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ABSTRACT

The habitat of Yucca g}ahcalg?s examined along the Lost and Milk
River coulee faces in southern Alberta. The two populations represent
the most northern extént of this species.

"The microclimate at the Lost River si}e was characterized by high
solar radiation (range 144-1181 cal an” day-l, summer mean 697 cal
cn-z day_l), high temperatures (range 2—260C, summer mean 180C), low
precipitation (range'fran 4.3 mm in June to 10.3 mm in May, summer
mean 40 mm), moderate wind speeds (range 2-13 km hr-l, summer mean 8 km
hr—l), moderate relative humidity (range 351106%, summer mean 61%), and
‘a high percent of sunny days (53% of summer season). Air and soil
temperature profiles were uniform (thC) along the coulee face. The
prevailing southwest wi?ds were higher on southwest to west-facing

slopgs corresponding to non-yucca sites. They were lower on south to
east facing slopes where Yucca occurred.

Soil differences are associated with yucca and non-yucca sites.
This can be explained by the movement and deposition of soil fram
exposed slopes, to leeward ones, by the prevailing southwest winds.
and by water erosion on the more exposed slopeé. The soil of yucca
sites have a sandier texture and a lower water holding capacity, but a
larger soil rooting Qoiune than non-yucca éreas. Significant differences
~were found in depth to hardpan layer which occurred a greater than |
100 an on yucca, sites, less than 50 én on-the margin of these areas,
and 20-30 am on non-yucca‘sites. Théﬁﬁ;rdpan is very dense and is
impenet-able for yucca rhizomes. Significant redition in rhizome
penetration‘was found fornplénts growing on the margin compafed to the

centre of yucca areas. Uprooting and dessication by wind of a shallow"

(3
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underground system, in relation to the hardpan layer, is considered a -

major limiting factor for further expansion of Yucca glauca along the

coulee ¥lopes.

Yucca glauca is adapted to the region in several ways. Its clumped

growth form can act to accumulate snow and soil. . Clumped shoots, a long
horizontal thizcme and plant longe?ity are characteristic of the speqies:
Seeds of the species tend to gemminate throughout the summer season
whenever.moisture is available. They gemminate at a lower temperature
than reported for more squthein populations, but at relatively'high
temperatures (20°C) for this area. The species is able to tolerate a
range of moisture conditions fran'a high of -2 bars in June to a low of
-25 to -27 ‘bars in mid-July.

It is uncertain whgt limits the distribution of the species beyond
its northern range. Low winter temperature, agriculture including
cultivation, and' the distribution of the plants only known- polllnator

the yucca moth, are same factors con51dered

ary
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INTRODUCTION

Throughout the mixed,prairie region of North America, vegetation is
patterned in relation to certain tolerance differences. These difference
enable species to exist and reproduce successfully within a complex-of
ciimatic, edaphic, and biotic conditions (Hanson and Whitman 1938,
Coupland 1958, Cooper 1961, Weaver 1968, McMillan 1959 a, Mhlpman 1969,
Redmann 197S5). The spreadlng of a species toward its. areag limits 15L
often facilitated when one or more factors are compensatgd for by others

so that the new enviromment resembles that of the distributipn centre

(Cowles 1901, Good 1931, Rubel 1935, Mason 1936, Billings 1952).

Yucca glauca* reaches the northern limit of its range within the

mixed prairie in southern Alberta. ggar the species' centre of

4
distributi?ﬁ in mid-United States, suitable growing conditions are met

on all aspects, but in Alberta a south to east exposure 1s preferred e
(Webber 1953). -

| A study at the limits of the range of a species reveals information
about the mini ;requirements of iiéht, temperature, precipitafion, and
other climatic and\gggphic factors ne.ued - that plant to survive. This
information is necessary prior to su -escu’ cultivation, protqﬁxion, or

a general understanding of the particu. - <-ecies in question.

*Nomenclature follows Moss (1959)



o

It was the purpose of this study to investigate Yucca glauca at

14

the most northern extent of its range in southern Alberta by: 1) examin-
jng ity habitat; 2) detemmining factors (climg{and edaphic) which may
limit Ahe species fram expanding its population beyog\d the present limit,
and 3) dc?scribing certain morphological and physiological characteristiés
of Yucca glauca in Alberta and making camparisons, when possibfg', with
individuals growir{g hear the distribytion centre. No such studies are
known to exist although the species has a wide range within the western

TN

grasslands. =~ {_. 77"



DESCRIPTION OF STUDY AREA

—
Mixed Prairie of Alber »
—\X

Moss (1944, 1955) and Coupland (1950, 1953) discuss the mixed prairie

General

region of Alberta. This region is part of the Great Plains region of
North America. The mixed prairie of North America extends west to the
Rocky Mountain foothills, east to about 98°30'w, 1ongitude, south to the .
Rio Grande River and northward %o,central Alberta andeagkatchewan. In
Canada, the ﬁixed prairie extends from the foothills at the base of the
Rocky Mountains eastward along the International Boundary to the v1c1n1ty
of the boundary between Saskatchewan and Manitoba (Coupland 1950)
Geanorphology'gpd Géology ‘

The general topography of the mixed prairie in Alberta and northern
qgnzana consists of undulating to gently rolling lands, dissected by |
deeply eroded coulees (Fig.'1). Two uplands occur within the area; thé
Cypress Hills to ‘the northeast, and Sweetgrass Hills of Montana which

rise 1,500 m to the southwest (Fig. 4).
| ﬁ The subsurface geology consists 6f Late.Cretaceous age, light
coloured sandstone and shale strata with clayey shales predominating.
Crossbeddlng of course sandstones occur indicating shallow water dep051t10n.
Beds of iron-stone are frequent, but discontinuous. The soft nature of
the shales and sandstone have been influenced by the mov ént of
’ shales

advancing ice sheets and melt water. Ihin coal seams and coa

‘then occur near the top of the formation throughout the area. |The
. E; Y

stratun is about 60-180 m thick (Russell and Landes 1940)
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N

Mixed prairie region of southern Alberta showing gently
rolling topography, dissected by deeply eroded coulees.

-



The surface material is mainly of glacial origin, deposited during
the Pleistocene when Laurenfide continental glaciers advanced and
retreated over the area several times. Glacial activity caused same
erosion of the Cretaceous bedrock and intdrporarod it in drifts together
with material from Precambrium:rocks and Paleozoic limestone. The
resdltant material is generally mediqm textured, calcareous, and contains
stones and boulders of various sizes. The resultant landform is the
present undulating to strongly rolling landscape, low knolls, long smooth
intermediate slopes and shallow, undrained depressions (Dowling 1917, |
Wyatt and Newton 1941, Webb 1954, Meyboom 1960). |

Few nafurallf occurring lakes and marshes exist within the area.
Rivers are rather shallow. ?he Milk River which d;ains into the Missouri

River and the Lost River which drains into the Milk River are the two

important ones involved in this study (Figs 3). The number of deep

coulees suggests that large volumes of water‘ﬁere‘transported‘across the
landscape in camparatively 1ecent times (Russell and Landes 1940, Wyatt

and Newton 1941).

