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PREFACE 

This report is the result of a cooperative Challenge Cost Share project between the 
Institute for Applied Ecology (IAE) and a federal agency.  IAE is a non-profit 
organization whose mission is conservation of native ecosystems through restoration, 
research and education.  Our aim is to provide a service to public and private agencies 
and individuals by developing and communicating information on ecosystems, species, 
and effective management strategies and by conducting research, monitoring, and 
experiments.  IAE offers educational opportunities through 3-4 month internships.  Our 
current activities are concentrated on rare and endangered plants and invasive species.  
 
Questions regarding this report or IAE should be directed to: 
Andrea S. Thorpe (Conservation Research Program Director) 
Institute for Applied Ecology 
PO Box 2855 
Corvallis, Oregon 97339-2855 
 
phone:  541-753-3099, ext. 401 
fax:  541-753-3098  
andrea@appliedeco.org 
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INTRODUCTION  

 Designated as 
an Area of Critical 
Environmental Concern 
(ACEC) in 1983, the 
Leslie Gulch ACEC 
contains 11,653 acres of 
deep, spectacularly 
eroded canyons in a 
remote corner of the 
Owyhee Uplands of 
Malheur County, 
Oregon (Figure 1).  The 
ACEC is owned and 
managed by the Vale 
District Bureau of Land 
Management (BLM), 
which is responsible for 
protecting the area’s 
unique plant, wildlife, 
scenic, and recreational 
values.  Resulting from its geographic isolation and exposed volcanic soils, Leslie Gulch 
provides habitat for a diverse and highly specialized community of native plants, many of 
which are extremely scarce and known from few or no other places in the world (Grimes 
1984).  This project was designed to improve our knowledge and management of a rare 
and poorly understood Leslie Gulch plant species, Senecio ertterae (Ertter’s senecio). 

Species information and status 

 Senecio ertterae (Figure 2) is a rare member of the aster family (Asteraceae) 
endemic to Leslie Gulch and several neighboring side canyons.  Due to the small number 
of its extant populations and threats posed by livestock grazing, invasive weeds, off-road 
vehicles, and potential mineral development, S. ertterae has been listed as a Species of 
Concern by the U. S. Fish and Wildlife Service.  It was previously listed as Threatened 
by the State of Oregon, but was subsequently de-listed following designation of ACEC 
status for Leslie Gulch, a conservation action believed by the Oregon Department of 
Agriculture to warrant removal of protective status (Kaye 2000).  

Figure 1.  Leslie Gulch ACEC. 
 



Senecio ertterae:  seed bank dynamics in the Leslie Gulch ACEC, 2008                2                                

 Senecio ertterae is an 
herbaceous, tap-rooted annual plant 
with succulent glaucus leaves and 
golden yellow flowers, each with 8-
10 “petals,” or rays.  An extremely 
late bloomer, S. ertterae typically 
flowers in late August to middle 
September, well after most other 
associated species in this arid habitat 
have completed flowering.  Although 
small individuals often produce 
fewer than 20 flowers, large plants 
can exhibit a candelabra branching 
pattern yielding hundreds of 
flowering heads (Figure 2).  Kaye 
(1989) estimated average 
reproductive capacity for this species 
at 500 seeds/plant.  Although the 
breeding system of this species has 
not been investigated, its brightly 
colored flowers attract a wealth of 
insect visitors, including skippers, 
sphinx moths, and other 
lepidopterans, as well as bumblebees, 
smaller solitary bees (i.e., Halictidae 
and Megachilidae), bee flies, and 
syrphid flies.  
 Senecio ertterae usually occurs on dry, sparsely vegetated, ashy talus slopes and 
crumbly mounds (Figure 2).  Surrounding plant communities are generally dominated by 
sparse sagebrush, juniper, and bunchgrasses.  Direct associates often include:  
Pseudoregnaria spicatum, Astragalus sterilis, Bromus tectorum, Eriogonum novonudum, 
E. vimineum, Mimulus cusickii, Phacelia lutea, P. hastata, and Mentzelia packardiae.  
According to Kaye (2000), S. ertterae may depend on disturbance and erosion for 
maintenance of suitable open habitat; individuals have been observed on gravel recently 
disturbed by erosion and run-off, along old cattle trails, and in soil disturbed by road 
maintenance equipment. 

