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-”_@ The autecoiogy of Hudsonia tomentosa Nutt., was studied in the -

Pinus banksiana/ciadina mitis lichen woodlands of northeastern _‘?

Y 8

@:Alberta.‘ Hudsbnia was found throughout the study area\bn stabilized

liahd unstabilized aeolian landforms and was determined to be the major ‘

.gddminance. ; S

: :~'disperses ihto oxen sand either hy outward expansion of a.
‘\

.

L 4

P ’

e pioneer speciesfsf disturbed open sand sites such as roadsides, ‘burn

/

fsites blowouts and large dune systems (e. g.»the Maybelle River Dine

N

' .System) Revegetation of these sites always occurred after Hudsogia ‘

Woe
=¥ : . B
T . . B .

Hudsonia is a dwarf semi-evergreen heath-like shrub which o

[

Telone-forming habit or by wind aided dispersal of seed containing

fruit. Seeds are é lasting and tend to collect inolarge numbers in »

slight depressions. ff" L _¢"f - ;e\.'
: o . . - : .
Hudsonia s role in changing vegetation patterns was related to its.

‘capacity for dune building thereby altering local microclimates and to

~

;'its role in providing substrate for lichen attachment. Decline in

' open, xericg nutrient poor: sands.

.’, -

_'Hudsonia dgminance coincided with lichenization.« The xeric nature-of

fthe study area, the rrequency of disturbagce the presence of'ridge

'top blowouts and large open sand dune systems and the high carbon '

" -

;,'allocation to reproduction ensure local prominance of Hudsonia.

In this. theSlS several autecological characteristics of Hudsonial

are described which relate to its ability to colonize and thrive on :

<

~ LR
. .

>

\ S . el

- o i] . (iV)if
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In terms of the xeric nature of these’ sites, Hudsonia was able to

’ control its water relations and followed seasonal and diurnal patterns_

L T

similar to many temperate zone broadleaf evergree, ahrubs. Mid-day

- Hudsonia exhibits preferential maintenance of plant water status

within a plant which ensures the longevity of at least some plant * //

*parts during periods of severe moisture stress. . )
@ . ° a ¥
This study has determined that Hudsonia possesses a free-living

';nitrogen fifing microbial association. Hudsonia was the only vascular
. K 3

~plant for which nitrogen fixation was,detected Although rates, as

\

,measured by acetylene reduction, were low (maximum rate of 1 nmole:

l \J

"(C Hu.g soil ), they are probably significant in these
~nutrient poor sands. Seasonal variation in rixation was largely
explained by a 30$ soil water content optima anJ a 28- 33°C temperature

.optima. Blue green. algae (Oscillatoria, yngbya, Nostacaceae-type and

Migrocystis were isolated) appear to be responsible for the nitrogen
%fixation detected in the buried phyllosphere and rhizosphere of
.Hudsonia. This free-livihg nitrogen-fixing blue green algal

association i's unique to Hudsonia and warrants further investigation.

'Hudsonia nas able to withstand.moderate levels of sand movements

(depositional and'deflation) Not only was Hudsonia able to withstand
sand depcsition, its net annual production and mean length of

: N
vegetative growth were stimulated by deposition. This ability may be

A . . -
’ »

< T Bl



the~eingle’most-important Fectorldetermining why Hudsonja and not

o

other native speciee, e, g. Embetrum nigrum, are colonizing these open

- .
~

/eande. Hudsonia exhibited a flexibility in growth and carbon

allocation patterns in respose to a varied pattern of sand movement.
!
As much as 95% alloeation to vegetative growth and 87% allqcation to

reproductive growth were found.
$ : '
- The findings were-summanized‘in a word model depicting the fate of

o

Hudsonia in the Pinus-lichen woodland. The importance of Hﬁdee @‘
—'-ﬁ —— - R - -

relation to Pevegetation of Alberta's 01l Sands was noted.