Macroclimate

Climate for the area was describéd by Wyatt and Newton (1941),
Borchert (1950), Coupland (1958), Wéaver'(1966), and Longley (1967), as
being characteristic of a mixed prajrie region.‘ In general the summers
have long warm days and ihe winters\are cold and bright. Climatic data
for the region as recorded at the Man;berries Climatological Stati&n
at Onefour (49°07'N., 110°28'W.), about 19 km north of the study on the
Lost River; are summa%ized~in Table 1. Mean daily témperature over a
13year period from 1962-75 reached a low of ~13%C in Jamuary and a high

¢ L3
{
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in July of 20°C. Mean dail); minimum temperatures of -19°C are reached
in Janﬁary and mean cfaily maximum temperatures of 270C occur in Juiy.

The région receives relatively high amounts of suﬁshiﬂe. From
1962-75, the area received an average of 2,2.60 hr of smllight annually;
about 6 hr of sunshine for each day of the year. July is the month of
greatest sunshine with December and January being the lowest. |

Annual precipitation is low (33 am), with most occurring in spr)ing.
During mid-summer, precipitation results mainly from thunder showergJ
(Wyétt and Newton 1941).

Vegetation

The mixed prairie vegetation of southern Alberta has been described
by Moss (1944, 1955), Coupland (1950, 1953), and Ayyad and Dix (1964).

The upland prairie is dominated by a Stipa-Bouteloua-Agropyron‘cammmify

with the major components being Stipa camata and Bouteloua gracilis.

Associated with these species in more mesic areas are Agropyron dasystachyum,

A. smithii, Muhlenbergia cuspidata, and Koeleria cristata. Calmovilfa 5

longifolié occurs in isolated circles throughout.. Carex obtusata, C.
eleocharis, and C. filifolia are the dominant sedges. Scattered
throughout the prairie, but mostly in more protected mesic areas z_ire

Artemisia caha, A. fri'gida, and “Eurotia lanata.

S

Phlox hoodii, Lygodesmia junce~ _iatris punctata, and Solidago

missouriensis are important forbs. 5 include Astragalis pectinatus,
’_"\@baeraicéa coccinea, Oxytropis macou: . campestris, Pentstemon
gracilis, Cirsium undulatum, Campanuiz _ .ndifolia, and Antennaria
r{itida are fairly camon. The two caci., .-tia -nlyacantha and
Mamillaria vivipara are in the drier of dis> ' d ar as. Rosa woodsii

occurs throughout. !



S

Same different species are found on the rocky ridges of the coulees.

Here Hymenoxys richardsonii and H. acaulis make a colourful appearance in

spring. The cactii are more numerous as are Eurotia lanata and Artemisia

frigida. Stipa comata and Bouteloua gracilis are the major grasses.

The wetlands and flood plains are daminated by species which are

able to grow under saline conditions. Sarcobatus vermiculatus is the

camon shrub; grasses include Spartina gracilis, Distichlis stricta,

Juncus balticus, and Deschampsia caespitosa. In same areas, mostly in

“uplands, Hordeum jubatum and H. chenopodium occur.

Yucca glauca

General Description
The genus Yucca is within the Liliaceae. It includes species which

are xerophytes, beinglkell adapted to long periods oﬁ little soil moisture.

~ Their large Stems and rhizames store Lonsiderable moisture and the

presence of abundaht endosperm indicates an adaption to dry Tegions

- (Webber 1953, Odishariya 1962).

vIn North America there are twelfe'dehiscent—fruited species, includ-

ing Yucca glauca (Fig. 2), and nine indehiscent- frulted ones. The genus

is dlstrlbuted throughout the southwestern p1a1ns mountalns and valleys
- fram near sea level in southern California to more than 2,400 m in
elevation in the Rocky Mountains of Colofédo As a result, they are
subJect to many extremes in temperature, precipitation, and length

of grow1ng season (Trelease 1902 1907, McKelvey 1938, 1947, Webber

1960). 8

-

The general habitat preferred by yuccas (including Yucca glauca) .

is well drained soils on sunny slopes. Soils can vary from sandy to

rocky slopes, dry gravelly plalns, flood plalns weathered 11mestone,

P



Figure 2. Yucca glauca in southern Alberta.
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finely decomposed slates/ and red or calcareous clays.
Leaf. longev1ty and 1ength are related to sufficient pred1p1tation.
When rainfall 15 1nsuff1c1ent the outer leaves tend to die until only

those imbricated arounduthe 1nner buds remain alive With sufficient
| |

moisture, leaves reach a larger size. This is cammon in plants of
/

gardens along ro? d51des or in fields where cattle have worn trenches

around their bage (McKelvey 1947).

Yucca glaﬁca occurs mainly on the plains and "bad lands" east of

the Rocky Mountains although its range extends into the mountalns often
to high eleyations on warm slopes (McKelvey 1947). It has a wide range,
occurring éast to the Mississippi River, south to Texas, west into
Arizona d Utah, and north into Alberta where it occurs at two

locati ns (Fig. 3). " The type locality is in northern North Dakota or in ¢

northeastern Montana (McKelvey 1947). 4

. Location of the Species in Alberta : /

Two populations of Yucca glauca occur in the mixed prairle region

" of southeastern Alberta. The largest of the two is located in Section

2, Township 1, Range 4, West 4th Meridian. .The second population 1is

/
’

in Sfction 35, Township 1, Range 7, West 4th Meridian. »
/ The larger of the two populationszspn51sts of over 55,000 individuals

cupying ca. 2 km along the Lost River coulee face. The second yucca

population about 29 km west is much sr- “er, con51st1ng of about 450
/

/ individuals and occupying about a 150 m length of a coulee branch of the
ma1n Milk River Valley (Fig 4)

The elevation of the Lost River site is ca. 870 m while the yucca

population on the branch of the Milk River is at 1,000 .m.
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Figure 3., Range of Yucca glauca throughout Nerth America.
: Dots (-) represent known populations of the species,
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Figure 4, Mixed prairie region of Alberta sho;ving the Lost and Milk
" River populations of Yucca glauca (o).
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METHODS

Site Selection .

The study was primarily confined to the Lost River yucca siﬁe.
General site description was made including aspect, and mapping of the
yucca pOpdlation as 1t occurred along the Lost River coulee. It was
found that in the western portion of the population, there were distinct
yucca (Y) and non-yucca (NY) areas. A comparison of aspect, soils, and
vegetation on these areas was used to select two yucca and two non-yucca
plots, each 25 X 25 m, The yucca and non;yucca sites were adjacent to
one another. The two yucca pléts faced 180° to 200° to 220° with the
latter being protected from direct southwest exposure by the coulee face.
The two non-yucca sites were more southwest in exposure having aspects

of 250° and 240°.

Microclimate

Certain climatic parameters were measured in adjacent yucca and
'non;yucéa plots. A Belfort hygrothemmograph was placed in a whi.:

; ¢
louvered shelter on the ground fram May 15 until August 26, 1. + The
hygrothennographs were calibrated in a controlled environmental chamber
against a standard mercury thermameter. The sensors (5-10 an abbve the
surfacej were recalibréted at least weekly. Because temperature and
relative humidity readings were the same for both yucca and non-yucca
sites, the instrument oﬁ the non-yucca plot was discontinued in June.

