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Preface

The management recovery plant for the Eureka Dunegrass (Swallenia
alexandrae Soderstrom and Decker) and the Eureka Evening Primrose (Qenothera
avite ssp. eurekensis W. Klein) sbecified the need for a monitoring program that
could provide long-term, quantitétive data oh these species populations (DeDecker
1981). These data could indicate the "post-preservation” status of Swallenia and
Oenothera, suggeét meanagement guidelines for the dune endemics and lead to &
general design for monitoring programs that could be used with other rare and
endangered taxa.

In part | of the present series of studies on the demography of the Eureka
Dune endemics, Pavlik and Barbour (1985) reported on the results of field and
laboratory work conducted during the period of February to August 1985. The main
topics of that research were seed production, dispersal and the effects of
" herbivores on the species populations, including the rare Astragalus lentiginosus

var. micans Barneby (also endemic to Eureka Dunes). Recommendations were made

for further investigations regarding other aspects of these species. The specific
bbjectives 0f the present proposal were developed from those recommendations.
The objectives .include; 1) 8 continuation of the demegraphic monitoring of
seedlings'and juveniles (from a late summer 1984. germination event) that was
begun last year' (1985) in permanent census plots, 2) continuation of the
demographic monitoring of mature and senescent individuals that was begun last
year in those same census plots, 3) an analysis of macroclimatic récords in an
effoft to characterize the conditions of summer.and fall 1984 that led to a rere
mass germination of all three species and to determine the frequency of those
conditions over longer periods of time, 4} an analysis of seed bank composition to

determine the number of viable progeny stored within the substrate, and S) a



laboratory experiment that will give some indications of long-term seed viabilitg
under optimal conditions. Objectives 1 and 2 are incorporated into Chapter 1, 4
and S in Chepter 2 and quective 3 in Chapter 3 of this report. In addition,'
| Appendix A provides more data on seed production and seed rain and Appendix B is
a copy of the paper presehted at the CNPS conference on the conservation and
mangement of rare plants in I:aiifornia'. Appendix B is incldded_ to provide a
summary paper that combines results from the 1985 and 1986 studies. '
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Chapter 1:

Survivorship



Introduction

Demographic studies of plants indicate that each species population can
possess unique attributes that ultimately determine local abundence and/or
persistence through time (Harper 1977). A thorough analysis of these attributes
is of primery importance in the menagement of endangered populations simply
because abundance end persistence are at the center of all recovery efforts. Such
efforts are usually undertaken once the threat of humen disturbance has been
minimized (by various land-use restrictions) so that management requires a
knowiedge of the populstion's status (whether it is declining, stable or growing)
under the most "natural® of conditions. This determination can be made by
selecting a few, relevant and related population attributes and conducting a
demographic monitoring program ‘(Pavlik 1987). The purpose of this paper is to
illustraete the use of survivorship, seed production, seed bank and temporat
establishment data for addressing the status of three endemic populations at
Eureka Dunes, Inyo County, California.. The Eureka Valley populations comprise the

entire known distribution of Swallenia alexandrae (Sodersirom and Decker),

Qengthera avite ssp. gurekensis W. Klein and Astragalus lentiginosis var. micans
Barneby, all of which are suffrutescent perenniats restricted to deep, windblown

accumulations of sand (Pavlik 1979a.b).

Het'hods and Ha{erials

Establishment of the demegraphic plots, In February 1985 three sites were
established on the northwest flank of the main dune (Figure 1) in an area that has
been extensively studied in the past (Henry 1976, Pavlik 197%a, 1979b, 1980,

Pa#lik and Barbour 1985). The sites were chosen so that each represented one of



ihe s'tud‘g species according to the fellowing criteria; 1) the species population
was composed of at least 150 individuals from all ager’sizé classes, 2) the'
populatidn was loc‘ated in a dune habitat typical of the species (e.g. steeper, less
stable slopes for Syallenia and lower, more stabilized slopes for Denothera and
Astragalus (DeDecker 1976, Pavlik 1579a)), 3) germinule and seediing densities
were similar to those observed in other parts of the dune system and 4) the site
Yas a considerable distance from footpaths used by dune visitors.

At each site a large plot was randomly positioned with its lower boundery
oriented along a 60° compass bearing. Plot size varied among the three species
(Figure 2) and reflected differences in the size and density of individual plants
(nuél}er-Dnmbois and Ellenberg 1974). The corners of the plots were marked with
0.5 cm diemeter stainless steel rods that wefe threaded over their entire length
and hed a 8 cm diameter hook on one end. These rods could be screwed inte the
sand for a distance of about 30 cm leaving the hooked end exposed. They were used
to attach sampling tapes during subsequent visits and insure that the relocotion of
subplots could be accurately achieved. The markers were left in place éfter the
1986 field season.

Swallenia - The upper .plot contained the Swallenia subpopulation and
was 50 m X 50 m (2500 m2). Its western half was dominated by a
lerge, gently contoured valley whose lengitudinal axis had a bearing of
340° and an average slope of 6%8. The eastern half was bisected by &
broad sand ridge that paralleled the adjacent valley. Sand in the valley
was rather loosely aggregated, whereas that on the ridge teriged tobe
tightly packed in the most exposed locetions. The subterranean Idistance
to moist layers of sand appeared to be uniform throughout the plot and
varied between 10 and 50 cm over the course of 1985. Dicoria canescens

- ssp. glarkae was the only other plant commonly found in the Swallenia



piot and numerous seedlings were observed ih the springs of 1985 and
1986. Relatively few of these, however, lived to bear fruit during the
fall. The plot also was the site of considerable animal activity, with
ample evidence of jackrabbits, kangaroo rats, kit fox, lizards, ants and

beetles.

- Denothera - This plot was placed approximately 100 m downslope (north)
from the Swallenia plot on a gentle (< 58) northwest-facing slope. It
was 50m X 10m (500 m™2) with the long axis oriented along & 609
bearing. Sand packing in the plot was uniformly loose. In the western
two&hirds of the plot exposed bands of moist sand wére found
throughout' the year, indicating that dune water was in close proximity to

this QOenothera subpopulation. Swallenia, estfa'galué, _ Elsome
sparsifolia, Dicoria canescens ssp. clarkae and Oryzopsis hymenoides

were also found here, as were many signs of animal activity.

Astragalus - Approximately 10 m north of the Denothera plot was the
stand of Astragalus. The plot was 30m X 25 m (750 m™2) with its
longitudinal axis along a 609 bearing. There was almost ho slaope to the
plot and the sand waé uniformly ioose throughout. The distance to moist
sand was greater than in the other two plots and seldom closer than 40
cm from the dune surface. Alsp fouﬁd in this plot were Swallenis,

genothera, Tiquilia plicata, Psorothamnus polyadenia and QOryzopsis
hymenoides. Only a few signs of animals were observed here. |

Demographic_sampling. On five occasions during 1985 {2/15-16, 3/21-22, 4/26,
5/31-6/1 and 8/11-12) and three during 1986 (3/22-23, 5/29 and 10/4-5) the

demographic plot_s were sampied for the number of live individuals and notes were



mede regarding their vigor, growth, life history stage and phenological state.' Life
history stages for the study plants are given in Table 1 and wére developed from
observations made on laboratory and field-grown plants (Pavlik 1979b). These
stages included established plants (mature (M) or senescent (St)) and recruits
(germinule (G), seedling (S}, juvenile (J) or in the case of Swalienia,
hummock-forming juvenile ( @)). Phenological observations followed the

conventions used by Pavlik (1979a).

Swallenia - The plot was subsampled using 10 strip sub-plots, each 50 m
X 1m (50 m™2) that extended upslope from the baseline (Figure 2). These
were randomly located in February 1985, but from then on theg became
the permanent subplots. The centers of subplots were located 4, 9,
15, 19, 24, 28, 36, 38, 43, and 45 m from the NE corner of the plot.
Subplots 4, 9, and 1S were on the east-facing slope of the sand ridge,
19, 24, and 28 were on crest of the ridge itself and subplots 36, 38, 43
and 48 -were in the broad valley. Each time the census weas taken, a
'scaled map of each subplot was generated by marking the location of live
and 'dead .individuals rooted within the subplot. A plant was considered
dead if it possessed' no green lissue during tﬁe March-November
growing' period or if it could not be found in its previous location.
Certain large .individuals were staked as reference points and the
locations of other landmarks (e.g. distinctive clusters of Dicoria
seedlings) were noted. This allowed the fates of individual plants to be
accUréte]g monitored throﬁghnut the study. Attempts were made to tag
all plants in addition to mapping, but this effort was defeated then wind
storms (or possibly vandals) removed the 30 cm wire stakes that held

the tags.



Cenothera - The plot was subsampled using 15 subplots, eacﬁ 10m ¥ im
(10 m'2) and oriented with the long axis' upslope from the baseline.
These were randomly located in February 1985, but from then on they .
became the permanent subplois. The centers of subplots were located S,
8, 10, 12, 13, 1'6, 20, 23, 24, 26,29, 32, 35, 39, 42 and 48 m from the NE
corner of the plot. Subp'lots 20-48 wére closest to the exposed bands of
water-bearing sand. Each time a census was taken a map of each subplot
was generated by marking the location of live and dead individuals rooted
within the subplot. A plent was considered dead if it possessed no green
tissue during the yeer or if il was not f_oun'd'in its previous location.
Certain large individuals were staked as reference points and
photographed repeatedly during the study period. This allowed the fates
‘of individual plants to be accuratelg monitored. Attempts were made tol
tag plants in eddition to mepping, but this effort was defeated when
wind storms removed the 30 cm wire stakes that held the tags.

Astragalus - Unlike the previous plots, that of Astragalus was not
subdivided into subpl'qts. -1t was completely surveyed because the
density of plants was not very high and each individual was conspicuous.
it was-po;ssible to accurately map every individual in the plot, including
germinuies and seedlirigs. ‘Landmarks were also used heré, including
some distinctive clumps of Psorothamﬁus and Oryzopsis. A plant was
considered dead if it poss'essed no green tissue during the year or if it
could not be located in its previous location. Attempts were made to
tag plants in addition te mapping, but this effort was defeated when

wind storms removed the 30 cm wire stakes that held the tags.