N
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 INTRODUCTION

? : = . : . i

" The development of Albertd's oil sands has.generated a

'considérable amount of -interest in the'ecology of northeastern

Alberta.“Until'this”time5 neither the climate, hydrology, nor the

'vegetation had been studied to any degree. tne of the’maJOr concerns

4‘that developed was the long—term stabilization of disturbed Alberta

it

oil sands. Large masses of sand (a byproduct of ofl extraction) would

o
have to. be sta ilized in order(:; avoid*the development of 1arge

J o : . .
active sand dunes within the rea."Several studies‘wertxinitiated by

“1ndustry and provincial agencies to determine the proper plant species

“and techniques required for revegetation. An_important consideration,

,apparently overlooked <was the identification of'which native‘speCies :

‘areas. A preliminary field survey (in northeastern Alberta) by Drs..

in the %rea were capable of colonizing and stabilizing large open sand

1

L.

' Bliss and Mayo to determine the species and their autecological

character<lead-to the realization that Hudsonia tomentosa Nutt. was a

major colonizer of open sands (Plate ). Field Observations indicated '

]

: that exceptional growth of Hudsonia (Plate 2) took place in these

Ixeric, nutrient poor sands. ThlS'theSlS was.undertaken 1n order to

tdetermine the autecological character of Hudsonia which allowed/tt’fB’/f

‘colonize, ‘thrive and stabilize these areas. It was hoped that-

'findings would provide important information regarding Hudsonia s

assist,in the selection’of.plant characteristics required for

adaptation to water, nutrient and sand movement stresses which could

co . S . : : Pl
stabilization of worked;oils sands. ' N



o

Plaﬁe 1 Extent of:Hudsonia colonizatioh and stabi;ization at the
Blowout study site. : L A
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Plate 2 Exceptional growth of a single Hudsonia plant. The 15 cm
ruler is placed at a zone of adventious rooting from the base of last
‘year growth. This site was at the base of a strongly depositional
slope. ; . ’

Images en couleur
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H. tomentosa is a dwarf semi-evergreen heath-like shrub; 0.5 to'

2 dm highyand 2 to 6 dm 1n,diameter; f&rming.cioaed mats or singly
scattered. Leaves are altefnate, closely abpressed and covered by a
ﬁeavy pubesFence. Flowgfs are small, showy, short-lived'and have five
yellow petals and five sepals. The fruit is a oﬁe ioculed capsule,
few seeds with a persistent calyxv(Moﬁs, 1959). The seeds are noted
for their 'copious' endosperm.

.fThe genus Hudsonia ha; nét received much scient;fic attention.
The ngonémy has been”particularly confused. Hall (1956) and Skog_anq
Nickerson_(l972) have recoghized several subspecies and concluded that
H. tomentosa Nutt. was a subspecies of H. éricoides L. Other
subépecies of H. ericoides that were recognized in these studiés
.include subsp. intérmedia Peck., montana Nutt., ericoides and
éndersonii. Morse ﬂ1979), presents a convincing comprehensive beviqw
éf'the genus énd recognizes three separate specigé: H. eficoides, H.

‘ >
mentana and H. tomentosa. He suggests that a woody xerophytic

Heiianthemum'was.the bhyletic ancestor  of the genus. Also, that H.
tomentosa represents the most xerophytic extension (H. montana -- H.
ericoides -~ H. tomentosa) within the genus. The_following
;haraéteristics of H. ;omentoéa were ﬂotedlas significant xerophytic
variafions between the thrée‘spepies; reduction in leaf size and
pedicel léngth;.increase in'length of shorp shoot supporting flowers,
increase iﬁ‘the dgnsity of pubescence, and a promptly deéiduous
fruit. Morse (1979) also concluged that the three species exhibit

different site preferences even though a certain degree of overlap

n



OCcurs. H. montana is limited to quértzite ledges in the Catawba
‘Range, .near Table Rock, Burke C&!! NC. H. ericoides is not &ensely
pubescent, leaves although appressed are essentially free and flowers
are on slender naked pedicels 4 to 10 mm long, It is more shade
tolerant than_ﬂ. toméntosa and is more limited to inland sandy acidic
pine barrens fpom Delaware to'New Hampshire and Mainé to
vNewfouddland. H. tomentosa, on the other hand, is importantiiq
coastal dunes (éspecially involved in the stabilizaﬁion'of bafrier
island dunes) as well as,upland.sand plains:and’séndstone 6utc£ops.-
It occurs from southern Ontario northwest to Illinois,'Miﬁne$§ta and

Saskatchewan, north to northern Alberta, and along the coast from

Gaspé Penninsula through the Maritime Provinces and Maine to New

-

Hampshire. ’ .