Air and soil temperature profiles were made from Max\fhrough August
on each yucca and non-yucca §ite. Two stations were positiaﬁéé/on each

plot. At weekly intervals tefiperature was recorded using copper-

constantan thermocouples connected to a Weston microvolt meter.
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: .
The readings were taken at 0900 and 1430 hr at 0, 2, 5, 10, 20, 50, and

100 an above and below the surface.

Soil temperature was recordg? continuously with two Moeller distance
recording themographs at -2, -1Q, -40, and -60 an placed on one yucca and
an adjacent non-yucca plot. It'was)found that the séil temperatures were
the same on both plots thus only one\set of readings was used for data
analysis,

‘j¥ Wind-speed was recorded throughout the -summer on only the yucca site
with a Belfort 3-cup totalizing anemometer; the cups were located 60 cm
apbve ground level. Wind profiles were determined for both yucca and
non-yucca areas. The measurements were taken with a Hastings hot-wire
anemameter at 2, S, 10,‘20,'50, 100, and 150 cm.- The sensor was held for
3 min at each position and data recorded every 30 sec to get an average
reading at each site. Wind direction was also detemmined.

Rainfall was collgcted in a Tru Chek rain gauée which, had been

' checked against a calibrated cylinder prior to use. This was posi*ioned

1 m above ground surface.

f:: ~ Soils
A detailed soil in?estigation was made for the yucca and non-yucca .
.habitats along the Lost River and-minor sampling was done at the Milk
River site. At the Lost River site, soil pits were dug, the profiles
were described and canposite samples collected for laboratory analyses.
Texture was determined by the hydrameter method (Bouyouces 1936, 1951).
Séil pH was determined on.a 1:1 paste with a Sargent-Welch Scientific
meter (Model, S-30009). CaCO3 equivalents were determined by measuring

the volume of CO2 gas produced by a known weight of soil reacting with
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HCl. Organic matter was detérmined by first obtaining a measure of totalﬁ
carbon from an induction furnace, then subtracting carbonate C and
multiplying by 1.73 (Donahue 1971, Canada Soil Survey Committee on Methods
of Analysis 1976):

At weekly to twice weekly iﬁtervals soil moisture was sampled
gravimetrically at the two sites with duplicate samples taken at the
2, s, 10, 20, 50, and 100" am depths.

Soil moisture tension lines were prepared by<detennihing moisture

_contént at 1/3 and 15 bars in ceramic plate extractors (Soil Moisture

Equipment Co.).

Plant Communities

Plant c.over and frequency of species bccufring on each yucca and
non-yucca plot were determined. Plothlocation and size have been
previously described under Site Selection. ‘By a series of 1ines, each
plot was divided into 5 X 5 m subplots. Eighteen quédrat-samples
(0.5 X 0.5 m) were taken randomly in each of the five rows. Cover -
classes used were after Braun-ﬁlanquet (Poore 1955) and the results

e - 7alculate relative values.

Morphological Studies

The total number of yucca plants was determined for the Lost River
anc Milk River populations. Plant height and wiath, leaf length and
width, floral parts, capsules, and seeds were measured and déscribed for
over 1,000 plants, 'Thesé values were compared to reports for individuals
occurring further south. Rhizanq;measuremen;s were made for plants

within and on the margin of yucca habitats. A non-destructive method
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for observing rhlzanes consisted of carefully digging down one S1de of
the plant making sure only a minimal portion of the rhizome was exposed.
Digging was limited to early morning and evening to prevent unnecessary

dessication. After measurements, rhizames were immediately covered with

soilf Co < <

Leaf Water Potential

Water potentials of leaves were measured on a weekly or mQre fre-
quent basis fram Méf thfoughlAugust A leaf disc was placed in a
thennocouple psychrometer chamber as described by Mayo (1974). This
chamber was used in conJunctlon with a Wescor Microvoltmeter. The
method used to obtain standard readings and eliminate any meter drift
was to cool the junctions for 5 sec and take the reading after 30 sec.
Three féadings taken 3 min apart were averaged. The samples were
equilibratéa 6 hr in a'water bath sunk into the slope of a south-facing
coulee face. The diurnalvrange of the temperaturé bath pemaiﬁed cons£ant |
(#1 °c) for any one set of detemminations. Psychrometer chambers were
calibrated w1th saline solutlons of known water potential prior to

N

field use and rect '=d on a monthly or more frequent b351s through the

season,. !

Seed Germination

| Capsules_of Yucca élauca were collected fram the Lost River yucca

site in August and December, 1976. Seeds were extracted'from the cap—
sules and treated with mercurlal fungicide. They were placed on #2
filter paper disks in 5 am disposable petri dishes. |

A temperature gradient bar was used similar to that reported by

P
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Barbour and Racine (1967). This was placed in an Environmental Growth
Chamber (ﬁodel M-13, Chagrin Falls, Ohio) at 20°c. Three replicate
plates, each containing 30 seeds, were placed at 0, 5,510, 14, 16, 18,
20, 24, 28, 37, and 43°C, with good thermal contact made between plate
and bar by a thin layer of vaseline. No illunination was used during
germination. Temperature of the water bath was monitored with a Grant
Instruments. temperature recorder and thermistor probes. Periodic checks
© of the temperature gradient on the bar were made with thermocouples and
a Wescor microvoltmeter. 'Teﬁperature differences between ihe ge:minating
surface and the bar were checked periodically with themmocouples.

The filfer paper was moistened as needed with distilled water.
Germination Wés recorded daily fof 3 weeks. To check release fram
inhibition, after temination of the experiment, 3 replicates fram 0, 5,
 and 10°C which showed no germination, were moved to regions on the bar -
where maximum germmination had occurred. W

Statisfical analysis consisted of a 6ﬁe—way analysis of variance
followed by a‘Duncan's New Multiple Range test to ccmpafe differences’

between germination over the temperature gradient.
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{
RESULTS

’ ° " General Site Description

,} For the western portion of the population, the coulee face has a

/#,;,////\WBSEEEEY exposure (Fig. 5). Here the yucca population is ‘discontinuous,
consisting of distinct yueca (Y) and non-yucca (NY) areas. The non-yucca
areas have the same degree of slope, but aspect is more southwest
(Table 2). The vegetation is more sparse on these non-yucca sites (See
Associated Vegetation Results), and eroded areas do occur. The yucca

population becomes more continuous toward the eastern part of the site,

being bréken whére the slope becames too steep and/or where erosion is
‘too extensive. Yucca generally occurs when areés are protected from a
direct southwest exposure by either a knoll,‘coulee face, or other
feature. The population is bofdered on either end by expansive eroded
areas, above by mixea prairie grassland;i;nd below by the Lost River.

A number of plants occur on the prairie where protection is offered fram
direct exposuré to southwest winds. _

The second population furthef west along the ﬁilk River has a general
west to southwest exposure, but there is considerable pfotection by
surrounding ridges fram direct sbufhwest winds.' The majority of plants
occupy the_west-southwest coulee face 6} have migrated onto tﬁe prairie

in restricted areas, but do not occur on the opposite east-faéing side.

Eroded areas are camon and mixed prairie borders the top of the coulee.
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Table 2. Aspect Comparisons of same yucta and non-yucca sites
which occur along the Lost River coulee face.