Project description and objectives 

 The objective of this study is to determine the seed bank dynamics of Senecio 
ertterae in order to provide Vale District BLM with informat ion needed to make 
biologically informed management decisions for S.  ertterae and the Leslie Gulch 
ACEC. Because Senecio ertterae is an annual plant, with few or no individuals surviving 
and reproducing more than one year, the viability and dynamics of its populations depend 
entirely on the production of seeds and the recruitment of new individuals from a soil 
seed bank.  Therefore, even a basic understanding of this rare species’ population 
dynamics requires an understanding of what happens to its seeds over time.  Research 

Figure 2.  Ashy Senecio ertterae soils and the 
candelabra branching habit of large individuals. 
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into the seed bank of S. ertterae will help advance this understanding by providing 
information on annual fluctuations and long-term trends in seed production and seedling 
recruitment, the size of S. ertterae’s soil seed bank, seed viability, germination 
requirements, the rate of viability decline among seeds remaining buried in the soil, and 
the relative demographic contributions of current-year and past-year seed crops.  In short, 
this research will help us understand demographic processes in this species and predict 
the response of its populations to climatic conditions, environmental disturbances, and 
management actions that affect seed production.  
 In 2004, we used topographic maps provided by BLM to re-locate known S. 
ertterae populations within the Leslie Gulch ACEC. Two large S. ertterae patches were 
eventually selected as research sites due to their large size, homogeneous habitat, 
accessibility, and limited visibility from the main Leslie Gulch road; the latter factor was 
considered important to reduce the potential for plot vandalism.  The two research sites 
are situated on adjacent talus slopes, separated by approximately 100 meters, and are 
located on the western toe-slope of Dago Gulch, about 0.15 and 0.22 miles south of Mud 
Spring, respectively (Figure 3).  Following selection of the two S. ertterae sites, research 
plots were set up to investigate seed bank dynamics in the species.   
 As described above, the goal of this research is to gain an understanding of the 
population dynamics of S. ertterae in order to inform management actions affecting this 
species.  Research tasks include (Figure 4):   

1.  develop a seed bank research plan, 
2.  visit known S. ertterae populations within the ACEC and select appropriate 
research sites, 
3.  establish long-term research plots, including seed burial and seed exclosure 
studies , 
4) collect seed production data,  
5) collect seeds for viability and germination tests, and  
6) collect and process soil samples to estimate seed persistence in the soil seed bank.  

METHODS 

 Initial seed collection, plot set-up, and data collection occurred on August 30-
September 2, 2004.  At that time, plants were in peak flower, with some immature 
flowers (approximately 15 percent) still enclosed within buds and only a few flowers (<1 
percent) that had developed into mature seed heads.  This phenological timing was ideal 
for the project, because the bright flowers facilitated easy detection of populations and 
the lack of seed heads allowed us to perform research tasks needing to take place prior to  
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Figure 3.  Topographic map showing locations of Senecio ertterae research plots 1 and 2, 
south of Mud Spring in the Leslie Gulch ACEC. 



Senecio ertterae:  seed bank dynamics in the Leslie Gulch ACEC, 2008                5                                

seed dispersal (described below).  However, the early stage of floral development slowed 
our seed collecting efforts considerably due to the paucity of mature seed heads. 
 Fifth year monitoring and seed collection occurred on September 15-16, 2008. 
The majority of capitula were in flower, though there was little mature seed in the plants 
in our monitoring plots.  
 

 
Reproductive 

plants 

Persistent seed 
bank  

(multi-year 
dormancy) 

 
Seed 

production 
(current-year 

 
Seedling 

recruitment 

 
Seed mortality 

Sampling 
transects 

Seed bank 
collections and 
viability tests 

Seed burial 
packets and 

viability tests 

Seed burial packets 
and seed bank soil 

collections 

Seed 
exclosure 

plots 

Figure 4.  Flow diagram of the Senecio ertterae life cycle, and the research activities 
(in red) being conducted to measure the fate of seeds at each stage. 
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Study plots 

 Each year, ten 0.5m wide latitudinal transects were randomly selected and 
sampled for the number of individual Senecio ertterae plants and the number of capitula 
on each plant. Because the two S. ertterae patches are so big and densely populated, we 
estimated seed production using a sub-sampling approach.  Sub-sampling was performed 
by establishing four steel rebar corner posts around each plot and then counting the 
number of plants and flowers along randomly selected transects.  Ten transects were 
sampled at each site, each measuring 0.5 meters wide and spanning the length of the plot.  
The flowers of all plants within 0.5 meters of each transect were counted.  As shown in 
Appendix B, Plot 1 is 16 m x 16 m, so the 10 transects represent a 32 percent sample of 
the entire plot.  Plot 2 (Appendix B) is 20 m x 10 m, so the 10 transects represent a 50 
percent sample of the entire plot.   New transects will be randomly sampled every year to 
provide data on annual seed production levels within each plot.  The total number of 
plants and total number of flowers per plot were estimated by multiplying each by either 
3.125 (plot 1) or 2 (plot 2).  See Appendix A for plot diagrams and layout information. 