Mprse (1979) reports an extension of H. tomentosa‘northwaﬁd up to
Great Slave Lake. He discusses four”possible areas of mid-glacial
ocecurrence wﬁich include’extgnsive shore areas/glong the Atiahtié
coastline, the Driftlesé Area of southﬁestern Wisconsin'én glacial
" outwash, ungiaciated land of Albérta‘and a small isolated site at
Panthérg Knob; Virginia. Based on pollén evidence (Brubaker, 1975)
from the icé border in Michigan and this nortbern extension of
Hudsonié, Morse/hypothesizes that Hudsbnia Qas a major colonizer of"
glacial outwash, and'spread into exteﬁsive sandy uplands. Howgver,
with time its rangé has diminished as sand deposits deflated or bééame
more densely vegetated. He sﬁggests t;at to a large extent its

current range is restricted to sandy sites of intermittent or

continued disturbance.



In this study only sites of H. tomentosa in northeastern Alberta
were studied, Site (physical and synecological), autecological, eco-
physiological characteristics are described in an q}tempt to better

understand where, how and whi Hudsonia is able to colonize and thrive

on tﬁese open sand.sites. In addition a free-living N2 fixation- -
association with‘Hudsogia is described. Hudsonia at the study sites
have characteristics similar to those described for g.'toﬁentosa and
have been identified as such (MObse-personal'commL). 5
. " N "j X
N, ' ! - 7 -
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S$TUDY SITE; PHYSICAL CHARACTERISTICS

INTﬁODUCTION _ o
Two study sites were located in northeastern Alberta (Fig. 1).

The 'Blowout’ site (Plate 3) was situated on a snall (0.03 km? )
terminal crest of a longitudinally qriented semi-stabilized dune (Tﬁp
104, R7, Wi4). The 'Dune' site (Plate 4) was located at a large (16
km®).active dune field (Sections 28 and 33, Twp 105, R6, W), .
designated as the Maybelle River Dune System by Raup and Argus ~/

(1982). These sites were chosen due to ‘the proximity of Richardson 'A’ ' | ,
Fire Tower airstrip (Sectibn‘?s, Twp 102, R7, wu)_and of an Alberta

0il Sands Envirdnmental Research Program (AQSERP) Reseaﬁéh project

: (Pneject VE 6.1, see Bliss and Maye, 1980)..

The Land Region (mapping scale 1:1,000,000-1:3, 000 000)

_ surrounding the study sites has been defined as Boreal Forest (Rowe.

1972). The climate is conzlnental w1thilong cold winters and cool
~short summers, or cold pemperate (nean tempenatdre for warmest month

>510°C; mean temperature for coldest nonth <=3°C, and less than 4

months with mean temperature > 10°C) according te the Koppen ' B ;a«ﬂa

classification scheme. The mean annual length of-g@rcWing season is

140-160 d (Rpwe 1972). JGenjAfv mdgpheric‘circulation is from west
to east, withzgp;er level air flow from WNW to ESE (Longley and Janz,
s . S , f _
1978). The m:jority of;thevprecipitation falls in the five summer
months (May to Sepéemben);“the mean precipitation for thié‘period:is

200-250 mm (Northeast Alberta Regional Commission, 1978). " The

moisture regime is defined as dry sub-humid (Rowe 1972).
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Pl&te 3 Aerial photograph of the paleé-parabol_ic. dune on which the
Blowout study site ( 6 ) was located. Scale is 1:40,000.
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Plate 4 'Aerial photo Qf‘Maybélle~Rivér Dune System.: The location
of ‘the mid-dune and southern transects (( )), and the meteorological

stations (M3 and Mj) are indicated. Scal® 1:40,000.