<

Non-yucca, Yucca
240 34
242 56
SW ‘ NE
250 90
) ' . E -
255 ' 100
W
270 135
280 140
SE
300 160
318 165 \
320 | Nw 175
324 180 S
334 190
340 200
SSW
-360 N 210
220
147

X =294
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Microclimate

July was the month of highest mean‘monthly solar radiation with the
maximun S-day mean of 1030 cal cm” > day-I and the highest single day |
value of 1181 cam cm % day™! (Table 3 and Fig. 6). The low of 144 cal
Gn‘z day'1 was recorded on June 7. These results correspond toAsky
observations (Table A)Awhich show that July had the greatest number of
clear days (24) and June -had the greatest number of cloudy or overcast
ones (20).- |

Mean daily temperature reached a peak in July (Table 3). The‘
Vhlghest mean daily temperature of 26 C was. recorded in August; the highest
in July was 25 °C. The absolute max imum temperature of 36°C was recorded
for several days in July. _The absolute minimum temperature of 2 C was
reacheddin June. From May through Auéust, 90% of the days had temperatures
| of 20°C or higher.

Precipitation was greatest in June (Table 3). Most rain in-July
~and August was fran thunder showers which were ihtense for short periods
of time. In contrast, the June rain often fell contlnuously for several
days. Some hail occurred durlng August

Max imum humldlty was recorded in June corresponding to the perlod
of greatest prec1p1tat10n (Fig. 7). Five-day means show that relative
humidity was hlghest in late June_(Fig. 7 add that atmospheric moisture

 remained relatively high in_July and August.

<
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Figui‘e 6. Solar radiation (cal am-2day-1) from May 18-August 25, 1976,
for ‘the Lost River yucca site. Values are 5-day means.



Table 4. Sky conditions (days per month

site, May-August, 1976.

el

) for the Lost River yucca

August

Cloudy and
- Month Overcast Clear
~ May 8 4
June 20 10
July 6 24
3 8 14

24

-
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Figure 7. Relative humidity from May 15-August 26£/;976, for the

Lost River yucca site at 5-10 gun. Values are 5-day means.
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The diurnal pattern of temperature -and relative humidity (based

upon 20-day meané) is showh in Fig. 8. Temperature increased from a low

at 0300 hr to a high at 1500 hr. The diurnal-cycle (inverse relation-
ship) for relative humidity followed this closely. It was not uncommon
for relatlve humldlty to have a range of 50%, nor for temperature to

range 15 °C over 24 hr.

Winds are consistently high in this prairie region, with those from

the southwest fredominating (89%) (Table 5). The Lost River yucca site

was consistent with these results with 63% of the winds being from the

"southwest (Table 6). The seasonal hlgh wind speed of 13 km hr’ -1 and'
low of 2 km hr-l was recorded fIgm the southwest during July and June
respectively. Long term record show .that winds in excess of 50 km hr

are common and occasional winds to 100 km hr-1 occur.

Short and Long Term Comparlson of Mesoclimate

The cllmate of the Lost River yucca site was compared to short
(1976) and long term (1962-75) data, at Onefeur. Acce551b111ty to
climatic data was the main criteria used to select the 1962-75 results.

In 1976, both the mean daily and mean maximum temperatures were
generally higher\on the ooulee face than recorded further iniand at
Onefour (Table 7)39 The mean daily temperature was 3°C higher in June,

6°C higher in July and 8°C higher in August at the yhcca site compared

to Onefour. ' This results in part from the slope eXposure and position

of the sensors (10 cm at the Lost River Si

slight variation in mean minimum temperatur§ and p ecipitation occurred

at the two stations. In June, mean minimum erature was 3°C higher

-1

26
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and 15 m at Onefour). Only

L

and precipitation 1.3 am greater at the yucca Eite. Winds were generally
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Figure 8. Diurnal temperature and relative humidity reéimes at 5-10 am
for Lost River yucca site. Hourly measurements are based on
20-day means.

27



28

Table 5. Mean annual wind speed and direction (10 m) for the period
1962-1975, for Medicine lat Weather Station (Atmospheric
Environment Service, Canada Department of Enviromment,

. 1962-75). . -

Wind Dlrectlon

SW WSW W E N NN

Medicine Hat .
mean wind speed . .
(km hr-1) 17 16 16 17 15 13

Total months

for mean wind :
speed 161 - 8 6 2 3 1

Total wind 2‘ :
direction (%) 89 4 -3 1 2 .5
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Table 6. Mean daily wind speed and direction (60 cm) for Lust River
yucca site, June-August, 1976, ,

SW W S SE . E NW
Lost River
site mean wind ' '
speed (km hr 1) 11 10 8 8 5 7.1
Days for wind o .
‘,direction (%) .63 -6 3 23 23 6

4

N



Table 7. Comparison of 1976 mean climatic factors from Lost River -

yucca site and Onefour.

the Student t-test where P<0.0S*%,

Differences were calculated with
P<0.01**, and Px0.001%**

Lost River- . -

Month '
May June July August
Mean Daily Temperature ( C) o
Onefour - 15 13 : 15 12
Lost River 15 16** 21%** 20%%*
Msan Daily Maximum Temperature
Q)
© Onefour 21 20 27 27
Lost River 24x%% 23k*% 32%*% 32x*%
Mgan Daily Minimum Temperature ' .
(C) b
Onefour 6 7 12 12
Lost River 6 10%%=* 13 13
Precipitation (am) :
Onefour ' ‘ . W76 11.6 1.7 3.0
Lost River ' .43 10.3** 2.2 3.0
Mean Wind Speed (km hr ) .
. Onefour - 12 : 10 10
g% 7Rk g%

30
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higher further inland (3-10 km hr—l); The anemometers were at different
heights above the ground (0.6 m at the Lost River Site vs 10 m at Onefour)
which may have contributed to this difference.

Camparison Was,madé between the Onefour 1976 summer climatic data
and that from 1962-75 (Table 8). In general, the suimer was codler in
11976, although a greater number of sunlight hours was recorded. In June,
precipitation results showed a Z-fold increase compared to past years.f

Until June, less than average precipitation fell.

Microclimatic Profiles for Yucca and Non-Yucca Sites

Air Temperéture

Monthly mean témperature data taken at 0900 and 1430 hr show that
profiles for yucca and non-yucta sites were similar, varying 1%
between 0 énd 100 am. Tempefature'was fairly uniform from 2 té 100 am
at 0900 hr, but tended to decrease with heigh; above the ground by 1430
hr (Fig. 9). This campares with ofher'grassland studies which reveal
how heat ténds to be absorbed and accumulated in the soil during the’
day so thét by mid-afternoon the region nearest:the groﬂnd‘is warmer
éhah the above layers CBaum 1949,/Ayyd and Dix 1964, Geiger 1966,
Whitman 1969). |

Soil Temperature

Mean monthly soil temperature profiles were similar for yucca and
non-yucca Sites, varying by not more than 1°C between 2 and 60 cmn. A
diumal range of SOOC“bften occurred at -2 am (Fig. 10). Peak soil
" temperature at all depths was reached in July (Fig. 11). The high of

48°C was reached at -2 am during July and the low of 14°C was reached



Table 8. Camparison of 1962-75 with 1976 climatic data from Onefour.
Differences ‘were calculated with .the Student t-test where
P<0.05*% P<0,01%* and P<0.001%** :

-

‘Month
Climatic Factor - May - June July August
Mean Daily Temp. (°C) ' '
1962~75 11 16 20 19 .
1976 ) (15%*% 13%*% 15%*% 12%**
M8an Daily Max. Temp.
(C) . '
1962-75 17 22 27 26
1976 , 21%%% 20** 27 - 27
Mgan Daily Min. Temp. '
Q) .
1962-75 , . 4 9 12 11
1976 - O***% . 7* 12 12
- Radiation
(sunlight hr) '
1962-75 . 248 255 338 290 .
1976 353***  261% 378%kx  270*** o

Precipitation (am) ‘
1962-75 3.9 6.0
1976 JTOR*  1]1,6%** T

—
[ ] -
~No .
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S
in May. The absolute minimum temperature of 11°C was recorded in May

at 60 am.