Data apalyses. Plots of time (days since the February 1985 census) versus the
number of living individuals were made using the 1985-86 census data. These
plots represented true survivorship curves for young plants (recruits) of

Swallenia, Oenothera end Astragalus {germinules, seedlings and juveniles) that

_were established as 8 single cohort after the fall 1984 germination event. Plots ‘
for older, establishéd ptents (mostly mature and senescent .individuals) of the
three species represented population depletion curvés because these individuals
may have been from different cohorts of various ages (Harper 1977). It was then
possible to calculate half-lives (the time in which a population decreases by 50%)
and persistence (the time in which a population decreases by 100%) for whole
populations or for subpopulations at different life history stages {Harper 1977,
Hutchings 1986). It should be eniphasized that calculations of population
persistence are most tenuous for long-lived perennials because of excessive
extrapolation begond’the limits of the data. Persistence will only be used,
therefore, as a rough guess a! the time required for a population to go extinct in

-the absence of recruitment.

Results and Discussion

Changes in the total Swallenia population ( O , Figure 3) were largely the
resutt of mortality experienced by the fall 1984 cohort of germinules, seedlings
and juveniles (m). Field observations indicated that the most co.mmon cause of‘
ﬂeath was uprooting and mechanical damage associated with the windstorms of
March and April 1985. Sand abrasion did not appeér to be a major factor because
seedling tissues remained intact and unscarred after death. This may be .due to the
unusual degre.e of anatomical sclerification noted by Pavlik (1979a). After nearly
two years, 24 percent of the 1984 cohort had survived and grown into

hﬁmmock-forming juveniles. During this time the cohort was dominated by



seedlings (S) in the late winter of 1984-85, juveniles (J) for the next 400 days

and finally hummock-forming juveniles ((J)) 600 days after establishment of the
| study plot.  One mature hummock was judged as entering the senescent stage and
four hummocks died so that 92 percent of the mature and senescent plants ( 4 )
were still alive at the end of the study. The tota} population was more thah twice
its original size two years after the fall germination event.

Oenathera produced cohorts of seedlings in both years of the study (Figure 4).
Oniy 4% of the winter 1984-85 cohort survived until the next yeer (thus, the
truely perenniai population was very small). There was no obvious cause of
mortality in the cohort except that germinules and seedlings were susceptible to

burial by moving sand. The clumped nature of young plants (usuaily localized

oround dead adults from the previous year) may heve  contributed to

density-dependent mortality factors, but data are lacking. Despite high mortality,
nearly 75 percent of the cohort had produced large amounts of seed during 1985
(see Pavlik and Barbour 1985). Under laboratory conditions it has been observed
that Uenothera can flower 3 months after germination (Pavhk 1979b), thus
cenfirming the precocious nature of this taxon. The winter 1985-86 cohort had
higher survivorship (41 percent) a lower per’centage of reproductive individuals
(48) and was comprised of smaller mature plants (mean canopy volume (Ve) =12
dm>) then the 1984-85 cohort (mean Ve = 60 dm3).

The establishment/survivorship pattern observed for Astragalus (Figure 5) was

similar to that of Oenothers except that none of the winter 84-85 cohort survived

10

or reproduced. This population crash occurred 145 days after plot establishment

and probably resulted from severe wind storms in March and April and the onset of
high temperatures during May. Seedling survivorship was much higher in 1986
(54%8) but none of these had reproduced within the. year. Like Swallenia,
survivorship of mature Astragalus plénts was high (69 percent) thereby making a

large population of perennial individuals. If even half of the 1986 cohort survived
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another year (likely in that they already survived the first summer), then the
established Astragatus population would more than double in size.

| Survivorship data are re-interpreted in Figure 6 es the mean mortality (1985
and 1986) experienced by each life history stage. Mortality was generally low
(< 25 percent) and constant for Swallenia, although data from the germinule stage
are lacking. This stage was still.present in February 1985 but only represented by
a total of 12 individuals. In contrast, mortality was high (25-80 percent) and
increésing with age for Oenothera. High mortality in the mature and senescent
stages lead to a small carry-over of established individuals from year to year
'(although this does not preciude perennation. by rootstocks or- branchling
formation, see below). Astragalus germinules were produced in enough numbers
to allow calculation of mortality at that stage. Mortality wes extremely veriable
(15-95 percent) and perhaps declined with age for the locoweed.

Half-lives for recruits, established (adult) plants and the total population
were derived from survivorship data (Taﬁle 2). The values for Oenothera and
Astragalus were similar and about helf those of Swallenia. Swallenia heif-lives
compare favorably with those of non-endangered perennial grasses from arid
environments (0.5-4.5 years, Table 3). Those of QOengthera and Astragalus,
however,- are on th,e low end of the spectrum for non-endangered herbaceous
perennigls (0.5- 50 yeers, Table 3). Extrapolating until the time of populstion
extinction (potentially erroneous but nevertheless valuable for comparative
purposes), established Swallenia populations"m]‘ght persist for as long as 88 years
in the absence of recruitment 'whilep_gw and Astragalus might persist from
3to 1_6 years. Indeed, individual Swallenia hummnc_ks have been directly observed
for as long as 12 years with little indication of seﬁescence (M.A. Henry, personal
communication} whereas Oenothera and Astragalus individuals have only been

directly observed for 6 years prior to death (personal f ield notes).
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Table 2. Helf-lives end persistence (both given in years) of the endemic
populations at Eureka Dunes. The totel population has been subdivided into life
history stages for further analysis. See text for explanation of symbols.

Established
(@+M+5t)

Total popula'tion
(G+S+J+ Q)+ M+5t)

Recruit
(6+S5+J)
1/2LF P
Swallenia 05 6.4
Oenothera 0.3 2.4

Astragalus 0.3 24

1/2 LF P
0.8 92
0.4 3.2
0.4 9.5

. * =jnsufficient ;Iata {too few establishedindividuals)

The contribution of branchling formation to the population dynamics of

Oenothera is shown in Figure 7. Branchlings were formed in the late spring and

early summer of 1985 and 1986 and increased the size of the total populatioh by

an average of B2% at those times. The effect of branchlings on the total

population half-life was small (0.45 years vs. 0.4 years, Table 2) owing to the late

timing of their production. The effect on persistence of the total population,

however, was much more substantial and resulted in an increase of nearly a year

(4.1 vs 3.2 years, Table 2).
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Table 3. Holf-lives (given in years) of non-endengered plants that mag be
comparabie to the Eureka Dune endemics.

~ Arid-land perennial grasses

Stipa variabilus 05 (Williams 1970)
Bouteloua filiformis 08 (Canfield 1957)
Enteropogon acicularis 45 . (Williams 1970)

Mesic-meadow herbaceous perennials

Polygonum viviparum - 05 (Linkola 1935)
Geum rivaele 2.0 i "
Filipendula vulgeris 18.4 (Tamm 1956)
Sanicula europaea - »50.0 " -

Conclusions end Management Recommendations

1) From the standpumt of population dynamics, Denothera appears to be the
most endangered of the three Eureka Dune endemics. Recruits and adults
experience the highest mortality rates end have very short helf-lives when
compared to Astragalus and Swallenia or to other non-endangered
herbaceous perénnials. In the absenceﬂ of evidence for other compensating
demographic factors, the observation of high mortality rates and short
half-lives would mandate intensive efforts to enhance the :primrnse
population by increasing survivorship and reproductive output. It is clear,
however, that there are compensating factors that enable Cenothera

populations to persist despite an apparently high turnover of individuals.



These factors include; 1) the ability to produce branchlings (by vegetative
segmentation) that spread the risk of genet mortality between potentially
numerous ramets (thus increasing survivorship and population half-life), 2)

precocious and copious seed production (Pavlik and Barbour 1985, Appendix

A this volume), 3) low post-dispersal seed mortality due to predators '

(Chapter 2 this volume), and 4) long-lived seeds (Chapter 2 this volume).
Species populations like those of anoihera are in a continual state of
fluctuation but are capéble of replenishment by vegetative segmentation,
seed preduction and maintaining seed bank “assets™. For such dynamic
populations we simply cannot document growth or stability over a two year
period. [t can be said, however, that the present studies of Oenothera did
not reveal any intrinsic obstacles te population replenishment and
subsequent growth or stability. Intensive management and efforts to
~ enhance the Oenothera populatibn by experimental manipulation, therefore,
~seem unwerranted at present. This conclusion assumes that extrinisic
endangerment factors will remain under strict control. Of primary concern
here' are the status of Denothera pollinators (Pavlik and Barbour 1'985), the
watershed management practices offecting dune hydrology (Pavlik and
Barbour 1985) and humen disturbance (Pavlik 1979b). The latter two can by
minimized by regionai planning, management and enforcement, but adequate
protection from human disturbance must be maintained if populations of

Oenothera avita ssp. gurekensis are to bé regarded as secure. Occasional

monitoring in the future is necessary in order to verify these conclusions

. and the techniques upon which they are based.

2) The characteristics of the Astragalus population are somewhat similar

to those of the Qenathera population. Mortality can be high, especially in

the younger life history stages, and the population is relatively short-lived

14



when compared to non-endangered taxa. But again, there appear to be
compensating demographic factors.  Astragalus individuals produce large
numbers of seeds and cen do so in successive years. These seeds are
long-lived and can disperse in order to minimize post-dispaersal predation

(Pavlik and Barbour 1985). Germination is in response to late fall or winter

precipitation, an event that can occur quite often in the northern Mojave

desert. During this study, germination was observed in both years and the
“population of established plants doubled as the result of the 1985
germination event. Once established (jdvenile stage and beyond), individuals

may live for three to sixteen yeers (4-6 years has been directly observed) -

ang flower nearly every year. Therefore, we conclude that because the
Astregelus population grew during the study and because no intrinsic
obstacles to population growth were observed, intensive mangement of the
population is not warrented if human disturbance continues to be minimized.

It should be noted, however, that of the three Eureka endemics, Astragalus
is geographically the most restricted. Although populations have recently

been observed at the Saline Spur locality {Mark Bagley, Bishop, CA, personal
communication 1986), none occur at the Marble Canyon dunes where
-populations of Swallenja and QOenothera ere large {personal cbservation
19835). This makes protection of the Eureka and Saline Spur populations even

more critical for the preservation of Astragalus.

3) Swallenia experiences the lowest mortality and has the langest
hatf-life of all three endemics. Its half-life compares favorably w_ith other
non-endangered perennial grasses from arid habitats. The esiablished
population doubled during this study as the result of the 1984 germination
evenl. This result, in and of itself, suggests that the Eureka Dune

populations of Swallenia are capable of growth if protected from human

19
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disturbance. Despite rather low seed production per individual (Pavlik and

Barbour 1989, Appendix A this volume), moderate rates of past-dispersal
- seed predation (Chapter 2 this volume) and rather infrequent germination
and establishment (Chapter 3 this volume), mature ihdividuals are
Iong-li_ved and can apparently sel seed every year. Those seeds escaping
predation can also be long-lived and form part of a "quiescent” seed bank

(Chapter 2 this volume). Therefore, the Swallenia population is growing

and appears capable of meintaining itself in the future. -Additional

monitoring is necessary to verify these conclusions and the techniques upon
which they are based.