Seed production 

 We estimated total seed production by multiplying the mean number of viable 
seeds produced by each flowering head (using a random sample of 30 seed heads) by the 
total number of flowering heads within each plot.  In 2007, the capitula were collected 
from outside, but near our study plots.  In 2004 – 2006, we used both germination and 
chemical viability testing with triphenyl tetrazolium chloride (TZ test) to determine seed 
viability.  In 2007, we could not find 
plants with intact, mature capitula 
inside the plots so were unable to make 
collections.  In 2008, we did not 
collect capitula from the plots due to 
the extremely small population size.  
In 2007 and 2008, we used the TZ 
method to test viability of seeds 
collected from several populations 
near our study populations.   

Soil seed bank 

 Fundamental to understanding 
seed bank dynamics is knowledge of 
the size of the soil seed bank, 
including the portion of the seed bank 
that persists and remains viable for 
multiple-years.  This is the fraction of 
the seed bank that will restore 
populations if current-year seed crops 
fail due to grazing, unfavorable 
climate, pests and diseases, or other 
factors.  To investigate this, three soil 

Figure 5.  Collection of soil samples 
within S. ertterae research plots. 
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samples were randomly collected and pooled from each of the 10 transects used for seed 
production sub-sampling at each plot.  Soil samples were collected by inserting a 
cylindrical metal bulb planter approximately 10 cm into the soil (Figure 5), sliding a 
trowel underneath the planter opening to trap the core sample inside, and then 
transferring the sample from the planter into sealed plastic bags.  The three pooled 
samples resulted in approximately 965 cm3 of soil.    
 In the first year of sampling (2004), soil samples were sifted into seven different 
particle size classes.  Each class was weighed to determine soil composition and analyzed 
for the presence of S. ertterae seeds.  The majority of S. ertterae seeds were found in the 
0.589 - 0.833 mm size class.  A few seeds were found in the 0.059 - 0.589 mm class.  All 
Senecio ertterae seeds were removed, counted and described as clearly unviable or 
potentially viable.  TZ tests were used to test the viability of seeds determined 
“potentially viable.”  
 In 2005 - 2008, the composite soil samples from each transect were sifted into 
two classes, 0.589 - 0.833 mm and 0.059 - 0.589 mm.  Based on the first year’s research, 
we are confident that this captured all S. ertterae seeds in our soil samples.  TZ tests were 
used to test the viability of seeds determined “potentially viable.” 
 The size of the persistent seed bank was estimated by multiplying the viable seed 
content from the known volume of soil samples and the size of each research plot. 

Recruitment from the persistent seed bank 

 Another goal of this study was to determine what proportion of seedling 
recruitment results from the persistent soil seed bank, in contrast to recruitment resulting 
from the current year’s seed crop.  Along with seed bank size measurements, discussed 
above, this information will help predict the resiliency of populations to disturbances and 
climatic conditions that 
might reduce or eliminate 
seed production for one or 
more years.  
 To address this 
issue we established plots 
that excluded all current-
year seeds, so any seedling 
recruitment the following 
year can be attributed to 
seeds from past generations 
retained within the 
persistent seed bank.  
Meanwhile, the difference 
in recruitment within and 
outside seed exclosure plots 
provides an estimate of 
seedling recruitment from 
current-year seeds.  As such, 
the seed exclosure plots 
answer two questions at the 

Figure 6.  Seed exclusion fabric placed within S. ertterae 
plot to determine recruitment from seed bank. 
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same time.   To create these seed exclusion plots we randomly selected one location 
along each of the 10 population sub-sampling transects (described above) at each site, 
and at each location we pinned down a 0.5 m x 0.5 m square of lightweight insect barrier 
fabric (Figure 6).  This durable, UV-resistant fabric is permeable to air and water, but 
does not allow seeds through its tightly woven polyethylene mesh.  New plots were 
established in 2004 - 2007 to obtain annual data on seedling recruitment from the 
persistent seed bank.  The difference between seedling recruitment within and outside 
seed exclusion plots provides an estimate of seedling recruitment from current-year seeds. 