Wind

As previously indicated, southwest win,ds predominate in the area.
There is a relationship betwern direct'ic_)n* of exposure'lto ;he prevailing
southwest winds and wind speed (Fig. 12). -Slopes facing west are subject
tb stronger winds (B'eayt‘:y 1975).

Wind profiles vary with wind direction for the yucca and non-yucca
sites (Fig. 13 A, Bb, and C). Mean wind speeds were similar for both
sites when winds were from the southeast (A). As winds changed to a
more s;)uthem direction, they were génera_lly higher for non—ﬁcéa sites
(B). This differencé was even inbre pronounced when winds were from.
the southwest (C). Based upon spot readings, mean wind speeds were
" 7.5 and 2.6 km hr—‘1 for non-yucca and yucca sites i'especti{rel?i“ at 2 an
above the surface. At 20 and 50 cm, mean wind speeds were 19 and 26
km hr-l{ respéctivgaly, for the non-yucca and 5 and 10 km hr 1 |

Tespectively, for the yucca site.

| Glacial till is the parent material for soils‘of the plains adjacent
to the Lést River yucca population. The exposed coulee sldpes have a |
camplex 6f erosional, depositional, and cblluvial materials cambined with
same bedrock exposures. Soil profiles for both yucca ard non-yucca sites
are regosolic in nature. They have an A, <10 an thick and lack a B
horizon (Canada Soil Survey Committee 1974). Two different soil

profiles occur for the non-yucca sites. The most cammon has a shallow,
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soft to slightly hard, single grained horizon to a depth of 20-30 an

(Ck) followed by a hardpan’'with very course, strong, subangular blocky
structure having a bulk density of 1.92 (Ckx) (as determlned by the
Alberta 50115 Survey Laboratory) (Flg 14). Tbe colour of the Ck horizon
is brown (10 YR 5/3 d) ®to dark brown (10 YR 3/3 d). A few very fine,
fine and medium roogs occur in the upper 20 am but are not present in
thé‘hardpan léyer. The second type of soil is similar to that of the
yucca.sites (Appendix A). ’

Depth to hardpan was.ofgnificantly.less on the margin of yuccé and
non~yucca-sites (Table 12). It was often found at depths less than 40 am
but dio occur at greater than 100 cm.

The profile of the yucca site consists of a single grained structure
- to a-depth of 100 + cm (Ck) (Fig. 15). Abundant fine and medium roots
penetrate into the Ck horizon to depths of 80 am. The colour of thlS
horizon is pale brown (10 YR 6/8 d) (Appendix A).

Profile description for the Milk Rlver yucca site is the same- as
descrlbed for the site on the Lost River.

Soil pH, CaCO3 equivalents and $ organic matter for yucca and

non-yucc.. sites are given in Table 9. Soils of both sites are moderately

alkaline with.an average pH of 8.0; CaCOs equivalents range from 4%
to 9%, the difference between the sites being minor. Organic matter
contonts ~re lower for the non-yucca sites at both depths but the limited
data did n- - permit statistical analyses. These data show that yucca
and non-yucca sites are similar in‘pH and CaCO3 equivalents but differ
in organic matter accumulation which corresponds: to the difference in
plant cover. _ ' L : B
Texture analysis (Table 10) showslargreater percentage of sand and

silt to be associated with yucca and a greater percentage of clay with

B



Figure 14. Soil profile fram non-yucca site showing
‘ hardpan 20-30 cm below the surface.

40



Figure

15. Soil profile from yucca site showing sandy texture to
a depth greater than 100 am.
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Table 9. Soil pH, CaCO, equivalent and organic matter for two yucca . o
(Y) and non-yécca (NY) sites within the Lost River study
area (n=12). L) '
H
| e Site 2
Soil Depth (cm) Y NY Y NY
2-5 /M/ 8.1 8.2 7.9
10 8.1 " 8.0 8.2 8.1
20 8.1 8.0 8.0 7.9 |
40 5 8.1 8.0 8.0 8.0
60 N 8.1 8.0 8.1 8.0
100 8.0 - 8.0 8.0
CaCO, Equivalents (%) o
2 7 7 8 7 e
5 7 9 7 “ 4
20 8 8 6 8
40 8 7 7 8
60 8 6 5 -6
Organic Matter (3)
0-5 3.5 1.7 1.8 1.2
20 - 1.5 1.1 1.8 1.1



Table 10. Texture analysis for Lost River yucca (Y) and non-yucca (NY)
pl ts (1 & II) including tex;pre class (n=12),

olte S011 Depth  Sand ~o1lt Clay Texture
(am) (%) % (%) Class
Yucca 1 5 75 15 10 SL
’ 100 70 18 - 12 SL
20 62 24 14 SL
40 60 22 18 SL
60 64 20 16 - SL
100 64 28 8 SL
Non-yucca I . 5 64 12 24 SCL
10 66 10 - 24 SCL
20 64 12 24 SCL
40 . 64 14 22 SCL
60 64 12 24 SCL
Yucca II 5 72 16 12 SL
10 72 12 16 SL
' - 20 62 : 26 12 SL
40 84 10 6 LS
: 60 92 2 6 S .
- - 100 82 12 6 - LS
Non-yucca II 5 78 10 12 - SL .
10 66 - 18 16 SL
20 68 18 14 SL
40 68 ‘ 16 - . 16 SL
60 64 14 22 SCL

100 92 0 8 S
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non-yucca sites.

Mean monthly measurements of soil water contents are low (7-8%)

t difference between sites (Fig. 16 and 17). Soils
were generalf§fm ister during the spring and early summer than in mid a
‘to late summer. Jime was the month of highest soil water content at

both sites, again reflecting the high rates of precipitation.

Associated Vegetation

‘ﬂ(‘§

- Diagrams of yucca and non-yucca plots show the distribution of

Yucca glauca (Fig. 18 A and B, Fig, 19 C and D). The degree to which

the slopes are oriented away frorm a direct southwest exposure tends to
influence density of the two species. In yucca site i, Y. glauca is
more abundant at the NE corner, tending to become mofe_épa:Se toward
the western part of the plot where tﬁe non-yucca site begins. Yucca
site_II differs iﬁ having greatest distribution of yucca along the top
of the plot, becomingigradually less toward the bottam.