16
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‘Figure 1. Location 'of the demographic study plots for Swallenia,

Cenothera and Astragalus at Eureka Dune, 1985-86.
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Figure 2. Configuration of the demographic study plots.
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Survivorship and depletion curves for Swallenia,
1985-86. Total population (Q ), the summer 1985
.cohort of seedlings (S), juveniles (J) and hummock-
forming juveniles (@) is shown (B), as is the
established population of mature (M) and senescent
(St) individuals (& ). Letters indicate the predom-
inate life history stage for each curve at the

time of sampling.
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Figure 4. Survivorship and depletion curves for Oenotheré,
1985-86, Symbols as in Figure 3. .
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Chapter 2:

Seed Bank Dynamics
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introduction

Demographic studies of plants cannot ignore the fates of seeds because the
highest rates of mortality often occur during this stage of the life cycle {Sharitiz
and McCormick 1972, Leverich and Levin 1879). Life table analyses that do not

include estimates of mortality in the seed stage will, therefore, greatly

overestimate the net reproductive rate (RD) of individuals and lead to erroneous

conclusions 'about the stabilitg of the population. For example, if Ry is calculated

for Qenothera avita ssp. eurekensis using mortality and seed production data for
the post-germination part of the life cycle during 1985, each individual could
replace itself with 12,914 other plants! This rate of population growth would
soon cover all of the available dune habitét with a thick sward of prirﬁroses.
Despite the obvious importance of the seed stage in life table analyses, it is
- often difficult to obtain the relevant data . This is because of the poteritiallg
long period of time that seeds can exist in 8 cryptic, soil-borne state. A truely
demographic analysis (one that follows the fates of individuals) is too laborious,
time consuming, and uncertain to be of any practical significance in rare plant
research. Instead, we may have to infer the relative importance of seed mortality
factt\rs from a series of parallel studies that examine each of several possible
fates.  One such series is suggested in ﬁ‘gure 8 and was adopted from the
discussion presented by Harper (1977).  After dispersal, ﬁropagules become
incorporated into the soil seed bank where they can remain quieécent for
relatively long periods of time. If favorable conditions for germination are
1nfrequént, the seeds from several successive years cen accumulate and enlarge

the seed bank considerably more than a single year's seed rain. Predation, decay
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and (in habitats such as unstabilized sand dunes) secondary dispersal can deplete
‘the viable seed bank within a stand (Harper 1977). Germination can also deplete
the seed bank, especially if establishment of the seedlings (and subsequent
reproduction) does not occur. The purpose of this study is to examine the seed
bank dynamics of Swallenia alexandree, Oenothera avita ssp. eurekensis and
Astragalus lentiginosys var. M and to try and explain those dgnanﬁcs by
examining seed iongevity, predation, germination and secondery dispersa)

(including burial and movement out of the seed bank).

Methods and Materials

Seed bank dgnamics'. In March, May and October of 1986, estimates of the seed
bank within survivorship plots of Swallenia, Oenothera and Astragalus were made

by pressing 1 liter'plastic containers a maximum of 15 cm into the dune and
trapping the sand in the container with a plastic lid. These containers sampled
0.178 m2 of dune surface near and between mature plants. Their placement was
. rendom but-spread throughout 100 m? of each plot. Owing to the patchy vegetation
cover found in the Swallenia stand, S0 of these samples were required, whereas 8

were used for Oenothera and Astragalus stands on each date. Seeds of Swallenia

and Astragalus couid be separated from the 'sand with medium-coarse soil sieves.
De.nothera samples, however; fequired sieving with fine-mesh screens and
immersion of the throughfall (very fine sand + seeds) in tubs Eontaining 8
saturated salt (NaCl) solution. The small seeds floated on the sait solution more
than 902 of the time as determined by spiking studies. After separation from the
sand, seed quality was subjectively assessed from general appearance (size,

shape, surface features and color) when compared to new seeds. High quality
seeds were presumed to be fully viable while low quality seeds probably had
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impaired germination. The sizes of the total seed bank (high + low quality) and
viable seed bank (high qualily only) were calculated by dividing the appropriste
number of seeds found in al) samples by the totel area of dune surface ssmpied by

the plastic containers.

ceed longevity, Seed lnngevitg_iwas tested by germinating seeds from the 1978
| and 1985 crops. These had been stored dry and al room temperature in seaied
plastic zip-lock bags. They were germinsted in the dark . under optima)
temperature and moisture conditions according to the results of Pavlik (1979a).
Three replicate petri dishes of 50.seeds each were used for Swallenia end
Oenothera and 25 scarified seeds for Astragalus. Esch dish contained a thin léger
of send covered by a filter paper disk to hold moisture. The closed dishes were
placed. in a temperature-controlled dark room and checked daily for 20 days.
. Germinated seeds (those with protruding redicies) were tallied and imm_ediately
removed. Tetrazolium tests were run on all ungerminated seeds at the end of the
trials to determine if they were viable and dorment or simply dead.

Lohgevitg may also be decréased if seeds are exposed to high temperatures,
such as those found near the dune surface (Paviik 1979a), or if sand depositian
: brings seeds in'c'ontact-with warm, subsurface dune moisture. In 'order to test the
effects of heat end moisture on seeds of Swallenia, Qenothera and Astregelus, 3
'replicate dishes of 1985 seeds were treated with heat (58 C) or moisture + hest
(58 C) for 10 days. These dishes were then placed under the same oplimal
temperature and moisture conditions as untreated control seeds and monitored for

20 days. This experiment sought to determine if; 1) seeds on the hot sand surface

could loose viability during'the summer and 2) buried seeds, in contact with

moisture stored in the warm dune sand were capable of germination.
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Predation. On two nights in October 1986, seed and fruit selection experiments
were run et Eureka Dunes by placing 10 naked Swallenia seeds, 10 Swallenia seeds
in their florai bracts, 10 Oenothera seeds, 1 ripe Qenothera capsule {containing

numerous seeds), 10 Astragalus seeds and 10 Astragalus pods(with seeds) in 8

shallow glass or plastic dish. A total of 27 dishes were sunken below the sand
surfece (9 in each species plot). Some were placed next to the canopies of
established plants and others either 1 or 3 m away. Seeds could not be easily

blown from the dishes (the two nights were perfectly still anyway) and footprints
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in the surrounding sand revealed if seeds were missing due to nocturnal,

mammalian predators. Foraging anis, however, could not escape from the dishes
once they had fallen in. This allowed some assessment of ant vs. mamma} seed
predation.  Also on each night 40 live mammal traps (Sherman type) were
scattered around the plois angd 6aited with balls of peanut butter and catmeal. The
tr_aps were checked early the next morning for captured foragers. Attempts to

quantify seed predation were made on other nights but these were not successful.

No predation was detected on nights with full or partial moons or if the dishes .

were put oul after 0200 hours.
Germination in the field. Survivorship plots were monitored during 1986 and the
presence of germinules recorded as part of the demographic monitoring program

(Chapter I this volume).

secondary dispersal. No attempl was made to guantify the vertical or horizontal

migration of buried seeds. Instead, observations were made regarding the amount
of sand deposited of removed from the survivorship plots during the study. If
large amounts of either occurred, it was inferred that deposition had the potentiai
to bury seeds deeper in the dune and deflation had the potential to uncover and

disperse seeds.



- Results and Discussion

Seed bapk dynamics. The densities of Swallenia and Astragalus seeds in the seeﬁ
bank corresponded with the magnitude and timing of seed rain during 1986 {Figure
9 and Appendix A this volume). The differences between the total and viable seed
banks were very small for these taxe and probably not signiffcant_. Increases in
total and viable seed density were on the order of 8 to 35 fold as seed output and
dispersal peaked during the April-May period. In gehera], the renges for Swallenia
(2 to 24 seeds/m?) and Astragalus { 7 to 200 seeds/mz) were extremely low when
compared to the seed banks from other community types. Undisturbed netive
prairie, dominated by perennial grasses, has a range of 300-800 seeds/m2 and up
to 20,000 seeds/m?2 (fnostlg Snporobolus) if disturbed (Lippert and Hopkins 1950).
Other arid or semi-arid grassiands have a range of 4,000 to 15,000 seeds/m2
(Budd et al. 1954, Major and Pyott 1966). The small seed banks of Swallenia and
Astragalus undoubtedly result from the low populations densities on the dune as

8 whole and, in the case of Swallenia, low seed production per plant {Pavlik and

Barbour 1985, Appendix A this volume). At Eureka Dunes the modest spring
increases in Swallenia and Astragalus seed banks reflect the modest seed rain
" produced by these populations.

The seed bank of Oengthers, however, did not peak during the period of
maximum seed production, but declined from March to May (Figure 9b). Differences
betweén the total and viable seed bank appear large as judged from the appearance
of the seeds. There are at least two factors contributing to this pattern; 1) the
large 1985 and small 1986 seed rains (i.e. the dune sand contained a large number
of 1985 seeds and was not significantly enrichéd during 1986, Appendix A {his
volume) and 2} dispersal of the extremely mobile seeds during spring wind storms.
Regarding the latter, Pavlik and Barbour (1.985) compared the small, lightiveight
Benothera seeds to those of Swallenia and Astragalus and found they were the



fastest dispersers at any wind velocity (and, therefore, most likely to leave the
‘habitat). This dispersai ability allows QOenothera to maintain the largest
geographic range of all three dune endemics. Dispersal of 1985 seeds ﬁay have
contribuied to the mndest seed density increases of Swallenia and Asiragalus, but
to a lesser degree. This is because the discrepancy between 1986 seed rain and
seed densily in the bank was not Qreat for these taxa.

All three endemics had much smaller seed banks in October. In unstable sand
dune habitats there are four pessible fates of these seeds; 1) aging, death and
decay, 2) predatiuh, 3) germination, and 4) secondary dispersal either by burial
(i.e.I vertical migration) or by deflation (horizontal migration) ‘as substrete is
moved by high wind.

Seed longevity, Table 4 shows that seeds of all three taxa remained viable and
'germinated after 8 years when stored under laboratory conditions. Although the
aging of Swallenia seeds did not affect viability, it did decrease the germination
response to & greater degree than in the other taxa (Figures 10~12). Presumably
these seeds, if properly induced, could germinate in years that were temporally
distant from the yeer of production and dispersal. It seems unlikely, therefore,
that seeds in 5_@_ would age, die and decay after five months and contribute to the
observed decline in seed density over the summer.