Seed longevity in the seed bank   

 We are also investigating the longevity of seeds buried in the soil.  This 
information is important because it can help us understand how long seeds persist in seed 
banks and how well populations might rebound from prolonged periods of drought, 
grazing, or other factors that reduce or eliminate seed production for multiple years.  In 
such cases, population rebound will hinge on recruitment from a persistent seed bank.  To 
address this question, we placed S. ertterae seeds into packets and buried them in the soil 
at each research plot (Figure 7) (see Appendix B for packet burial locations at each plot).  
Packets were constructed from the same permeable synthetic fabric that was used for 
seed exclusion plots, thus allowing seeds to experience normal environmental 
fluctuations in temperature, humidity, soil moisture, fungal pathogens, etc.  Seed packets 
(75 seeds per packet) were buried in groups of 4 at 15 locations within the research plots.  
Each of the 15 locations was marked by a steel rebar post.   One packet from each of the 
15 groups will be excavated and subjected to seed viability tests each year for four years 
(or perhaps some combination of alternating years, depending upon initial results), 
beginning in 2005.  As such, each year of seed packet excavation will provide 15 
replicates of seed viability data. 
Viability tests will be performed 
using TZ or germination trials, as 
described above.  

Seed viability and germination 

 As mentioned above, 
levels of seed viability in S. 
ertterae were determined by 
subjecting seeds (Figure 8) to 
two kinds of tests until 2007.  In 
2004 - 2006 seed viability was 
tested using a standard TZ test 
which measures active 
respiration and seeds were 
germinated seeds in the lab. In 
2007 and 2008 seeds were only 
tested for viability with the TZ 
test.   
 

Figure 7.  Senecio ertterae seed burial packet 
containing 75 seeds.  
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Viability testing-  Triphenyl tetrazolium chloride, or TZ, is a chemical used to assess the 
viability of seeds by detecting respiration.  When viable seeds are moistened, the 
mitochondria within the cells become active and produce dehydrogenase enzymes.  TZ 
reacts with the dehydrogenases to create formazan red, an insoluble compound that stains 
the seed tissue pink to red.  The level of color saturation is positively correlated with the 
level of respiration. TZ can detect viability in seeds even when germination requirements 
are unmet or unknown.  Other live tissues, such as fungi or bacteria living on a seed, will 
also stain red, so the pattern and uniformity of staining is used to determine seed viability 
and quality.    
 TZ tests had not been developed for S. ertterae prior to our project, so we 
evaluated several protocols for accurate seed viability testing of this species before 
selecting an efficient, effective procedure.  Two methods that were relatively 
unsuccessful were cutting the seeds before staining and one week of cold pretreatment 
plus cutting the seeds prior to staining.  The protocol that resulted in the best staining is 
outlined below.  This protocol was used to produce all results described in this report:  
 

1. Soak seeds in a 3% hydrogen peroxide solution for 15 minutes to sterilize the seed 
coat. 

2. Subject seeds to one week of cold (4 C), moist pretreatment (do not cut seeds) by 
placing them on moist germination paper in plastic boxes in a refrigerator.  Cold 
pretreatment helped overcome deep dormancy and deepened the shade of red 
stain on live seed tissue. 

3. Place seeds in a small glass Petri dish and cover with a 2% TZ solution for 
approximately 48 hours at room temperature. 

4. Remove seeds from the TZ solution, rinse with distilled water, and place in a 
clean Petri dish. 

Shriveled seed 
4 mm 

plump seed 

Figure 8.  Senecio ertterae seeds, with examples of shriveled and plump seeds.  Most 
seeds were 3 – 4 mm in length.  Note the yellow flower parts and green involucral 
bracts. 
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5. Soak seeds in several drops of 85% lactic acid (sufficient to cover the seeds) for 
approximately 24 hours prior to assessment.  Lactic acid clears most of the brown 
pigmentation from the seed coats and improves visibility of the embryo.   

6. Examine seeds under a dissecting microscope for staining, and sort into categories 
of clearly viable, questionable, and nonviable based on intensity and pattern of 
staining (Figure 9). The number of viable seeds was calculated as the sum of the 
number of clearly viable seeds plus half the number of questionable seeds (a 
standard TZ procedure). 

 
 When necessary to make a determination, seeds were bisected with a razor blade 
and the seed interior was examined.  Moistened S. ertterae seeds are surrounded by a 
gelatinous mass and can be very slippery. We found that the most efficient way to bisect 
a S. ertterae seed was to hold the seed sandwiched between the ends a pair of curved nose 
tweezers, with the pointed end of the seed pointing in the same direction as the tweezers 
and slide the razor blade on the midline between the tweezer ends. 
 Seeds were examined under a dissecting microscope and placed into one of three 
categories: viable, questionable, and unviable.  

 
Clearly viable seeds were characterized by relatively uniform pink or red staining 
throughout the seed body including the pointed tip where the radicle emerges and 
a firm embryo. Viable seeds may have had zones of damage or infection but these 
defects were either in a nonessential area of the seed (such as the ends of the 
cotyledons) or of such a low magnitude that they were not be expected to 
jeopardize the vitality of the seed. 
 