Both species nunbers and cover are greater on yucca compared to

non-yucca plots (Table 11). Eighteen species were found on the yucca
»

sites compared with fourteen on the non-yucca. Muhlenbergia cuspidata

is of greater importance on yucca plots, while Stipa comata is more

important on non-yucca areas. Bouteloua gracilis has a greater cover

and importance value on yuéca sites. Phlox hoodii, Hymenoxys richardsonii,

and H. acaulis which occupy more exposed areas on the prairie are more
important on the r..; ricca sites. Mean total cover is greater on yucca‘

sites, beinggp: " cor :ve7 to 48% for non-yucca plots.



Figure 16. Mean water content at -2 to ~-60 an for May (a), June _
o~ (b), July (d), and August_(c), 1976, for the Lost Riv-
- er yucca (2) and non-yucca (1) sites. (m=24).
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Morphological Studies
The Shoot and Flowers

In southern Alberta, Yucca glauca occur both singly and in clumps.

Glumps consist of shoots growing from the pArent rhizome, dead plants,

and old flower stalks. The average T of shoots per clump was 3 + 1,

but as many as 14 were recorded. Mean plant height (top of.leaves) was

N

22 + 6 cn. A maximum height of 35 cn was made for several plants. Mean
leaf 1en§ti‘wasv30 + 5 cm, but tﬂis‘ﬁeésurement could vary fram 8 to 45 am.
Leaf width'varied from .3 am to .7 am. |

" The plants in Alberta are generally smaller in size than those found
teward the southern extent of their range. Mean leaf length further south
is 50-70 cm; and flower stalke are between 88-125 cm. Floral parts also
tend to be smaller (Webber 1953) (Table 13).

hUndergrQund System . ' /“

. {
lauég\;;;;ists of a large rhizome

The underground system of Y.

orlented vertically, then turning
half way down its total length /This is a general morpholog1cal feature
regardless of soil type. Numerous rootlets project in a horizontal 4
direction fran this rhlzome penetratlng the soil for up to a meter in
length. The rhizome, 1nc1ud1ng rootlets, is a reddish colour, about 3
mm in diameter, with the rhizome ending in a whitish knob.

Depth of penetration of yucca rhizomes is significantly leés at
the margin of yucca“sites where hardpan often occurs at less than 50 cm
from the surface (Table 12). Rhizomes,may grow to a depth of 50-65 cm

in the centre of yucca sites compared to 20-35 cm on the margin. They

penetrate only the top few centimeters of the hardpan layer before they



Table 12. Influence of hardpan on growth of Yucca glauca on margin
campared to center of yucca site I. Numbers represent
mean values where: P 0.05%, P.0.01**, and P 0.001*** (n=15)

(#SE).
Centre of Yucca Margin of

, Site I Yucca Site I
Depth to hardpan (cm) | 100+ 47%**+9
Yucca rhizome length (ém) i31i5 70%%+12
Yucéa rhizome depth (am) ‘ 56.2+2 34%%% 45
Plant height (cm) 3042 2423
Leaf width (am) 5+,2 5+.2
Number flower stalks 7 2+.73 1*+.3

Number plants in clump - 3£.32 1*%+,16.
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Table 13. Floristic comparison of Yucca glauca from southern Alberta
(49 N. latitude) and distribution centre (ca. 40 N.

latitude) (Webber 1952).

e
—

Plant Characteristics
(Mearr Values)

‘{-.Extent Distribution
V. Ylat.) (ca’ 40CON. lat.)

Centre

Number of flowers pér‘ﬁfén%t"
Height of flower stalk (cm) (n=15)-

Sepal length (cm) (n=40)

Sepal width (cm) (n=40)
Petal length (cm) (n=40)-
Petal width (an) (n=40)
Stamen length (ém) (n=30)

Pistil length (cm) [n=40)

1.5

2.8

3.7
2.1
3.3
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turn to a horizontal positibn and grow along the top. Although the
hardpan impedes rhizome growth, it does not influence shoot growth. Mean
plant height and leaf width were similar both in the yucca site and

toward the margin. More plants had flowered and there was a greater

nunber of clumps in the centre of the YUCCR site (Table 12).

Leaf Water Potential

Both soil mois%yre levels and ‘absorption.capacity of the roots in
addition fo potential leaf transpiration interact cohtinuously in
determining the leaf water potential (¥ leaf) (Slatyer 1967). Leaf
water pofentigls serve as an indicator of the relative moisture status
- and the efficiency of the plant to obtain and store moisture.

The fluctuation of leaf water potential with precipitation is
shown in Figure'ZO. June was the period of greatest rainfall, highest
soil water coﬁfents and highest leaf potentials (-2 bars). As the soil
dried out dufing July, leaf potentials decreased reaching a low of -25
to -27 bars in mid—July; Thundershowers were common during the latter
part of July and‘early August having little influence on soil moisture
which remained at low levels. The intense rain froﬁ these thunderstornS
were sufficient to raise leaf water potentials to -5 bars during early
August. As shower activity decreased through August, so did leaf water

potentials.

Seed Germination

Germination of Yucca glauca seeds has been reported by McKelvey
(1947), Webber (1953), Arnott (1962), and McCleary and Wagner (1973).
The seeds areiflat,>b1ack, asymetrical, with a hard tough seed coat,

relati -1y small emb?yo and abundant endosperm,”-ThoSe obtained from
J

\\\ //



Figure 20,

LY

Fluctuation of leaf water
from May 15-August 31, 197
means (n=4).

potential with precipitation,
6. Dots (.) represent 7-day

Q
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southeastern Alberta have a mean length of 12.: 2 mm, width of 9 + 1 mm
and were 1 mm thick. They contain no starch, same lipid, a vascular

bundle, and a bundle lacuna (Arnott 1962).; -
Throughout the range of Yucca glauca, germination and seedling

success is low (Webber 1953). Many ,Of the flowers in southern Alberta
fail to produce séeds because of damage by wind, rain, or hail.. Many
" seeds are consumed, by the yucca moth, rodentss and birds, or are washed
onto erosion chamnels to be buried. . Rainfall‘ is 1rregular in soi.Jthem
| Alberta, as it is throughout the ramge of the plant, which also limits
gemmination and establishment of seedlings. Yucca seedlings are
extremely slow in grawth. They retain their grasslike juvenile leaves
for over a yeal", during which t:imeA they are susceptible tc rodent and
_insect damage (Webber 1953). |

Seeds obtained fram the Lost River site gemminated after 2 days
with maximum nmbér of seeds germinating after 10 days ~:dicle length

, .

increases rap® .y, approximately 4 mm each day. Maximm germination
occurred at z0°" (92%) (Table 14). No significant difference in
‘germination occurred fram 16 to 24°C. - There was a .sig;ﬁficant‘
- influence of temperature on germination t’I‘able 15). A nonsignificant

difference in seed germmination occurred between replicates (Table 15).
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Table 14.

¥

-

e

Percent geiminal *‘ﬁm of Yucca glauca seed at various
temperatures- (underlmmg refers to nmon-significant
dlfferences) (n—90)

8,

" Temp. (°C)
Génrn. (%)

0 5 10 14 16 18 20 24 28 37

- - - 16 69 90 92 88 66 3
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Table 15. One-way analysis of varianée for seed germination.