Seeds of all three species remained viable and could germinate after being

exposed to a temperature representative of the dune surface during the summer

(Figure's 13-15). The heat treatment reduced final germination by less than 15% in
the three taxh, although treated seeds did respond more slowly to favorable
conditions then did the controis. The addition of moisture to the heat treatment,
however, resulted in a complete loss of germination and viability (the seeds were

attacked by fungi after being placed under optimal conditions).. Therefore, buried
seeds exposed to moist layers in the sand during the late summer and fall are
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likely to die and not form 8 pari of the buried seed bank. Buried seeds that do not

come-in contact with moisture might be iess subject to predation, however.

Predation. Predation, however, must significantly contribute to decreasing the

seed reserves of Swallenia and Astragalus. Over a single night period, 14 percent

of al} naked Swallenia seeds and 9 percent of all naked Asiragalus seeds were
collected (principly by the kangeroo rat Dipodomys, as judged from tracks end
Peromyscus maniculatus as judged by a single trapped individual). These results
confi-rm eartier observations of seed predaticn by nocturnal mammals (Pavlik and
Barbour 1985). Swallenia disseminules were taken to a lesser extent (6 percent
of those caryopses that had attached flors) bracts), but those of Astragalus were

Table 4. Laboratory germination and viability of Swallenia, Oenothera and
Astragalus seeds from the 1978 and 1985 crops. Viability determined with
tetrazolium tests. Differences between 1978 and 1985 germination are
significant (ANDVA, P<0.01) for Swallenia and Oenothera.

1978 ‘ 1985
germination viability germination viability
(%) (%) (%) (%)
Swellenia 50+ 50 100 §12 + S4 100
Oenothera 408 +

15.0 60 ., 149 + 29 80

Asiragalus 76.6 £+ 15.0 60 - 1000 + 00 100
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In three dishes there were severai ants observed (and photographed) carrying
‘Swallenja seeds, suggesting that if they could leave the dish they would take the
seeds with them. Indeed, ants liberated from the dishes carried the Swallenia
seeds to their burrows, confirming earlier observations (Pavlik and Barbour 1985).
Of all seeds and disseminules removed, those of SwaHem‘é were more likely to be
selected by rodents and ants (Table S). There was no evidence that Qenothers
seeds or fruits experienced any predation by nocturnal rodents or ants.

Seed predation rates of 10-15% per night give an estimated half-life of
between 4 and 7 days if all seeds are assumed to be eaten. In contrast, recruits
and esteblished plants have half-lives measured in months or years. This suggests
that at Eureka Dunes, the seeds do experience high mortality when in the seed
bank. It is unlikely, however, that these mortality rates are sustained for long
periods of time because of 1) dispersal and the patchy distribution of
disseminules in vivo, 2) seasonal variability in predator activity (including the
lunar cycle), and 3i secondary dispersal of seeds to deeper soil horizons {see
below). It is also unknown if, in the absence of the larger Swallenia and
Mggl_ﬁ__g seeds, rodents and ants would begin to harvest the smaller Qenothers

seeds or any seeds still contained in the fruit or floral bracts.

‘Germination, Germinule emergence was not observed during the May to October
period and so it seems unlikely that seed bank decline was the result of aseasonal
germination. The possibi]ity of subsurface germination and death is remote owing
to the fact that 1) the upper 15 cm of dune sand was dry and signifirfant rain did

not occur over the summer and early fall, 2) dead germinules were never found in
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Table 5. Relative seed and fruit predation by rodents and ants at Eureka Dunes,
October 1986. Mean values from nine dishes per taxon. Differences in seed
predation between species are statistically significant (ANOVA, P<0.025).

seeds removed  disseminules removed
(%). (3)
Swallenia! 740 + 130 100.0 + 0.0 (+ bracts)
Oenothera 00 + 00 0.0 + 0.0 (capsules)
Astragalus - 26.0 + 13.0 0.0 + 0.0 (legumes)-

! seed - caryepsis

seed bank samples and 3) summer sand temperatures (35-60 C) have been shown
to inhibit gei’mination of the three taxa completely, even if supplied with ample
moisture (Pavlik 1979a).

Secondarg_cﬁ_sp_g_&g_L Observations made in all three survivorship plots indicated
-that less than 10 cm (moétlg less than 4 cm) of sand accumulated over the
summer. In this case the seed bank samples would not have be'en greatlg affected
by the depo.sition of small amounts of seedless substrate (the most biasing case).
Sand accumulation can vary greatly with position on the dune and time of the year
(Paviik 1979a) and it is entirely possible that many seleds become buried for long
periods of time. If the seeds remain dry and relativelg cool they could remain
vieble. if, however, they come in contact with moist, warm tayers of sand, theg
might germinate too. deeply and die or simply loose viablity as previo,uslg

discussed. The size and dynamics of this "quiescent” seed bank remain unknown.



The last possible fate of seeds in the dune seed bank is horizontal migration
‘resulting from sand deflation. Tm's cannot be excluded for any of the taxe since
all three are cepable dispersers (Pévlik and Barbour 1985). It should be noted that
very little, if any sand deflation occurred during the summer tg fall period, in
marked contrast to the spring. Nevertheless, the possibility of secondary
horizonta} dispersel cannot be ignored. Dispersal, along with predation both
contribute to the summer-fall dectine of Swallenia and Astragalus seed banks but
only dispersal affects the Oenothera seed bank. It could be argued that since seeds
might be transpdrted in as well as out of 1he seed bank by substrate movement,
only p'redation is si’gnifican't. This argument is extreme and does not recognize the
- very patchy and sparse cover by endemics on the dune and the great volume of
lifeless, shifting sand.

Conclusions and Hénagement Recommendations

1) The seed bénks of Swallenia, Oenothera and Astragalus at Eureka

Dune are"'small when compared to other plent communities. This
reflects the low population densities of these taxa on the dune as a
whoie and, in the case of Swallenia, “low seed output per individual
plant. Within the upper 15 cm of sand, the seed bank showed
considerable seasonal variability, with the lowest seed densities
occurring in early spring and fall.. It is not possible to cohclude that
a large buffer of germinable seeds occurs at Eureka Dunes, especially
since the shaliow seed bank is depleted during the summer and fall
when pre‘cipitation .c,ritical for germination and establishment is
likely to occur. Every year of seed output, therefore, may be
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essential for positioning new propagules within the shallow seed
bank as if to "hopefully anticipate” the unpredictable summer and fall

rains.

2) Seed predation and secondery dispersal are the faciors most
responsibie for the observed patterns of seasuha] variation in the
seed banks. Swallenia and Astragalus seeds are actively gathered by
rodents and ants, with 9-14% of the naked seeds gathered per nighg.

If all the seeds are assumed to have been eaten, mortality would be

exiremely high when compared to other phases of the life cycle. High
seed mortality rates~ are probably not sustained throughout the year,
however. This may be due in part to secondary dispersal, which can
move seeds into habitats not frequented by predators. (horizontal
migration) or result in buriel end “escape” (vertical migration). Seeds
which move into deeper leyers of'the soil mey be less obvious to
predators, but they may also die 63 the result of coming into contact
with high soil temperatures and moisture or by germihating too
deeply for emergence to eccur {not directly observed in this study).
The available data indicate that predation and secondary dispersal

depletes the seed banks of Swallenia and Astragalus but only the

latter affects Oenothera. -

3) 1t is possible that a large, quiescent seed bank exists for all three
taxa at e depth greater than 15 cm below the dune surface. Buried
seeds, if they do not contact moisture, will éxperience a moderated
soil temperature environment and remain viable for over 8 years.

When unearthed by deflation, these seeds may become positioned for

germination and successful establishment. The importance of this _

36



t

deep seed bank to the demography of the endemics is unknown.

4) Wi;h respect to the overall life history of these taxa, the death of
non-emergent germinules and seedlings may be a significant source
of mortality end the principle constraint on net reproductive rate.
Thié conclusion is reached 'bg process of elimination: If, for example,
eacﬁ emergent Oenothera plant could replace itself with 12,914 seeds
(as stated in the introduction), those seeds must experience a

considerable rate of mortality (given our observations of little

change in the size of the population). Seed bank studies have shown

that mortality from predation, summer germination and short seed
life are negliglible. Death during fall or winter germination
(particularly for deeply buried seeds) must, therefore, account for
the fates of many of the 12,914 seeds, but this has not been directly

observed or tested.

t

5) There are no obvious or convenient manipulations of the seed bank

possible that could significantly enhance lhese populations. This is F‘

because there are no known manipulations that can enhance seed rain

(specifically seed output per plant, (Pavlik and Barbour 1585)) or

contro) seed predation by rodents and ants. Therefore, the natural

integrity of these seed banks must be meintained by preventing
widespread disturbance of the dune surface and the uppermost l:ayers
of sand. This disturbance can be the result of foot or vehicle traffic,
but mostiy the latter. Additional consequences of these activities at
Eureka Dunes are discussed in Pavlik (1979a, 1975h).

Y

37



primary dispersal

>» seed bank

AN

secondary dispersal  gemmination seedaging/decay  predation

death

Figure 8. The post-production fates of seeds. Not sl of the possible
pathways are shown. Modified from Harper (1977).
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Chapter 3:

Frequency of Establishment
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Introduction

Desert ecosystems are controlled by the 6m0imt and temporal pattern of
precipitation (Shreve 1942, Noy-Meir 1973). Beatley (1974) concluded that mass
germination and establishment of Mojave Desert annuals depends upon the
occurrence of at least 25 mm of rain during the September to December period.
Sudden, unusually strong storms that drop large amounts of precipitation may also
be of importance as trigger factors in the episodic germinetion of perennial
species (Barbour 1968). Went and Westergaard {1949) noted that after a vigorous

October rain in Death Valley, thousands of Larrea seedlings were observed where

there had been none for years. Sporadic precipitation has also been linked to the

establishment of Carnegja gigantea and Fergcactus acanthoides (Brum 1973,

Jordan and Nobel 1981). These kinds of climatic events could also control
germination and recruitment of rare plants and, therefore, would be of concern in a
demographic study of an endangered species.