Questionable seeds were seeds that contained live tissue, but had defects that may 
prevent the embryo from surviving and developing into a mature plant.  These 
seeds often had irregular staining or patches of very bright red or soft brown 
denoting damage and/or bacterial or fungal infection.  A seed was categorized as 
questionable if either the extent or location of damage made it questionable if the 
seed would survive to maturity.  For example, a seed with a small bright red or 
brown spot on the end of a cotyledon was placed in the viable category.  However, 
a seed with the same markings in the vicinity of the radicle or apical meristem 
was characterized as questionable. 
 
Nonviable seeds were characterized by unfilled seed coats, absence of staining, 
and/or a flaccid embryo. Seeds with some living tissue, but no continuous link of 
live tissue between the radicle and apical meristem were also considered unviable.  
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We conducted TZ tests on seeds from various stages in the seed-cycle of S. ertterae as 
evaluated in our experiments.  These included: 
 1.  Potentially viable seeds from soil cores. 

 2.  Seeds visually assessed to be “good” from 3 randomly sampled intact capitula.  
 3.  Buried seed packets. 

 
 Germination testing -- In 2004, we performed a replicated, factorial experiment to 
determine the conditions required to achieve maximum germination in the lab.  We tested 
12 combinations of light intensity (light or dark) and the duration of cold stratification (0, 
2, 4, 6, 8, or 12 weeks at 5oC).  The light treatment provided seeds with regulated 12 hr 
photoperiods, whereas in the dark treatment, seeds were maintained in the dark by 
wrapping germination trays in aluminum foil.  All seeds were rinsed with a 3% hydrogen 
peroxide solution to inhibit the growth of mold in the germination trays.  200 seeds were 
placed in a tray for each treatment (each seed representing a single experimental 
replicate).  Seeds were collected August 30 - September 2, 2004.  All seeds were mixed 
to remove potential maternal effects from germination data.   
 We used the conditions determined to be optimal in the 2004 experiment for seed 
germination in 2005 and 2006.  Groups of 200 seeds were put in seed germination boxes 
scattered over moist germination paper and placed in a cold chamber (5oC) for 8 weeks. 
After cold pretreatment, seed boxes were moved to a warm chamber (25°C day/15°C 
night) for 2 weeks before germinants were counted.  In 2005 and 2006, seeds were not 
pretreated with H202, but were misted with the solution as fungal infection appeared. 
Germination testing was not performed in 2007 or 2008. 

Data analysis 

 The original intent of this study was to collect population data for ten years in 
order to model population dynamics and the effect of climate.  Ten years is generally the 
minimum amount of time necessary to account for small-scale variations in climate.  As 
this study was terminated after six years, we are not currently able to conduct these 
analyses.  We tested for a correlation between current year population size and previous 

Figure 9.  Senecio ertterae seeds stained with TZ.  Seeds on the far left were 
determined to be good (viable) and actively respiring because they stained red.  
Seeds that were all black and did not stain most likely had been infected with fungi.  
Unfilled seeds stained a very light yellow and generally had a visible air pocket.  
Seeds on the far right stained yellow and were assessed to be nonviable because they 
were not respiring. 

     good                                           infected                       unfilled        not-respiring                                                           
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year flower production, number of plump seeds, and/or number of viable seeds (NCSS 
2001). 

RESULTS AND DISCUSSION 

Seed viability and 
germination 

 Cold 
stratification followed 
by warm temperatures 
in the light resulted in 
the highest levels of 
germination of S. 
ertterae (Figure 10).   
Under these conditions, 
germination reached a 
peak of approximately 
50% after eight weeks.  
This was the method 
used in all subsequent 
germination trials.  
Germination in the 
dark was never greater 
than 8%.   
 In January 
2006, we used 
germination trials to 
compare germination 
in seeds collected in 
2004 and 2005 
(approximately 15 
months and 3 months 
post-collection, respectively).  Although seeds spent the majority of time in the dark at 
5oC, power failures resulted in several brief warming periods.  In addition, we found one 
of our seed boxes had been opened and subsequently had dried-out between sampling 
periods.  Thus, the numbers that we report here may actually be lower than those had 
conditions remained stable.  After seven weeks, germination was 43% and 46.5% in 
seeds from 2004 and 2005, respectively.  Of these, there was poor radicle development in 
24.5% of the 2004 seeds and 9% of the 2005 seeds, suggesting a decline in seed quality 
with time.   
 Similar levels of viability were obtained using TZ tests.  In the baseline viability 
tests, 44% of the 2004 seeds and 49% of the 2005 seeds were determined viable.  In this 
trial, we tested seeds that were visually determined to be potentially viable (in capitula 
counts, these seeds were classified as “plump”).   The similarity in results between the 
germination and TZ tests indicates that we determined optimal protocols to detect the 
majority of viable seeds and that either germination trials or TZ tests could be used to 

Figure 10.  Germination of Senecio ertterae seeds germinated in 
the light or dark in cold stratification (5oC).  Error bars are 95% 
C.I. 
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determine the maximum number of viable seeds. When we tested only seeds that visually 
appeared to be viable (“plump" from intact capitula, 87% to 96% of the seeds were 
determined to be viable. 
 