A. Treatment

Mean Square F value P=0.01
Treatment 165.32 17.35 4,30
Error - 9.53
B. Replicates ﬁ%

Mean Square F value P=0.01 N
— . +
Replicates 67.01 1.40 6.11 ‘
Exrror 194,03

[

N
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DISCUSSION

Habitat of Yucca glauca in Alberta

Study Area

Aspect of prairie eiopes has been reported to ihfluence the péttern—
ing of plants through changes in soils and microclimate (Aikman 1941,
Dix 1958, 1960, Cooper 1961, Ayyad and Dix 1964). It also determines
the northern limits of disfribution of a species when the"environﬁent is
within its tolerance limits (Boyko 1947, 1949, MeMillan 1959 B). As with

a . . PO
“'numerous species, Yucca glauca reaches.its northern limits on wamm dry

and south facing slopes. In Alberta, the species is located along portions
of the Lest and Milk River coulee faces. Differences in orientation of ~
the coulees leading to variation in slope exposure can be related to its
distribution. For the Losf River yucca poﬁulation,.the species occurs
where slope aspect is south to east. The'sﬁecies does not occur where
the slope exbosure is southwest to west (non-yucca sites). Of the :
microclimatic parameters measured, there appeared to be a relat10nsh1pqir¥
between the prevalllng southwest wind speed and occurrence of Yucca.
~Wind speeds (mean values) were 65% higher‘§t42 an, 73% at 20 an and 62%
'kreater at SO—cm on the non-yucca sites than on the yucca ones. A~
reiationship exists between southwest wind speeds and sheet andvgully |
erbsion on the southwest exposed coulee slopes, drier_conditions, and
more sparse vegetation. -

With the exceptlon of wind speeds the mlcrocllmate along the Lost
Riverw yucca site was quite uniform. Sunmer c11mate, based on May through

August, 1976 observatians, was characterized bx(high solar radiation o

(range 144-1181 cal cm-}2 day'l, summer mean 697 cal cm™> day-l), high
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temperatures (range 2 to 26°C,,summer mean 189C), low precipitation
(range from 4.3 mm in May to 103 mm in June, summer mean 40 mm), moderate
wind speeds (range 2-13 km hr'l, summer mean’ 8 m hr-l), moderate
relﬁtive humidity (range 35-100%, summer mean 61%), and a high percent

of sunny days (53% of summer season). Air and soil temperature profiles
varied by not more than 1 C between 0 and 100 am for the yucca and non-

' yucca sites. Mean daily and mean maximum temperatures on the prairie

(as recorded further inland at Onefour) were generally lower (3 to 8 C)

than on the Lost River coulee face. Winds were ﬁsﬁally higher further

inland (3-10 km hr-l). Precipitation was similar at the two stations.

Adaptive Features of Yucca glauca

The growth form of Yucca glauca is smaller at its northern limit

than near the centre of its range (McKelvey 1947, *Webber 1953). Leaves,
flower stalk floral parts, and other morpholog1ca1 features are all
smaller. It was not deténnined whether these morphological.differences
were an ‘ecotypic differentiation for adaption to a cold climate or

merely a non-genetic response to the effects of limiting factors.such

- as 5011 nutrltlon soil moisture, temperature, and length of grow1ng

season on plant growth (Halns 1941, Braddshaw 1960).

Plants were;often observed in climps of several shoots growing out
from a single rhrzome Persistance of dead shoots and flower stalks con-
-tributed to the sxze;of clumps. Ihese clumps could act as w1ndbreaks .
for the accunulatlon of wind- bldwn %pow Snow pattern is influenced
by the high winds of the hixed pralrye. These sweep the ‘powdery snow
from uplands blow1ng it to leeward slopes (NeaVer and Albertson 1956,

‘Longley 1967). It 1nsu1ates the merlstematlc tlssue from wind-blown

"')
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abrasive agents and low winter terperatures which prevail-in this region.
Snow has an extremely low thermal conductivity givihg rise tollarge
vegFical temperature gradients where cover is deep (.6-1.5 m). Snow
surface temperatures may be -20%C to -35°% yet the temperature near
ground surface is seldom below 0°C (Geiger 1965). In spring, the snow
conrributes moisture for seed germination.and for growth of shoots
(Beard 1964) .

~ Mature plants are characterlzed by an oblique or horlzontal rhlzome
penetrating the soil to a depth of 1-1.5m (McKelvey 1947, Webber 1952,
-and Weaver-and Albertson 1956). Numerous rootlets project in.a horizontal
direction from tuis rhizome. As the rhizome matures it becomes more |
swollen, covered with a smooth reddlsh brown epldermls and has a
protostele vascular structure

Clumped shoots the long horlzontal rhlzanes and plant 10ngev1ty

together contribute to plant stability and modlflcatlon of the habitat

by this species. As with snow, wind blown soil may ac‘]ff

wind breaks created by Yucca and associated'épecies su&ﬁ%as Artemisia
cana and the various‘grasses. The stable nature 6f'these long lived
,perenniale can continuouslj help to piotect the'eoil frum'further eroeion'
by w1nd and water and aid in preventing exce551ve water loss through
evaporatlon This leads to further cormunrlty rlchness from other

plants and animals that rely on this stablllty for theerown development

(Campbell 1932, Webber 1953).

Soils
T Within the two Alberta populations, Yucca is restricted from

certain sites (non-yucca sites) by differences in soil depth and water
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availability. Where the\ngeral aspect of the coulée face 1is couthwest
.to west (Fig. 5), a hardpan| layer is often present at 20-30 amn. The
hardpan has a h1gh bulk ity and is impen- trable to yucca rthizames.
On the 1eeward side of slopes or where the couleevhas a south
exposure, < ils are a single-grained sanay texture. On these sites
'yucca thizomes penetrate to over 100 cm in depth. At the margin of
these yucca sites, toward the non-yucca afeas; hardpan often occurs less
than 50 an below the!surféce.. 6epth of rhizome penetration in yucca
sitec is over 20 cm greater chan for plants occurring alohg the margin
of these sites. Aé the hardpan becomes closer to the surface toward
the centrenofi%he non-yucca sites, the‘shallow depth for rhizome
penetration results in de551cat10n or ‘uprooting by wind of the plants. '\
It 1s felt that the progre551ve change 1n,§gpth\§o hardpan from yucca
to non-yucca sites is a result of the pcevéillng southwest winds removing
soil from southwest exposed'slopes, and deposition occurring on the
lee sides. gigh wiqg_spéeds were-recordéd,Mgnd_soil removal\zcs observed
during the summer of 1976. Sheet and gully erosion on the more equseqv
slopes may also contribute to'shallower profile above the hardpan. 7
Thq schdy soils of the yucca sites have a deeper profile and
therefore'more available water than the non-yucca site due to their
greater infiltration, and thus slower evaporatlon (Terwilliger 1969,
.Redmann 1975). With the low soil m01sture levels durlng the summer, it
was found that sufficient m01sture_was available for plants on yucca
sites during most of the season. This was not so with hardpan soils
associated witg'ncn~yucca areaé. Thesg'soils supported fewer species
and had a lower'tqtcl plant ccver (Weaver'énd-Darling 1949, Box 1961,
Mueggler and Harris 1969). | N
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Seed Germination