!ear'round’neteonologicai observations have been made- at two :
locations close to the, study area, Embarras (lat 58°12' -long.
‘lll°23', observations from 19M3 to 1962) and Fort Chipewyan (lat.
58°u61' long. 1ll°07',‘observat10ns from 1962 to present). Summer
time (Maytocgiitember) observapions have been made at Keane Fire

Tower (lat. 58° 9‘, 10ng..110°1?1, observations since 1964) and

Richabdson'Fire Tower (lat. 57°55' long. llO°58', observations since

1960) Due to the lack of data- for calculatlons of 1ongterm normals.
,(currently based on the years 1941-1970 by Env1ronment Canada),
Longley. and Janz (1978) have computed normals. for these sites for the

[

-ﬁ}me‘penlod'l958-1976 (Table 1 and 2).. In these caloulations, data

available from these sitesvare‘compared’to Fort McMurnaviycorrelatiod

factors'are’deternined:and then‘applied to the Fort McMurray data in
order to create calculaé%d values‘for'theae sites. Theseldata are
o ¢ R

then used for calculation of normals.

The climates of Fort Chipewyan and Embarras are quite'differenti

(Table 1), but will be used to represent the entire study area. Based-

upon NORMS, the hicroolimate ia ooldatemperate; mean temperature of
the warmest month (duly) is 16.S<to 17}3°C, and the coldest month

i (January) is =-22. N‘to -26.4°C, Annual mean temperatures range from
-1.1 to =2. 8°C with approx1mately 140<150 frost free d.yr l. Frosts
may occur at anytlme,»and the average frost-free period at Fort

McMnrnay lasts from June 15 to August 24 or approximately 69 -
consecutive days (Longiey and Janz, 1978). There are an average of 20
to 25 d with frost from May to September inclusive. Annual degree

Q
s

Il
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Table H..,zownrww temperature and precipitation NORMS for
- Longley and Janz (1978) for the years 1958 - 19
-50C multiplied v% number of days in the month.

.

Mean

o

‘ . . Total = Total Total
Jan  Fel Mar Apr May June July Aug Sept Oct Nov Dec  Annual Annual May to - May to.
- ) : Sept Aug
Mean monthly amxda:;.vmacmsmﬁcqmﬁonv : . S
a; -16.9 -12.7 -3.9 6.2 15.1 20.523.7 21.8 14.4 6.9 -4.8 -13.6 4.7 - - -
b -20.7 -15.5 -7.2 3.2 13.4 19.4 22.6 20.8 13.1 5.5 -6.3 -14.5 2.8 - - -
‘zmm: monthly sﬁs*aca,amatmqmncﬂmﬁonv ) v . o
a -27.9 -25.6 -18.4-6.9 20 7.3 10.8 9.2 4.2-2.1-13.2 -23.2 -7.0 - - -
b =317/ -27.7 -20.2-8.6 .12 7.2 10.3- 8.6 3.3-3.8-14.7 -24.3 -8.4 - - -
Mean monthly mean temperature (°C) R L
a -22.4 197 -11.2 -0.4 8.6 13.9 17.3 15.5..9.3 2.4--9.0 -18.3 -1.1 - - =
b -26.2 -21.6 -13.7 -2.7 7.3 13.3.16.5.14.9 8.2.0.9 -10.5 -19.4 -2.8 - = -
Number of days with frost |
a .31 28 - 3 25 N 2« 1 6 21729 3 - 216 20 14
b3 28 3N .27 B3 2 A .1 9 23 30 3 - 226 25 6
cmewmo am«w >5.0°C. o : ;
a0 0 0 -0 M2- 27 38 36 129 0 0 0 - 1215 1215 1086
b0 0 0 0 71 249 357 ‘307 9% 0 0. 0 - 1080 1080 984
,qoau_ precipitation Nasv ; o
a 10 . 9 14 14 36 53 73 52 52 .25 22 n - n 266 - 214
b 23 15 2 - 21 26 45 59 - &5 2 26 23 21. - 368 - 217 175
Number of days with precipitation . . ‘ ,
a N o9 7 7 0 10 10, 10 9 12 N - 116 47 37
b 6 5 6 4 5 7 8 '8 71 6 6 6 - 74 35 28
‘Mean monthly wind speed ?..._.1-:. o .
a  10.3'9.8 101 1.9 12,4 11,1 11,0 10.5 11.9 12.2 11.4 10.3 1.4 133 - -
. B