 

Table 1.  Population size and reproduction data for S. ertterae populations.  The mean 
number of seeds per capitulum includes all seeds in the capitulum, including those that are 
shriveled and clearly not filled.  Plump seeds are those that visually appeared to be filled. 
   mean # of 

plants transect-1 
mean # flowers 

transect-1 
mean # of seeds 

capitulum-1 
plump capitula 

(%) 

2004     

 plot 1 147.4 ± 53.0 1674.7 ± 220.5   

 plot 2      73.7 ± 13.2 4060.6 ± 455.0   

    43.6 ± 1.6 71.70% 
2005     
 plot 1 25.4 ±   5.2 88.8 ±   25.3   

 plot 2 430.4 ± 69.1 3999.9 ± 441.1   

    48.8 ± 1.7 45.70% 
2006     
 plot 1 3.7 ± 1.7 141.1 ± 70.9   
 plot 2 86.4 ± 4.7 41.2 ± 14.8   

    38.6 ± 3.0 35.80% 
2007     
 plot 1 69.6 ± 15.7 1644.5 ± 283.5   
 plot 2 93.6 ± 18.9 1502.9 ± 273.7   
    33.6 ± 2.2 60.4 ± 5.7 
2008     
 plot 1 2.5 ± 3.5 7.9 ± 13.0   
 plot 2 1.3  ± 1.3 49.8  ±  72.0   
    31.7 ± 1.6 73.2 ± 2.1 
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Table 2.  Estimates of population size and reproduction in S. ertterae based on 
population subsamples.  Plump seeds are those that visually appeared to be filled.  From 
2004 – 2006, estimates of plump and viable seeds were made using seeds sampled from 
within our plots.  In 2007-2008, estimates were made using seeds collected from adjacent 
populations.  Seed viability was determined using tetrazolium (TZ) tests. 
 plants flowers flowers per plant plump seeds viable seeds 
2004      
 plot 1 4,606 52,334 11 1,709,534 747,921 
 plot 2 1,474 81,212 4 2,590,663 1,133,415 
2005      
 plot 1 794 2,775 5 61,605 30,032 
 plot 2 8,608 79,986 9 1,775,689 865,648 
2006      
 plot 1 116 4,409 41 17,257 12,080 
 plot 2 1,728 25,442 14 92,314 64,620 
2007      
 plot 1 2,175 51,391 32 1,043,308 54,586,170 
 plot 2 1,872 30,058 18 610,219 31,926,818 
2008      

 plot 1 78 247 3 181.1 139.1 
 plot 2 26 996 29 730.5 560.9 
 
 

Seed production 

 Size and reproduction varied substantially between years and plots (Tables 1, 2).  
In 2004, the plants in both plots were relatively large, with the candelabra branching habit 
(Figure 2).   In 2005, the population in Plot 1 experienced approximately an 80% 
decrease in the number of both plants and flowers compared to 2004.  In contrast, in Plot 
2, there were more than 5 times the number of plants in 2005 compared to 2004.  The 
population increase in 2005 was due largely to an increase in small, single-stemmed 
individuals that did not produce many flowers.  Thus, the average number of flowers per 
plant decreased, resulting in approximately the same number of flowers in both 2004 and 
2005.  In 2006, there was a substantial decline in the number of plants in each plot.  The 
number of flowers in plot 2 also continued to decline.  However, the estimated number of 
flowers in plot 1 was 159% of that in 2005.  In 2007 there were increases of both plants 
and flowers in both plots. Compared with 2006 the mean plants per transect in plot 1 
increased by 1881% and in plot 2 by 108%. The mean flowers per transect increased in 
plot 1 by 1165% and in plot 2 by 549%.  There was a dramatic decrease in the number of 
plants and flowers in 2008.  On average, there were approximately two plants per transect 
in each plot.  The few plants that were present were generally smaller candelabras and 
restricted to the downslope end of the population.   
 Both the total number of seeds and the number of viable S. ertterae declined in 
2006 compared to the previous two years of study.  There were 44 and 49 seeds per 
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capitulum in 2004 and 2005, respectively (Table 1).  Since 2005, the number of seeds per 
capitula has decreased steadily to 31.7 ± 1.6 in 2008.   Maternal investment in filling 
seeds decreased from 71.7% filled seeds in 2004 to a low of 26% filled seeds in 2006.  
The percent of filled seeds then increased substantially to a high of 73% in 2008.  We 
estimated that in 2008, only 140 and 561 seeds were produced in plots 1 and 2, 
respectively.   

