We speculated that we might have a Phytophthora outbreak in Seward. Rigorous 

testing of soil and plants throughout the year, including using DNA testing, has failed to come up with non-

native Phytophthora pathogens in Seward.

We hypothesized that pollution in the city has led to loss of nitrogren fixing lichens (it has), and that this 

has led to N deficiency in Seward’s soils. Soil nutrient testing is negative for this hypothesis.

Fungal pathogen testing from rhizomes and leaves is negative.

Soil pathogen testing using factorial design with soil from Seward, soil from elsewhere, and ferns from 

Seward, ferns from elsewhere so far showing no trends—but ongoing.

We reported on Paul Shannon’s ingenious home experiment showing migration of putative pathogen 

through water from “infected” fronds into healthy fronds. This could become a major line of work, using 

WSU greenhouse and lab facilities to increase sample size and controls, and to test for specific 

waterborne pathogens. According to the lab at WSU, bacteria are a likely candidates in a waterborne 

scenario. We were asked about viruses. I don’t know what the typical vectors are for plant viruses, but this 

would be a good question for the folks at the WSU extension lab in Puyallup.





We were astounded with some of our exclosures showing healthy ferns inside the fence, and decimated 

ferns in control plots outside the fence.





However, we don’t know what to make of some plots showing the complete opposite. In this plot the fern 

inside the fence is completely dead, but doesn’t look eaten by beavers—so it’s not like a beaver climbed in 

and ate it. 

These plots are expensive (on our minimal budget) and labor intensive to set up. Sample size is only 5. If 

we had had very clear positive results, we probably would have continued to build up sample size. For 

now, we will let it rest.

It has been pointed out that mountain beavers are absent in many places, such as Mercer Island, and die-

off still seems to be happening there.

Mountain beavers have co-evolved with ferns over millions of years. We know that in most circumstances 

no amount of snipping of fronds can kill the ferns. So beavers shouldn’t be able to kill them, although their 

populations may be artificially high in Seward due to lack of predators (coyotes may be returning to the 

park, however).  My bigger concern now is the that the beavers are losing crucial winter food (in the death 

of the ferns), which could lead to the collapse of one of Seattle’s last mountain beaver colonies.



Regional Prognosis



Mercer Island:

110 dead ferns in Luther 

Burbank Park 

31 dead ferns, North 

Mercerdale Park

Kim Frappier, Al Smith



Also reports from Suquamish Reservation, Kitsap Peninsula, Bainbridge Island (IslandWood), Fort 

Worden, Gold Bar, Tiger Mountain, Gulf Islands in Canada.



We need your help:

https://www.inaturalist.org/projects/western-sword-

fern-decline-in-washington-state

Please log your observations.

Include photos* and detailed description.

*Aim is to monitor with repeat photos

https://www.inaturalist.org/projects/western-sword-fern-decline-in-washington-state


At this point, we don’t have a good criterion for what is die-off and what is not. But if you see 5 dead or 

nearly dead ferns in a contiguous patch, that is a likely sign. At this point, any observations are good 

observations. A clear photo (which can be repeated easily in future years), and detailed description of 

what you are seeing would be helpful.

For sites that look like likely die-off, we will try to send someone out to check on them.

A WNPS member suggested a bioblitz weekend where we all head out to different assigned locations to 

do a survey. Not a bad idea.





Discussion/Future Plans
Verdant Consulting, LLC

-Prioritization of projects

-Funding

Experimental Planting (ongoing)



Verdant LLC has helped to track and pull together the many disparate avenues of research done by all of us who are 

volunteering our time to help solve this mystery. Verdant will help us get to a position where we can apply for bigger grant 

money. And they will help us prioritize which of the many possible avenues of research we should be putting our energies 

into. This, again, will help us apply for grant funding, and will help us put whatever funding we have into thoroughly and 

systematically checking off one avenue of research at a time (as opposed to starting many avenues at once, with small 

sample sizes etc.).  

We have begun experimental planting of ferns at our “ground zero” site. They seem to be thriving, suggesting that the 

“pathogen” may have run its course there. Ferns on the fringes of die-off where a pathogen may still be active are doing 

well, but not quite as well. The idea here is to begin restoring the ecosystem, preventing erosion and invasion by non-

natives. Seattle Parks and Rec has also begun restoration with various bare-root natives throughout the die-off area, again 

on the philosophy that some action is necessary at this point, regardless of our understanding of the die-off.

It is frustrating that we haven’t made more progress on mechanisms of die-off. As far as I’m concerned, all ideas are good 

ideas at this point, and there are many to consider. WNPS folks asked about mycorrhizae, worms, other soil macro and 

micro biota, etc. We have tentatively explored all of these, with some limited testing and observation—we don’t believe 

these are likely for a variety of reasons (although thrips have devastated California sword ferns), and for sure more 

observation could be done (and would be welcomed by anyone with time, energy, and expertise). More dissections and 

microscopy of dying ferns is probably needed too.

A WNPS member asked about quarantining the ferns in Seward Park. We have talked about this, but the city has been 

unwilling to close off the park, especially not without knowing what the issue is. We have talked about sterilizing shoes too, 

especially when moving from one site to another. It is our observation, however, that regardless of rules, on any given day, 

hundreds, of people and their dogs move around the woods, often off-trail (despite signage), thus this will be nearly 

impossible to contain even if researchers are following protocols. The point is well-taken though, and some in our group are 

adamant that we should be taking every precaution.
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Mountain Beaver Damage