Whereas germination of Denothera and Astragalus can occur in nearly every year
to some e'xtent_ (see Chapter 1), - Swallenia germination appears to be very
sporadic. Successful Swallenia establishment may be even rarer than germination.
Analyses of survivorship curves has shawn that in the absence of successful
establishment the population would go extinct in as little as 16 years or as much
as 88 géars (Table 2, page 12). A population must, therefu're,: experience
successful germination and recruitment at least once within a span of 16 to 68
years. The purpose of this study is to determine i) if Swallenia germination is
linked to a particular kind of climate event (e.g. unusual amounts of precipitation)

and 2) the long-term frequency of that climatic event.
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Methods and Materials

Estimates of live germinule/seedling density of Swallenia were availabie for
the years .between 1974 and 1986 (Henry ‘19?6, Pavlik 1978b). These
measurements were obtained by different methods et different sites along the
northwest slope of the ‘main dune and may not, therefare, be strictly comparable in
terms of absolute megnitude. Henry (1976) used seven pérmenent trensects
spaced 18 meters apart to obtain the 1974-75 estimates. Four of these transects
~were 3.6 X 300 m and three were 3.6 X 200 m, running from the Psorothamnus zone
on the lower edge of the dune to the upper edge of the Swallenia 2one on the north
side of the main dune. Pavlik (unpublished data) used four 10.X 10 m quadrats in
the Swallenia zone to monitor seedlings on the northwest flank of the main dune
during the years between 1976 and 1984. This same area was intensively

sampled during 1985-86 using the demographic study plot described in Chapter
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One of this report. For the most part they represent the seedling density during -

the lete fall/winter/early spring period after summer and fali precipitation would
have eccurred. Swallenia germination has never been observed in the spring or
early summer (Henry 1976, 1979, Pavlik 1979a). It is also unlikely that
germination takes place during the late fall-winter period when vegetative plants
are dormant. ' |

In order to determine if yearly variations in Swallenia seedling density are
.co'rrelated with precipitation events in et'a'stern California, four U.S. Weather
Bureau stations were chosen for anaiyses of their Climatic reﬁords (NDAA
1974-1984). The stations (Bishop WSO AP, Death Valley, Deep Springs and
Independence) circle Eureka Valley (Figure 16) with an average radius of 60 km (36
miles) end occur at comparable elevations ( -59 t0o1593 m, the dune being at 930

m).



Actual monthly precipitation (M) end the dep'arture from normal monthly
| precipitation (N+, based on 26 to 90+ years of record depending on the station)
| were obtained for the months of July, August, September, October, Nbvember and
December of the years 1974 to 1984. Total annual precipitation (A) was also
noted for each year. A regional value of monthly precipitation (Mr) for each month
of each year (e.g. July 1974, July 1975; October 1978) was obtained by averaging
the monthly precipitation of the climate stations for that month. A regional value
for the positive (+) departure of that month's precipitation from the norm (Nr+)

was also obtained in this manner. These regional velues are assumed to represent
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the monthly precipitation or + departure of that month’'s precipitetion 'for the -

vicinitg of Eureka Dunes. The latter would tend to emphasizé unusual precipitation
events in subsequent correlation analyses.

An initial search for correlations between A, Mr or Nr+ and Swallenia seedling
density was performed by calculating Kendall's rank correlation coefficient (c).
This nonparametric test was used to identify potential correlations without the
assumption of linearity (Sokal and Rohlf 1973). A P<0.05 leve! of significance
was adopted, but correlations with a P<0.10 level were also noted. Once
correlated parameters (e.g. Swallenia seedling density and July Nr+) were
identified, Tinear correlation coefficients were calculated in order to reveal the
presence of robust relationships. Owing to the small data éet available for
Swallenia density, it is possible that curvilinear relationships, rather than linear
relationships, may better describe certain éiimate-germination phenomena. This
poSsibilit'g remains untested bg the present study. | _

Long-term climate enalyses for the southeastern desert area in California were
obtained_ for-the years 1895 to 1984 by referring to the stlas compiled by Karl
(1985). These maps utilize monthly Palmer moisture anomely indices to plot, en a
lerge scale, the occurrence of six precipitation scalars (extreme wetness, severe

wetness, mild to moderate wetness, near normal, mild to moderate drought, severe



. drought and extreme drought) for each month in the record perilod. Data for these

indices were derived from NOAA records for regional climatic units within the
| state. The unit which includes Eureka Valley is the southeast desert unit,
extending from the southern border of the stete to the northern Owens valley aand
from the Sierran/peninsular mountain chain to the eastern border of the state. If
Syallenia seedlings can be linked to certain precipitation events, then it should be
possibie to estimate the frequency of those events over the 90 year period using

the Palmer indices.

Results and Discussion

During the 1974 to 1984 period, several years had strong germination events
occurrmg in two temporal “clusters™ (Figure 17). The first cluster was composed
of the years 1974, 75 and 76 (5-15 seedhngs!ioo m2) while the second cluster
was composed only of 1984 (52/100 mz). Very few séedlings (< 17100 m?) were
oﬁservéd in 1977, 78 and 79 and none between 1980 and 1984 or in 85-86. These
data indicate that mass germination (and perhaps establishment) may occur once
every 8-10 years. - | .

The results of nonparametric tests for correlations between Swallenia seedlihg
density and total monthly precipitation are shown in Table 6. Significantly
correlated with seedling density were the régional monthly precipitation (Mr) for
the solitary summer months of July and August and the Mr values for the following
combinétions of months; 1) mid-summer through mid-fal (Jul+Aug, Jul+Aug+Sep,
Jul+Aug+Sep+Oct) and 2) lale summer through mid-fall (Aug+Sep+Oct). Note that
removing July Mr f.rom the precipitation veriable .reduces the significance of
correlations between seedling density and late summer/‘ fall precipitation and

removing August eliminotes oll significant correlations related to fell/early
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winter precipitation only (September to December). No correlations were found
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between seedling density and totat annual precipitation (¢ = -.139, P = ns).

Precipitation must oct:ur, therefore, during the months of July or August in order
to affect significant Swallenia germination.

Similar patterns were obtained when only the + departure of monthly
precipitation from the norm was considered for the region (Wr+). If unusual
amounts of .precibitation occurred in either July or August, the response of
germination was significantly correlated with the magnitude of the departure
(Tabie 6). This was also true for the following combinations of mid-summer to
early winter months; Jul+Aug+Sep, Jul+Aug+Sep+0ct, Jul+Aug+Sep+Oct+Nov, and
Jul+Aug+Sep+0ct+Sep+0ct+Nov+Dec. Note that if July and August departures are
eliminated, the significdnce of fall precipitation becomes nil. No correlstion was
found between Swalleﬁia seedling density and the departure of the total annuat
precipitation from normal (-; = -.258, P = n.s.). These results indicate that unusual
amounts of precipitation during July and August lead to mass germination of
Swallenia.

Tests for linear correlation (Table 7) indicate that its is the monthty departure
from normal (Nr+) during July that controls Swallenia germination rather than the
August depér@ure or manthly total during July and August. Significant correlations
were also observed for all combinations of mid-summer to early winter months
(July to December). If the'.Jng departure was removed from the combination, no
correlation wa's found for any sum of léte summer, fall and early winter
precipitation (August to Decerﬁber). These results strongly suggest that summer

precipitation is the trigger for Swallenia germination and that the earlier the

better (July > August > early September). Perhaps the newly emerged Cy4

germinules perform best (i.e. have maximum CO, fixation rates) when exposed to

warm, late summer/early fall air temperatures {30-35 C) and are able, therefore,
to establish an adequate root system prior to late fall dormancy. Otherwise,



gei'minules emerging in the fail might not become anchored well enough to endure
winter and early spring wind storms {a major cause of mortality during this
period, Chapter 1). It is interesting to note, however, that optimal Swallenia
germination occurs at moderate temperaturés (25-30 C depending on
thermoperiod) rather than the wearm to hot summer temperatures of the upper
sand layers (Pavlik 1979a).

In generel, the two clusters of high Swallenia seedling density were correlated
with the occurrence of extremely wet conditions (EW, Palmer index > 4.0) during
the months of July, August or September. The péak density (15 seedlings/ 100 m2)
during the mid-seventies cluster was associated with EW conditions during
September 1976 and ‘the mid-eighties peak (52 /100 m2) with EW conditions
during July 1984 (Figure 1B). EW conditions during August of 1977 and 1983,
however, were not correlated with any significant germination events. This
suggests that seedling production may be limited by low seed production and/or
low seed density in the seed bank, as noted in Chapter 1 of this report.
Nevertheless, the frequency of summer EW conditions appears to be correlated
with the frequency of summer precipitation events in the Inyo desert region and
would represent, therefore,” the maximum potential frequency of Swailenia
germination. No, correlations were observed betlween Swallenia seedling density
and the occurrence of moderate wetness (MW, Palmer index 2 1.5) conditions during
the summer or fall months between 1974 and 1984. . Severe wetness conditions
(SW, Palmer index 2 3.0) did not occur durihg that time, so no conclusion can be
reached regarding their impar{ance to Swallenia germination. It is reasonable,
therefore, to examine the frequency of both EW and SW conditions keeping in mind
that the latter are less effective with respect to germination than the former.

The probébi]itg of a ‘significant (i.e. producing extreme or severe wetness
conditions) mid-summer/early fa!l precipitation event in the desert regions of

southeastern Californie is 0.17 as judged from records of the 1895-1984 period
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(Table 8). Extremely wet conditions for the months of July, August and September
| occurred 11 times within the 90 year period, an average of 8.2 yeers apart. Severe
“wetness occurred 4 times during the July to September months of this period.

These 15 events would not be squivocal wit_h respect to their effects on the
germination of Swallenia. The most important event, EW in July, appears to be
particularly rare. The July 1984 precipitation that produced a very high density of
gwal!enia seedlings (52/100 m?), contributed to EW conditions that occurred only
once in 90 years. Less effective EW conditions during August and September (as
judged by data in Tables 6 and 7) occurred 2 and 8 times during the same period,
respectively, and thus occurred 45 and 11! years apart on the average. SW
conditions only occurt;ed during July for some unknown reason, so that even though
less pr_ecipitati'on was received, it came when the potential effect was greatest.

In order-to summarize the probability of germination-inducing climatic events
within the context of their relative effectiveness, three classes of events were
constructed (Table 9). A primary (1%) climate event is defined as the occurrence of
EW conditions during the month of July and would be the most effective with
respect to stimulating Swallenia germination (Tables 6 and 7). This event occurs
only once every 90 years {P = 0.01), as it did in 1984. A secondary (11°) event is
the occurrence of SW conditions in July or EW conditions in August. 110 events
occur once every 15 years on the average (P = 0.07). A tertiary (i119) event is the
occurrence of SW conditions in August or EW conditions in September. 1119 events
occur once every 11 years (P = 0.12). Theréfnre, the probability of a particular
climatic event occurring is inversely related to its expected effeétiyeness with
respect to Swallenia germination. 119 and 111° events have a frequency that is just
within the population half-life of 16 years and well within the persistence period

of 88 years for Swallenia. These events do not result in the massive germination

923

event observed in 1984 but they might provide small numbers of new individuals .

to stock the population over short spans of time. 10 avents are quite rare but have
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a large impact on the structure of the population if mass germination is followed

by mass establishment.