Seeds of Yucca glauca require relatively high temperatures to

genmiﬁate. They will germinate throughout the summer seasén whenever
moisture is not limiting. Optimum;gennination temperature for Alberta
planFs was near 20°C (92% germinétioﬁ). Sixteen pércent.geymination at
14°C and no gemmination occurred below 10°C. " For individuals growing
in the centre of its range, the optimum germinating temperature is
higher. Webber (1952) reported Y ~glauca seeds genninated in 4 days

at 28-32 °C.. He does not specify percentage of seeds gemminated.
McCleary (1973) reported that 100% germination occurred at 25°C with
a median time of S.S days. At 209C, 80% germinated, 12% at 15°C and

7% at 10°C. As seens likely for a speéiés growing at the northern end -
of its range, Y. glgggg_is adapted to somewhat lower temperatures during
its growing season. Temperature requirements for germination most |
certainly influence the species distribution in Aiberta, but the

degree to which_this is a major limiting factor is uncertain. -

Leaf Water Potentials

Yucca glauca appears to be able to tolerate a range of moisture

conditions. Leaf water potentigls fluctuated from a high of -2 bars
iin June to a low of -25 bars in mid-July aS soil moistﬁre decreased
through the season. The -low leaf Qater potentials reached in mid-Jul?'
are ﬁot exceptiohal for a xefoﬂhYte living,in.arid to semi-arid .

" conditions. Nobel (1973) stated that the range of values for most
mesophytes was -3 to -30 bars with -5 bars being typical for leaves

of garden vegetables such as lettuce. A few desert spec1es can develop

leaf water, potentials as low as -50 bars. '
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It was found that leaf water potentials measured for different
| leaves of the same plant shoned considerable varidtion. Potentials
for leaves from one plant ranged from -7 to -10 bars. Much variation
occurred among plants. Two plants of approximately the same size growing
next to each other gave readings of -12 and -15 bars. Repeated measure-
ments of leaf water potential are needed to understand the relative
. state of water in the plant in‘relation to seasonal soil moisture

fluctuation.

" The Yucca Moth

In addition to climntic factors, the northern distributien of Y.
glauca may be restricted by the range of its insect pollinator, the
yucce noth. Several species of moth are reported to have a mutualistic
relationship with yucca species. In Alperta, the moth is Prodoxus

quinquipunctellus. Webber (1952) and Powell and Mackie (1966) discussed

how bothlaafh and’ plant are dependent on each other for survival.

On (Q\\Lost River site, Yucca glauca flowers in early to mid- July
Only at this tlme\can the mogh be found, singly or in groups, inside
- the flower. The moth is quite sny'in daylight, venturing outside the—
flOWer only from dusk until sunrise. » o
The moth collects pollen in the form of pollinia, frequently forcing
it down the stlgmatlc tube of the yucca plant. They are believed to
7fly from plant to plant enabling cross pollination, but this is not
certain (Powell and Maekie 1966). While engaged in pollination, the
“ moth will often (but not always) thrust its‘ovipesitor through the
ovary wall and léy eg§s (Webber 1952). Seeds of yuccas are produced

_in tiers and the moth larva survives by eating'its way . through a tier of
. . N
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seeds. In early fall the larvae burrow out of the pod and crawl to ﬁhe
ground where they overwinter (Powell and MacKee 1966).
It is uncertain whether cross-pollination can occur by wind, another
- insec£, or any agency other than the yucca moth. Plants grown in gardens
ﬁorth of the two Alberta populagions flower, but no seed pods fomm or

~were moths observed. Powell and Mackee (1966) reported that no pods

were produced for Yucca whipplei plants flowering beyond the range of
the moth. They discussed experiments where the flowers have~been screéned -
from‘pollination by the moth, but other agencies allow to enter. Here
there was little success in pod formation.

Few studies have been undertaken concerning the moth-yucca
relationship and little is known of themothi;/%cology. For example, it
is unknown how sensitive the overwintering moth larva is to low winter
temperétures. How the moth aétually influences the northern.distribution
- of Y. gladca is still open to speculation.

.
Sumary

~ Wind speed in relation to soil and spaw movement are probably the

"~ two majgr factors influencingithe distributién of Yucca glauca along

“Jthe coulee slopes in southern.Albgfta. The :h wind speeds on slopes
exposedvtohfhe prevailing southwest Qinds can remove the sandy soil,
This phenomenon was observed during the 1976 sumer. This and water
érosionvhelps account: for the brogressiVe depthsto the hardpan from
(20-30 an) on the non-yucca slopes as opposed to tho#e with Yucca where
the hardpan is 100+ c&. This hardpan has a high water reténtion
potential and high bulk d‘en%\(l.QZ) -being imb_enetrable‘ to the rhizome

of Yucca. The rhizome must;érow élong the surface of this heyizon being
. i ] ' k=3
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subject to dessication and uprooting by the wind in areas of shallow
soil. Lower water availability also retards seed germination and
seedling growth on these sites.

On slopes in the lee of, or protected from direct southwest
eXposure, dense populations of nggg occur. Here rhizome and moisture
penetration is deeper in the course textured soils. This leads to better
support and greater water availability during the growing season. In
winte -, snow accumulation on lee slopes offers protection from winter
temperature extremes and contrlbutes moisture for plants in the sprlng

It is stllg uncertain what factor, or set of factors, are actually

=

respon51ble for restrlctlng the species from mlgratlng further north

Agriculture, 1nc1ud1ng cultivation, would limit spread. E-ology of

the yucca moth is still‘uﬁﬁnown and the northern range of the plant
may be restricted by the moth's inability to tolerate certain environ-
mental factors further north Hopefully future work will be directed

toward this latter problem thus SOlVlng one of the ba51c questions of

-~ the autecology of Yucca_g;auca

.1

.
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App . A: Soil profile description for Lost Rlver yucca and non-
yucca sites. .

Yucca Site (I § II):
fe ‘

LN
v.““

Horizon ye ’ E (cm) ; Description

Lo

Ank _ ¥ Brown*(10 YR 5/3d; sandy loam

. semidecomposed organic matter;
abundant fine and medium roots
moderately calcareous; abrupt
smooth boundary, moderately

‘alkallne.

L3

Yellowish Brown (LD YR 6/8d);
sandy loem, single grain; soft to
.- slightly:« hard few very fine, fine,. .
J "and medium roots ) erately o
' S 5 calcareous moderateijgalka}lne, s

Non-Yucca Site (I § II) o S : - T@ 501b

‘PJE

hk ' 0-2  Pale Brown (1@?& 6/3d), semi-
R S . 7 decomposed organic matter; veer o
R few to few, very fine to fine &% J - .
e : ‘ roots; moderately calcargous
: ' ‘ abrupt smooth boundary, moderate¥y
' . -~ alkaline. ™ . .

gk' o » 2-20 - .Yellow Brown. (LiéﬁR 6/8d), sandy
A . y o clay loamy 51ng &igrain; soft to
R A SRS — slightly haxd ;; -&eW, very fine,
. SR W R "~ % fine and mec ,rOOts some stones;
moderately calcareous moderately
- alkaline. . e’

kx : ' 20-60 |  Brown (10°YR 5/3d) to Dafk Brown

. 10 YR 3/3d); sandy clag loam; very
course, strong, suban T blocky, ,
extremely hard; some stones; moder-
ately calcareous; moderately
alkaline. F