Seed bank size 

 In the first year of sampling (2004), soil samples were sifted into seven different 
particle size classes.  Each class was weighed to determine soil composition and analyzed 
for the presence of S. ertterae seeds.  The majority of S. ertterae seeds were found in the 
0.589 - 0.833 mm size class.  A few seeds were found in the 0.059 - 0.589 mm class.  We 
did not find seeds in any other particle-size class.     In 2005 – 2008, we looked for seeds 
in only the 0.589 - 0.833 and 0.059 - 0.589 size classes.   
 The number of plump seeds in the soil samples has varied from a low of 0.013 
seeds cm-1 in plot 2 in 2004, to a high of 0.328 seeds cm-1 in plot 2 in 2006 (Table 3).  
Using tetrazolium tests, we have found that few of these seeds have been viable.  We 
found no viable seeds in 2004 and 2006 (however, in 2004, we did not test the seeds from 
the soil samples until approximately 15 months after sampling and storage may have 
exaggerated the decline in viability of these seeds).  We recorded the highest viability in 
2005, 0.024 seeds cm-3.   Although these numbers are relatively small, we estimate that 
there have been up to 2,434 seeds per m2 of soil, to a depth of 10 cm.  If seeds were 
distributed evenly through the site, this would results in approximately 623,104 seeds in 
the soil in plot 1.  Thus, there may be sufficient seeds in the seed bank to sustain the 
population if there are successive years of poor seed production.   

Recruitment from the seed bank 

 Plants were found in the seed exclusion subplots in plot 1 in all years of the study 
(Figure 11).  In 2005, we found a total of nine plants under the ten exclosures (total area 
of 2.5 m2).  In 2006, we found a total of 44 plants under nine exclosures (total area of 
2.25 m2, one subplot was damaged), with an average of 4.9 plants per plot   In 2008, two 
plants were found in six exclusion plots that remained intact in plot 1.   No seedlings 
were found in the seed exclusion experiment in plot 2 in 2005, 2006, or 2008.  Given the 
assumption that our exclusion technique is effective, these data suggest that there is 
recruitment from the seed bank, but that this process can differ substantially between sites 
and years.  In 2007, we found 9 and 34 plants under the exclosures in plots 1 and 2, 
respectively.  However, none of the exclosures were intact at the time of sampling and we 
cannot be sure that the plants were the result of recruitment from the seedbank or from 
the current years’ seed production. 
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Figure 11.  Senecio ertterae that has germinated in a seed exclosure plot (within 
red-dashed oval).  This plant is assumed to have come from the soil seed bank.   
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Table 3.  The number of plump and viable seeds in the soil seed bank.  Seed viability 
was determined using tetrazolium (TZ) tests.  

 Plump seeds 
(cm-3) 

Viable seeds 
(cm-3) 

Estimated number of viable seeds per 
m2 of soil to a depth of 10 cm 

2004    
 plot 1 0.019 0 
 plot 2 0.013 0 

1,6001 

2005    
 plot 1 0.088 
 plot 2 0.31 

0.024 2,434 

2006    
 plot 1 0.145 0 
 plot 2 0.328 0 

0 

2007    
 plot 1 0.165 
 plot 2 0.267 

0.004 414 

2008    

 plot 1 0.055 0.006 622 
 plot 2 0.080 0.009 933 
1Seed These seeds were not tested until approximately 15 months after sampling and 
storage may have exaggerated the decline in viability of these seeds.   

Seed longevity in the seed bank 

 At the time of burial, all 75 seeds placed in each packet appeared plump and 
viable.  The percent of filled seeds declined from 44% and 55% of seeds from plots 1 and 
2 one year after burial to fewer than 30% plump seeds four years after burial.  Seed 
viability differed significantly between plots the one year after burial.  Based on TZ 
testing, 3.05% of the total number of buried seeds from plot 1 and 34.2% of the total 
number of buried seeds from plot 2 were viable. However, viability in both plots declined 
to less than 8% the following years. 
 