Conclusions and Management Recommendations

1) Studies of the 1974-1984 period show that the- fall/winter -
density of Swallenia seedlings is correlated with the amount of
. precipitation above normal during the summer months of July and
August. Parametric and non-parametric analyses suggest that 1) the
greater the departure of the precipitation amount from the monthly
norm, the greater the response of germination and 2) precipitation is
most effective if it occurs earlier (e.g. July) rather than later (e.g.
September) in the summer season. It is tempting to speculate that
these characteristics of Swallenis ere indicative of its su‘b-tropical
ancestry - a throwback to the summer-wet Miocene. grasslands of

which the dune grass is undoubtedly a remnant.

'2) The climétic .conditions - that led to mass germination and
establishment of Swallenia seedlings in 1984-85 have occurred only
once in the last 90 years. This frequency coincides with the best
available estimate of the time uﬁti} bopulation extinction at Eureka
Dune (88 years, Table 2 bfl Chapter 1). Other, less effective, climatic
events must also supplg new individuals to the establisheq
population. These occur once every 11 or (5 years, the latter being '
more effective (rain during August) than the former (rain during
September) and both provide a small number of new individuals to

counteract the slow mortality of established hummocks (half-life of



16 years, Table 2). Each climatic event, regardless of its frequency,
may not result in germination and establishment, however.
Limitations on the effectivity are imposed by factors related to seed

production and the fates of seeds in the seed bank (Chapter 2).

3) These considerations lead to the conlclusiun that events
controlling the perpetuation of the Swallenia population occur
infrequently at best and rarely at worst. Of all the possible
demogr;aphic altributes that threaten the survival of this species (e.q.
low seed production, seed and seedling mortality, competition with
other dune plants), the time interval between successful
establishment may be the most important. It is also the one over
which we could 'exert the least control in the form of management or

manipulation. As a paleoendemic occupying an anomalous desert

habitat, Swallenia has persisted along an (arete of existence)for

hundreds of thousands and perhaps millions of years. . On one
precipitous side lies the possibility of extinction due to the passage
of decades with summer drought and, therefore, & lack of suitable
_ climatic conditions for estasblishment. On the other, equally

precipitous side is the possibility that Swallenia’s sand dune habitat

might be lost 1o eresion or stabilization as the frequency and |

intensity of summer rainfall (i.e. conditions for good germination)

increase during wetter intervals of a long-term climate cycle.

. Swallenia has persisted and thrived in the absence of human

disturbance despite the uncertainties associated with the dynamics
of erid-land ciimate. Demographic studies have found no significant

restriction on its ability to do so in the future.
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Table 6. Correlations between Swallenia seedling density and regional precipitation
~parameters (Mr and Nr+) during the 1974-84 period. ¢ is Kendall's rank coefficient
and P the level of significance (n.s. = not significant). n= 11 for al comparisuns.

Swallenia density vs. Mr Swallenia density vs. Nr+

Mr z P Nr+ t P
solitary months

Jul 92t <0.01 Jul 751 <001

Aug 590 <0.05 Aug 590 <0.05

Sep 404 n.s. Sep 348 n.s.

Oct 376 n.s. Oct . .289 n.s.

Nov 329 ns Nov 276 ns.

- Dec 303, ns. Dec 396 n.s.

mid-summer to early winter

J+A S75 <0.05 J+A - 484 <0.10

J+A+S 547 <0.05 J+A+S 542 <0.05

J+A+S5+0 537 <0.05 J+A+5+0 537 <0.05

J+A+5+0+N 378 n.s. J+A+S5+0+N 577 <0.05

JrA+S+0+N+D 418 €010 J+A+S5+0+N+D 37 <0.05
late summer to early winter .

A+S 466 . <0.10 A+S 461 <0.10

A+5+0 497 . <0.05 A+S5+0 437 <0.10

A+S+0+N 421 <0.10 A+S+O+N 338 ns.

A+5+0+N+D - .179 n.s. A+S+0+N+D 258 n.s.
early fall to early winter

S+0 381 n.s. - 540 .298 n.s.

S+0+N .298 . ns. S+0+N 341 n.s.

S+0+N+D 219 n.s. . S+0+N+D 378 n.s.
mid-fall to early winter

O+N .286 n.s. O+N 242 n.s.

0+N+D -.021 n.s. O+N+D 063 n.s.

late fall to early winter
N+D -.022 ns. . N+ 410 n.s.




Table 7. Linear corretations between Swallenia seedling density {y variable) and the
significantly correlated (P<0.03) precipitation events (X variable) as indicated in
‘Table 6. r is the correlation coefficient and df1/df2 = 1/9 for all comparisons of
total monthiy (Mr) or monthly + departure {Nr+) in the Eureka Valley region.

Swallenia density vs. Mr - Swallenia density vs. Nr+

Mr r P NI+ r P
solitary months .

Jul 552 n.s. Jul ' 959 <0.01

- Aug 291 n.s. Aug 295 n.s.

mid-summer to early winter |

J+A 578 n.s. J+i 858 <0.01

JHA+S 412 ns. JH4+5 796 <0.01

JrA+S+0 393 n.s. - JHA+S+D 763 <0.01

J+A+S+0+N ns. J+a+5+0+N 766 <0.01

J¥A+S+0+N+D 218 n.s. J+A+5+0+N+D 692 <0.05
late summer to early winter

A+S 293 n.s. A+S 2305 n.s.

A+5+0 270 n.s. A+5+0 261 . ns.

A+S+0+N 506 ns. - A+5+0+N &02 n.s.

A+S+0+N+D . n.s. A+S+0+N+D 247 n.s.




58

Table B. Years of occurrence and frequency ef extreme wetness (EW), severe wetness
“{SW) and moderate wetness (Mw) conditions during July, August and September in the
California desert region as determined by Palmer moisture anomaly indices for the
period 1895-1984. Data from Karl (1985a, b).

July

Ew SWw MW

84 38,44 11,13
68,69 14,15

16, 22

32,33

+ 36, 41

46, 52

67,79

80

EW

August

SW

MW

{ (ijulg) = 1/90 years (P=0.01)

45, B3

01,04
09, 13
31,35
41, 42
91,61
79

fEW 14 . aug) = 3/90 years (=0.0)

. f (EW JUIU + aug + Sep't) = 11/90 (P=0.12)

[(EW + SW juy + aug + sept) = 15/90 ¢=0.17)

f (Ewaug) = 2/90 years (p=0.02)

September
EW Sw My
04,12 96, 16
- 18,19 25,67
23,39 . 83
63, 76

f (EWggpt) = B/90 years (P=0.08)
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Table 9. Frequency of climatic conditions for the 1695-1984 period in the deserts of
California grouped according to relative effectiveness with respect to Swallenia
germination. Data from Table 8 apd Karl (1985a, b).

1% events 112 events 1110 events
EWjuly SWiuly * EWayg SWaug * EWgept
1/90 years (4 + 2)/90 years ' (0 + 8)/90 years

= 290 years apart = 13 years apart = 11 years apart
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Figure 16, Relation of U.S. Weather Bureau stations to Eureka Dunes.
Distance of the station from the dunes and its elevation
are shown, : '
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Figure 17. Seedling density of Swallenia on the northwest flank of the main
dune, 1974-1986. Astericks indicate no .available data.
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Appendix A:
Seed Productionand Seed Rain, 1985-1986
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Appendix A
Seed Production and Seed Rain, 1985-1986

Additiona) seed production data were collected during the 1986 field season.
The purpose was to 1) examine year-to-year van"abilitg in seed output per plant
for each of the endemic speeies,'and 2) previde estimates of seed rain to compare
with estimates of seed density in the 1986 seed bank. The methods for making

these measurements are found in Pavlik and Barbour (1985).

Results and Discussion

The relationship between canopy "volume and seed output per individiual
during 1985 end 1966 is shown in Figures 8, b and c. Swallenia seed production
was a linear function of canopy volume {r » 0.65) an‘d varied significantly between
]985 and 1986, The equation for the 1985 relationship (seed output = 4226
(canopy volume, dm3) - 31.348,r = 0.92 ) had a slope that was f‘o-ur times as great
as that of the 1986 relationship (seed output = 0.889 (canopy volume) + 125.2192, r
= 0.85). The principle difference between Swallenia reproduction in- 1985 and
1986 was a decrease in the number of inflorescences per individual during 1986.
It is not known if this decrease was the result of environmental stress or part of
-an intrinsic reeroductive fluctuation. As previously indicated (Pavlik and Barbour
1985), the output for an averaged sized Swallenjs was low (1000-3100
seeds/plant/year, Vc = 750 dm) compared to non-endangered perennial grasses

from arid environments.
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Annual seed production by Oenothers end Astragalus wes e logarithmic

function of canopy volume (r > 0.85) and fairly constant from year to year (Figures

b and c). Average sized individuals of Qenothera (Vc = 60 dm3) produced 36,000
seeds in 1985 while those in 1986 {Vc = 12 dm>) nearly 7,000. (Note that although
the relationship between canopy volume and seed outpul did not vary from year to
year, the average size of primrose individuals did.) Average sized individuals of
Astragalus. (200 dm3) produced 10,000 seeds in 1985 while those in 1986 (V¢ =
190 dm3) produced nearly 12,000. These estimates of annual seed output per plant
compare favorably with whose presented for other.non-endangered members of the
genera Denothera and Astragalus (Pevlik and Barbour 1985).