E—

yZ

Fort Chipewyan (b) and Embarras (a). Normals based on
76. Ummnmm.am%m\ﬂmwocwmnmm‘mm mean monthly temperature



Table 2. Summer temperature and precipitation from.1976 to 1979 for Fort

h ‘Chipewyan (a), Keane Fire Tower (b) and Richardson Fire Tower

(c). ‘Normals‘based on Longley and Janz (1978) for the years 1958-
1976. " Data source for 1976-1979 is Monthly Record of Meteorological
Observations. Degree days are calculated as mean monthly temperature
=50C multiplied by the number of days in the month. In April, degree
days are the sum of daily mean temperature -5°C. Incomplete data *,
no data available ( =) trace precipitation (+) are indicated.

rl

’ ) April - May : - June
@ ) Norm 1979 1978 1977 1976 Norm 1979 1978 1977 1976  Norm. 1979 1978 1977 1976

. Mean mnu\]y.tnperlturc (°C) . R _ ) o . T

8 -7 49 G151 46 7.3 5.8 7.3 10.4 J0.2 130 135 13.2 140 4.2
s - - - 6 PB. 8.4 13.0° 118 139 149 140 153 - .
Tttt - 86T B4 97030 N2 143 153 4.8 158 -

.. . Numbers.of days with frost . : :
a 27 25 24 20 13 17 9. &4 20 2 4 1 0

- e - - 1301 6 =0 0 0
S ST LI L R 2.8 6 --- 0 0 0 -

Degree days >5.0°(; . : : : ;. o

0 0 & -3 0 7125 7T 167 161 243 255 286 270 276
b - 0 - - - M2 8 106 248* 2 267 297 213 309 .

- 0* 35" " 454 - 112 105 146 254 192 279 309 294 324 -
~ Total precipitation (mn) I A '

8 21 28 338 4.3 7.6 2 9.4 19.4 9.6 23.6 45 17.6. 56.3 B4.9 64.8 "
- 70.7*0.6% - - 28 4.5 47.) 27.7*S1.6 S5 13.4 44.3 75.4 -
- 4" T4 40 - 2 8.8 38.8 57.5 35.6 54 389 511 437 .

Number of days with pnclpitation p]us days with trace amounts S
4 12411 8+4 543  4+4 5 4+4 10+6  5+7 "10+4 7 N+a 12+43 g+ e

STt o L 63 e 3281143 - B3 1364 T4e3 -
S I AN L7 BT 9410 1242 1146 11 1243 Tésd 1392 -
A Juiy ’ ' August . o September

Norm 1979 1978 1977 1976 MNorm 3979 1978 1977 1976 Norm 1979 1978 1977 1976

Mean sonthly temperature °c) : ) - ‘
8°06.5 18.2 14.2 14.6 16.8 149 '13.2 13.2.10.8 16.3 8.2 9.3° 8.5 9.5 10.2 .

b 166 19.4 153 15,2 . 149 145 . 1.2 - - - < e el
¢ 1.1 2002 15.9 157 - 15.4 166 143 1.9 - 8.8~ 9P . L
Numbers of days with frost . _ . ‘
a 9 0o 0. 0 o 1 1 0.2 - 9 1.4 45
b - 0. 06 0 - - 0o - 0 - - - = e e

¢ - 0 0 0 - - 0 0 0 - s - . . .

Degree days »5.0%C : ‘ ) . A
a 357 409 . 285 298 366 307 254 254 180 350 9 133 105 135 156

b %0 M6 39 N6 - 307 296 - 12 - - - . .
~ 375 4N - 338 332 - 322 298 288 200 . - N4 - jog. - .
Total precipitation (mm) = . - 3 - :
a 59 86 41.1 97.7 B4.6 45 26.8 61.9 54.2 31.0 42  S26 97.7 108 ‘27.2
b 58 635 64.2 8.4 - 71 156 2.9°81.9 . 6 - . .  _,
© 6 516 37.3 87.6 - 59 38 479 6.9 - 43 - .T* - -

Nurbers of -days . uith pncfpiution plus days with trace amouynts ) ’