SUMMARY AND CONCLUSIONS 

 The factors that drive fluctuations in S. ertterae population size are still unclear. 
Although years with high seed production tended to be followed by years with relatively 
large population size, this relationships was not significant (P > 0.05).  For example, the 
relatively low numbers of plants found in 2006 were likely the result of low seed 
production in 2005 and the strong recruitment in 2007 may be partially explained by high 
flowering in 2006.  However, populations in both plots in 2008 were extremely small 
despite high seed production in 2007 
 .  
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Figure 12.  Senecio ertterae seeds that appeared filled and that were 
determined to be viable using TZ tests after 1 – 4 years of burial in seed 
packets. 
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 Our results suggest that there may be some recruitment from the seedbank.  We 
found that a small proportion of seeds remained viable after four years of burial and 
plants were found under the seed exclosures in the years that they remained intact.  
However, as viability declined so dramatically, it is unlikely that the soil seedbank would 
be able to sustain a population after several years of unsuccessful seed production.   
 Despite the proximity of our plots to one another, they have exhibited very 
different patterns.  The number of plants in plot 2 was relatively similar in 2004, 2006, 
and 2007.  In contrast, the number of plants in plot 1 has fluctuated dramatically in the 
five years of this study.  Thus, while there are probably large-scale factors that drive 
yearly population dynamics (e.g. rainfall, temperature, and grazing), there also appear to 
be significant local patch dynamics, the drivers of which are still unclear.    
 We recommend that populations of S. ertterae continue to be monitored on a 
yearly basis in order to determine if populations decline beyond a tolerable level.   Seeds 
from this project have been banked at the Berry Botanical Garden and may be used in the 
future if population enhancement or reintroduction are necessary. 
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APPENDIX A, DIRECTIONS TO LESLIE GULCH  

·  Quickest route from Corvallis (~9 hours) 
·  I-5 north to I-84 
·  I-84 to Highway 95 South (turn-off is just south of Ontario) 
·  This highway will take you into Idaho.  While in Idaho, approximately 7 miles 

from Oregon/Idaho border, turn right on McBride Road (this road is also signed 
for the Leslie Gulch Recreation Area). 

·  8.7 miles from highway turnoff, at the school sign, road splits.  Bear right.  At 
10.5 miles, go left.   

·  Turn left into Dago Gulch to get to sites, camping area (on private property).  
Research plots are down the gulch, approximately 20 and 25 meters (through 
private/BLM property fenceline) from camping area, on hill slope.
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APPENDIX B, LAYOUT OF SENECIO ERTTERAE SEED BANK RESEARCH PLOTS  
 
 

Procedures for Plot 1 
Sampling transects 
10 transects (0.5 m wide) are established at random locations along the y-axis to sample 
the plot every year.  As the y-axis is 16m long, there are 32 possible transect locations.  
Count number of flowers on all individuals rooted within 0.5 m of the transect, on the 
uphill side of the transect.  
 
Soil samples and seed exclusion plots 
Three soil samples are randomly collected (and pooled into a single bag) from each of the 
10 sampling transects.  One fabric seed exclosure plot (0.5 x 0.5 m) is established at a 
random location along each transect.  As each transect is 16 m long, there are 32 possible 
locations for soil collections and seed exclosure plots.   
 
Seed burial packets 
Seed burial packets are buried in groups of 4 at each tagged rebar location.  Packets in 
each group are spaced 20 cm apart; to the left (south) of the rebar as you look uphill.  
Therefore, packets are located 20, 40, 60 and 80 cm to the left of each rebar post.  In year 
1 (2005), each packet at 80 cm will be collected from each of the 7 rebar posts.  In year 2 
(2006), each packet at 60 cm will be collected, and so on over progressive years. 
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Procedures for Plot 2 
Sampling transects 
10 transects (0.5 m wide) are established at random locations along the y-axis to sample 
the plot every year.  As the y-axis is 10m long, there are 20 possible transect locations.  
Count number of flowers on all individuals rooted within 0.5 m of the transect, on the 
uphill side of the transect.  
 
Soil samples and seed exclusion plots 
Three soil samples are randomly collected (and pooled into a single bag) from each of the 
10 sampling transects.  One fabric seed exclosure plot (0.5 x 0.5 m) is established at a 
random location along each transect.  As each transect is 20 m long, there are 40 possible 
locations for soil collections and seed exclosure plots.   
 
Seed burial packets 
Seed burial packets are buried in groups of 4 at each tagged rebar location.  Packets in 
each group are spaced 20 cm apart, to the left (south) of the rebar as you look uphill.  
Therefore, packets are located 20, 40, 60 and 80 cm to the left of each rebar post.  In year 
1 (2005), each packet at 80 cm will be collected from each of the 7 rebar posts.  In year 2 
(2006), each packet at 60 cm will be collected, and so on over progressive years. 
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APPENDIX C, PHOTOS OF SENECIO ERTTERAE PLOTS 

Senecio ertterae plots in 2004.
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Senecio ertterae plots in 2005.
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Senecio ertterae monitoring plots in 2006. 
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Senecio ertterae plots in 2007.
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Senecio ertterae monitoring plots in 2008. 