Considerabte variation in the seed rain was observed during the two years of
ths study (Table a), but the ceuse of the veriation differed for esch taxon.
Swallenia seed rain was more than halved during 1986 due to the decline in seed
output per plant (Figure a). Oenothers seed rein declined by more than 75 percent
because each plant was on the average 80 percent smaller during 1986 (see above).
Most of the 30 percent decrease in Astragalus seed rain was due to the death of
mature plants after 1985, resulting in a lower density of reprodubtive individuals.
These estimates of seed rain correspond in magnitude to the estimates of seed
density in the seed bank during 1986 (Chapter 2 this volume and Table b).
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Appendix B:

Population Attributes and TheIrManagement Implications
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Appendix B

Population Attributes and Their Management Imc:lit:ations:I

Abstract: Plant survivorship, seed production, seed bank dynamics and frequency
of establishment can be used to determine if endangered plant populations are
declining (thus requiring intensive monitoring and recoverg efforts) or stable
and/or growing when protected from human disturbance. A two year study of the

perennial endemics Swallenia alexandrae, Oenothera avita ssp. eurekensis and

Astragalus lentiginosus var. micans wes conducted at Eureka Dunes, Inyo County,

California. Based on analyses of survivorship it was concluded that the populations
are at least stable (even short-lived Oenothera cohorts survive long enough 1o
reproduce) or growing (the number of established'SwaHenia and Astragalus plants
doubled during the study). The high mortality and short life span of Denothers and
Astragalus bopulations were offset by copious seed production, long-lived seeds,
low to moderate seed predation, and frequent establisbment. The low and variable
seed production, high seed predation and infrequent establishment of' Swallenia
populations were Counterbalanced by a low mortality of recruits and established
plants, a long rébroductive life and long-lived seeds. It is possible, therefore, to
conclude that the factors endangering these endemic populations are mostiy
extrinsic. No additional manipulations are warranted if adequate protection from
human disturbance is meintained. Occasional mbnitoring in the future is necessary

in order to verify these conclusions.

' Paper presented at "Rare and Endangered Plants: A Colifornia Conference on

their Conservation and Management * November 9-8, 1986 Sacramento, CA.
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INTRODUCTION

Demographic studies of plants indi'cate that each species population can

possess unique attributes that ultimately determine local abundance and/or

persistence through time (Herper 1977). A thorough analysis of these attributes

is of primary importance in the management of endangered popuiations simply
because abundance and persistence are at the center of all recovery efforts. Such
efforts are usually undertaken once the threat of humen disturbance has been
minimized (preservation by land-use restriction). This is because preserve
management -requires a knowiedge of the population's stétus (whether it is
declining, stable or growing) under the most “netural” of conditions. This
determination cen be made by selecting & few, relevant population attributes and
conducting & demographic monitoring progrem (Pavlik 1967). The purpose of this
paper is to illustrate the use of survivorship, seed production, seed bank and
temporal establishment data for deiermining the post-preservation status of the

endemic populations at Eureka Dunes, Inyo County, California. The Eureka

populalions comprise the entire known distribution of Swallenia alexandrae?

(Soderstrom 'and‘DéckerJ, Denothera avita ssp. eurekensis ¥. Klein and Astragalus

lentiginosis var. micans Barneby. All three taxa are perennial, suffrutescent herbs

restricted to deép, windblown accumulations of sand (Pavlik 1979a).

2 Al three endemic texa are herein referreq to by their generic epithet.
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METHODS AND MATERIALS

Plant Survivorship

In February 1985 three sites were established on the nerthwest flank of the
main dune in an area that has béen extensively studied in the past (Henry 1976,
Pavlik 1979a, 1979b, 1980, Pavlik and Barbour 1985). The sites were chosen so

73

that each represented one of the study species according to the following criteris;

1) the species population was composed of at least 150 individuals from all
age/size classes, 2) the population was located in a dune habitat typical of the
species (e.q. steeper, less stable slopes for Swallenia and lower, more stabilized
stopes for Qenothera and Astragalus (DeDecker 1976, Pavlik 1979a)), 3)
germinute and seedling densities were similaf to those observed in other parts of
the dune system and 4) the site was & great distence from footpaths taken by dune
visitors.

At each site @ large plot was randomly localed with its lower boundary
oriented along o 600 compass beering. Plol size varied among the three species

and reflected differences'in the size and density of individual plants. The upper

plot contained the Swallenia subpopulation and was S0 m X 50 m (2500 m'2). The .

Oenothera plot' was placed a‘ppruximatelg 100 m downslope (north) from the

Swallenia plot and was 50m X 10m (500 m™2). Approximately 10 m north of the

Denothera plot was the 30X 25 m (750 m™2) Astragalus plot. The corners of the -

plots were marked with 5 cm diameter stainless steel rods that were threaded
over their entire length and had a 8 cm gdiameter hook on one end. These rods could
be screwed into the sand for a distance of about 30 cm leaving the hooked end
exposed. They were used to attach sampling tapes during subsequent visits and

insure that the relocation of sub- plots could be accurately achieved. The markers



remained in place after the 1966 field season.

On five occasic;ns during 1985 (2/15-16, 3/21-22, 4/26, 5/31-6/1 and
8/11-12) end three during 1986 (3/22-23, 5/29 and 10/4-5) the demographic
plots were sampled for the number of live ,indivi_duals and notes were made
regarding their vigor, growth, life history stage and phenological state. Life
history stages (see below) for the study plants were developed from observations
made on laboratory and field-grown plents (Pavlik 1970b, Paviik end Barbour
- 1985).  Swallenia and Qenothera plots were subsampled using 10 or 15
.randomlg-placed subpl‘ots, respectively. The Astragalus plot was sampled in its
entirety. Each time the census was taken, a scaled map of each subplot was
generated by marking the location of live and dead individuals rooted within the
subplot. This allowed the fates of individual plants to be accurately monitored
throughout the study. Atiempts were made to tag all plants in addition to
mapping, but this effort was defeated when wind storms removed the 28 cm wire
stakes thet held the tags. |

Plots of time (days since the Feb 1985 census) versus the number of living
individuals.were made using the 1985-86 census data. These plots represented

true suwivorship curves for young plents of Swallenia, Dgnothera and'éstra'ga}us

(germinuies, see'dlings and juveniles) that were established as & single cohort
after the fall 1984 germination event. ‘Plots for older, established plants of the
three species representied population depletion curves because these individuais
may have been from different cohorts of various ages {Harper 1977). It was then
possible to calculate mortality and half-lives {the time in which o population

decreases by S50%) for the population as a whole or for subpopulations at c_lifferent

life history stages (Harper 1977, Hutchings 1986). These stages included

established plants (mature (M) or senescent {St)) and recruits (germinute {G),

seedling (S), juvenile (J) or in the case of Swallenia, hummock-forming juvenile (
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(@)). Details of these methods may be found in Pavlik and Barbour (1986).

Seed Production

At least 15 individuals of each taxon were selected prior to flowering for
maki‘ng estimates of seed produf:tinn during the springs of 1985 and 1986. All
individuals were located very near or in the survivorship piots of their respective
species. Plants varied in terms of canopy volume (Vc) as calculated from
meaéurements of plant length, width and height._

An enumeratioh fnodel ‘wes used for each species in order to estimate the
actual seed output per plant having a given Vc at the time of maximum flower and
fruit production (March-April for Astragalus, May-June for Swellenia and
Oenothers). During March, April, May and .Julg these plants were surveyed for Vc,
the number of inflorescences per plant and the number of developed fruits, aborted
fruits, flowers and flower buds per infrutescence (from & subsample of 5
infrutescences). During peak fruit production, 20-44 infrutescences per taxon
were examined in the laboratery to determine the mean number of seed-containing

fruits per infrutescence, in the case of Swallenia it was possible to estimate the
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mean number of éargnpses (herein referred to as seeds) per infrutescence directly

since each caryopsis contains one seed.) This mean value compared favorably with
field estimates .of the same parameter and so it was used to calc_ulate the mean
number of seed-containing fruits per individual from other field measurements
mentioned above. This was converied to the mean number of filled; undamaged
seeds per individual of Qenothera and Astragalus by counting the number of filled
seeds in 30 fruits of each taxon and determining the meen. Details of this methad
are found in Pavlik and Barbour (1985).



in order to estimate the seed rein (seed output of a stand of plants on a habitat
area basis) the survivorship data {number of live, mature plants per square meter
of the stand of size Vc) were combined with regressions of seed production on
plant size for each taxon. This method iakes into account differences in
mortality and reproductive output among individuals in the population énd,

therefore, represents a partial life table analysis (Hutchings 1986).

Seed Bank Dynamics

In March, May and October of 1986, estimates of the seed bank within

survivorship plots of Swallenia, Oenothera and Astragalus were made by pressi'ng

1 liter piastic containers into the dune and trapping the sand in the container with
a plastic lid. These containers sample‘d' 0.178 m? of dune surface neer and
between mature plants. Their placement was raﬁdom but spread throughout 100
m2 of each plot. Owing to the patchy vegetstion cover found in the Swallenia

stand, 50 of these samples were required, whereas 8 were used for Qenothera and

Astragalus stands on each date. Seeds of Swallenia and Astragalus could be
separated from the sand with medium coarse soil sieves. Qenothera sampl'es,
however, required sieving with fine-mesh screens and immersion  of the
throughfall (very fine sand + s'eeds) in tubs-containing a saturated salt solution.
The small seeds floated on the salt solution more than 90% of the time as

determined by spiking studies.
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Seed longevity was tested by germinating seeds from the 1978 and 1985 crops. -

These had been stored dry and at room temperature. They were germinated under
optimal light, temperature and moisture conditions according to the results of

Pavlik (1979a). Three rép_]icate ‘dishes of 50 seeds each were used for Swallenia



and Oenothera and 25 scarified seeds for Astragalus. In addition, tetrazolium tests.
were run on all ungerminated seeds at the end of the 10 trials to determine if they
were dormant or dead.

On two nights in October 1986, seed. selection experiments were run at Eureka
Dunes by placing 10 naked Swallenia seeds, 10 Swallenia seeds in their floral
bracts, 10 Qenothera seeds, 1 ripe Qenothera capsule (containing numerous seeds),

10 Astragalus seeds and 10 Astragalus pods(with seeds) in a shallow glass or

plastic dish. A total of 27 dishes were sunken below the sand surface (9 in each
species plot). Some were placed next to the canopies of established plants and
some up to 3 m away. Seeds could not be easiiy blown from the dishes {the two
nights were perfectly still anyway) end footprints in the surrounding sand
revealed if seeds were missing due to nocturnal, memmalian predators. Foraging
ants, however, could not escape from the dishes once they had fallen in. This

altowed some assessment of ant vs. mammal seed predation.

freguency of Establishment

Estiﬁates of fall seediing density of Swallenia were available for most years
between 1972 and 1986 (Henry 1976, Paviik 1979, Pavlik and Barbour 1986). The
records for Oenothera and Astragalus were not as long-term or complete and came
only from the author's field notes. These could, however, provide .-information' on

the frequency of germination over the same time period.
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" RESULTS AND DISCUSSION

Survivorship

Survivorship and depletion curves for the three endemic taxa are shown in
Figures 3-5 (pages 20-22 of this report). Changes in the total Swallenia
pdpuiation (@) were the result of mortality in the fall 1984 cohort of germinules,
seedlings and juveniles (W). After nearly two years 24 percent of this cohort had
survived and grown into hummock- forming juveniles whereas 97 percent of the
mature and senescent plants (&) were still alive. The tota) population was more
than twice its origina.l size two years after cohort emergence. This contrasts

with Oenothers which produced cohorts of seedlings in both years. Only 43 of the

winter 1984-85 cohort survived until the next year (thus, the'truelg perennial

population vas very small), but nearly 75 percent had produced seed during that
time. The winter 1985-86 cohort had higher' survivaorship {41 percent) a lower
percentage of reproductive individuals (48) and was comprised of smaller mature
plants {mean Vc = 12 dm3)_than the 1984-85 cohort (mean Vc = 60 dm>). This
pattern was also observeq for Astragalus, except that none of the winter 84-85
cohort sur_vived or reproduced. Seedling éurvivorship was much higher in 1986
(548) but none of these had reproduced within the year. Like Swallenia,
survivorship of mature Astragalus plants was high (69 percent) thereby making a
rather large population of perennial plants. If even half of the 1986 cbhort

survives another year (likely in that they slready survived the first summer), then

- the established Astragalus population will more than double in size.

Survivorship data are re-interpreted in Figure 6 (pg. 23) as the mean mortality
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(1985-86) experienced by each life history-stage. Mortality was generally low (<

25 percent) and constant for Swallenia, hig_h (25-80 bercent) and increasing with
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age for Qenothera and extremely variable (15-95 percent) and perhaps declining

‘with age for Astragalus. _

Hal-f-lives for recruits, established (adult) plants and the total population were
derived from survivorship data (Table 2, pg. 12). The values for Oenothera and
Astragalus were similar and about half those of Swallenia. Swallenia half-lives
compare favorably with those of non-endangered perennial grasses from arid
environments (0.5-4.5 years, Williams 1970, West et al. 1979). Those of Denthera
and Astragalus, hovever, are on' the low end of the spectrum for non-endangered
herbaceous perenniels (0.5- >50 years, Harper 1977). Extrapolating until the time
of populetion extinction (potentially erroneous .but.‘ nevertheless valuable for
comparative purposés), established Swallenia populations might persist for as

long as 88 years in the absence of recruitment while Oenothers and Astragalus

might persist from 3 to 16 years. Based on survivorship data alone, Oenothera is
the most endangered of the three taxa {high mortality and short half-life of
recruits and adults), Astragalus the next (high mortali'tg and short half-life of
recruits but high adult survivorship) and Swallenia the least (lowest mortality,

longest half-life of all stages).

Seed Production

The relationship between canopy volume and seed output during 1985 and 1986

is shown in Figures a, b, and ¢ (Appendix A). Swallenia seed production was a
linear function of canopy volume (r > 0.90) and varied significantiy between 198%
and 1986. The output for an averaged sized Swallenia was low (3,100

seeds/plant/year, Vc = 750 dm) compared to non-endangered perennial grasses



from arid environments {16,000-200,000 seeds/plant/year, Stevens 1932, Huiskes
1979, Davy 1980). Annual seed produz;tion by Oenothera and Astragalus was @

logarithmic function of cenopy volume (r > 0.85) and fairly constant from year to

" year. Average size individuals of Qenothera (60 'dm3) produced 36,000 seeds in

1985 and those in 1986 (12 dmS) produced 7000. Average size individuals of
Astragalus (200 dm>) produced 10,000 seeds in 1985 and those in 1986 (190 dm®)
nearly 1_2,000). _These estimates of annual seed output per plant compare

favorably with those presented for other non-endangered members of the genersa

Oenothera and Astragalus (Ste\)ens 1932). Based on seed production data alone, it

would appear that Swallenia is the most endangered of the three taxa and
Denpthera the least. When the survivorship data are taken into consideration,
however, it is obvious that the high mortalitg and short half-iife observed in the

Oenothers population are to some extent ameliorated by copious and consistent

seed production from year to year. On the other hand, Swallenia is a poor seed

producer but its recruits and adults experience lower mortality and greater
longevity.

Considerable variation in the seed rain was observed during the two geafs of
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study (Table a, Appendix A), but the cause of the variation differed for each taxon.

Swellenia séed rain was more than helved due to an intrinsic decline of seed
output per plant (Figure a). Oenothera seed rain declined by more than 75 percent
because each plant was on the average 80 percent smaller (see above). Most of the
30 percent decline in Astragalus seed rain was due to the death of mature plants

after 1985, resulting in a lower density of reproductive individuals.



Seed Bank Dynamics

The densities of Swallenia and Astragalus seeds in the seed bank corresponded

with the magnitude and timing of seed rain during 1986 (Figure 9 pg 39 and Table
8, Appendix A). Increases in seed density were on the order of 8 to 35 fold as seed
output and dispersal peaked ddring the April-May period. The seed bank of
Oenothera, however, did not peak during the period of maximum seed production,
but declined from March to May. There are at least two factors contributing to
| . this pattern; 1) the large 1985 and small 1986 seed rains (i.e. the dune sand
contained a large ﬁumber of 1985 seeds and was not enriched during 1986) and 2)
dispersal of the extremely mobile seeds during spring wind storms. Regarding the
latter, Pavlik and Barbour {1985) compared the small, hghtwelght Uenothera seeds

to those of Swallema and Astragalus and found they were the fasiest dispersers

at any wind velocity (and, therefore, most likely to leave the habitat). This
dispersal ability allows Oenothera to maintain the largest geographic range of all
three dune endemics. | |

All three taxa had much smaller seed banks in October. In unstable sand dune
habitats there are five pussible fates of these seeds; 1) aging, death and decay, 2)
predation; 3) germmatlon 4) deep burial by moving substrate, and 5) dispersal out
of the stand as substrate is moved by high wind.

Table 4 (pg. 32) shows that seeds of -all three taxa remained viabte and
germinated after 8 years. it seems unlikely that seeds in situ would age, die and
decay after five months, | : |

Seed predation, however, must significantly contribute to decreasing the seed

reserves of Swallenia and Astragalus. Over a single night period, 14 percent of all

" neked Swallenia seeds and 9 percent of all naked Astragalus seeds were collected

(principly by the kengerco ret Dipodomys, s judged from tracks). Swallenia
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disseminules were also taken (6 percent). In three dishes there were several ants
‘observed carrying Swallenia seeds, suggesting that if they could leave the dish
they would take the seeds with them. Of all seeds and disseminules removed, those
of Swallenia were more likely to be selected by rodents and ants (Table 5, pg. 34).
There was no evidence that Qgnothera seeds or fruits experienced anhy predation by
nocturnal rodents or ants. | |
- BGerminule emergence was not obs'ervéd during the May to October period and so
it seems unlikely that seed bank decline is a result of germination. The possibility
0f subsurface germination and death is remote owing to the fact that 1) the upper
30 cm of dune sand was dry and significant rain did not occur over the summer
and early fall, 2) dead germinules were never found in seed bank samples and 3)
summer sand temperatures (35-55 C) completely inhibit germination of the three
taxa even if supptied with ample moisture {Pavlik 1979a). |
Casual observations made in all three populations indicate that less than 10 cm
(mostly less than 4 cm) of sand accumuleted in portions of the study plots over
the summer. In this case the seed bank samples would not have been greatly
affected by the deposition of small amounts of seedless substrate (the most
biasing case). Sand accumulation can vary greatly with position on the dune and
time of the gear'(Pevlik 1979a) and it is entirely bossible that many seeds become
‘ deeplg buried for long periods of time. The size and dynamics of this "quisscent”
seed bank remain unknown. | ‘ |
The 'Iast possible fate of seeds in the dune seed bank is dispersal out of the
stand. This cannot be excluded for any of the taxa since all three are capable
dispersers (Pavlik and Barbour 1985). Dispersal and predation both contribute to

the slummer—fall decline of Swallenia and Astragalus seed banks but only dispersal

affects the Denothera seed bank. It could be argued that since seeds might be

transported in as well as out of the seed bank by substrate movement, only
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predation significantly affects these seed banks. This argument is extreme and
“does not recognize the very patchy and sparse cover by endemics on the dune and

the great volume of lifeless, shifting sand.

Frequency of Establishment

Finally, the available evidence suggests that significant germination and
est.al:_ﬂi.shment of Swallenia many occur infrequently, perhaps once every 8-10
years (Figure 17). Apparently this phenomenon is associated with sporadic
occurrences of .unusually large amounts of summer-early fall precipitation. This

'agrees with other studies of desert perennials (Brum 1973, Jordan and Nobel

1981). If the' population of mature Swallenia individualé can persist for 16 years:

{its half-life, a conservative estimate) to 90 years (the time of population
extinction, a very rough approximation), then 2-9 establishment events could
occur. Oenothers and Astragalus can germinate more frequently (perhaps annually
a8s in figures 2 and 3), although successful establishmént and reproduction may be

less common (every 2-4 years according to field notes).

CONCLUSIONS

The data c]eaﬂg indicate that the endemic populations of Swallénig, Oenothera
and Astragalus st Eureka Dunes are not declining. Based on éhaiyées of
survivorship they are at least stable (even short-lived Qenothera cohorts survive
long enough to reproduce) or growing (the number of established Swallenia and

Astragalus plants more than doubled during the study period). As might be

predicted from the r-K selection hypothesis, the high mortality and short life of
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Oenothera and Astragalus populations were. offset by copious seed production,
‘long-lived seeds, low to moderate seed predation, and frequen_t establishment.
Oenothera even has the ability to clone in order to increase population haif-life
(data not included). The low and variable seed pi’oductiun, high seed predation and
infrequent establishment observed in Swallenia populations is counterbalenced by
8 low mortality of recruits and éstablished plants, a long reproductive life and
long-lived éeeds. At this time it seems possible to concludé that the factors
endangering the endemic populations at Eureka Dunes are mostly extrinsic. These
.extrinsic factors include the status of QOenothera and Astragalus poilinators
(Pavlik and Barbour 1985), the watershed mahgement practices affecting dune
hydrology (Paviik and Barbour 1986), and human disturbance (Pavlik | 979b). The
latter two can be minimized by regional planning, management and enforcement.
No additional manipulations of the Eureka Dune populations are warranted if
adequate protection from human disturbance is maintained. Occasional
monitoring in the future is necessary in order to verify these conclusions.
Although we can never turn our backs on endangered but stable pnpulation's, we can

for the moment turn our attention to other, more critically threatened taxa.
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