8 B4 1542 1443 1742 8 11 1141 1546 942 77 13%21445 848 943
- 0947 1445 1243 - - 1M1 52 1742 - e
€13 1344 W5 13 - 10 16411443 1542 . 1) -na -

o w
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days range from leb'to 1215 and are restric ed t 5F4ﬂﬁqiﬂﬁ;—
‘September' Total‘precipitation‘is\approximately 370 mm withvthe ;
majority occurring in May to September inclusive (60% to 70% of .
total) There is-a rapid rise in monthly precipitation from April to
.the maximum in l:ly and a rapid decline from September to October. 'V,
'There are 35 to u7 d with measurable precipitation from May through .
',September: Mean annual wind speed is ll.u»km.hr- Vwith a slightly~
" windier May and October. o o f. e '

Within this study region, significant differences in microclimate
occur between May and September inclusive. Calculated NORMS of
‘..Longley and Janz (1978) indicate that Richardson Fire Tower has a

greater amount of precipitation,'number of days with precipitation,

' degree days and is warmer than Keane Fire Tower and Fort Chipewyan | LT

" (Table 2).

/_/'\ N
Based'upon 3011 temperature and 3011 moisture regimes, Clayton et

al., (1977) have classified the 1and region as Cryoboreal (mean annual

3011 temperature 2 to 8°C mean summer soil temperature 8 to 15°C

v

' growing ‘season 120-220 d, 555 to 1250 degree-d above a 0°C base and

humid (show1ng slight moisture defiCit) to sub-humid (show1ng

31gnificant moisture deficit, espe01ally for higher lying sandy areas)
The" study sites are situated‘on_glacial deposits of sand and

gravel which dyeriié the Physiographic Regipn-Atn;basaa Plain.  The

: deposits originate frOm‘the Athabasca Formation‘(medium‘to’coarse | .

grained sandstpne) and from Precambrian granitic plutonic rocks, both

. were eroded during the last glacial period by the Keewatin centered

-



ice_sheett Aeolian reworking of the deposits since that time has
‘ resulted in a variety of active and revegetated dune forms, varying in
_shape, size orientation and. origin (Bayrock 1969 and 1970)

Raup and Argus (1982) and David (1977, 1981) point out the
confusion over proper classification of these sand dune areas in‘
northern Saskatechewan and northeastern Alberta. The interpretation

/

- of these authors will be used and the differing terminologies of
Tremblay (1961), Sproule (1939), Smith (1978) Hermesh (1972), and
Rowe and Hermesh (197U) largely ignored

David's interpretation of sand dune origin formation and activity

at the Cree Lake sand ridge formation in northwestern Saskatechewan is

.suitable for the Blow0ut site (Dav1d 1977, and 1981) ~He concludes
that southeasterly adiabatic winds blowing off the retreating ice
sheet were responsible for the aeolian reworking of deposits betWeen
10800 and 8800 BP. _These paleo-wznds resulted in'parabolic dune
features including long parallel border: ridges.; The’ border ridges‘
originated from the northwesterly elongation of the primary parabollc
dune and: vary in length up to 8. km. David (1981) concludes that‘the

‘ retreat of the ice sheet followed by movement of arctic air masses

into the region resulted in southwesterly crossw1nd deformation and

_quasi—stabilization coinciding with vegetative stabilization. *Landals

'(1978) hypothesizes that preservation of these features to the present'

is encouraged by the exten81ve wet low-lying areas between the dune

3

ridges (prevents ease of fire spread and improves the level of the

‘ . . . N ' . {

‘15 .



_ water table undervthe ridges thereby aiding plant grOwth). The

_ . . . | S , .
Blowout site was located on the more southern ridgejor aone of these 'so
called paleo;dunes.' David (1981), Landals (1978) and: Raup and Argus
(1982) conclude that these are unique sand dune features of

v considerable geomorphic interest.-

Raup and Argus (1982) and Landals (1978) have intensively studied

the large active dune f ld, called the Maybelle River Dune System. ],

iThis dune field consists o¥ two 1arge coalescingzparabolic dunes
moving in a southeasterly direction.leaving.hehind a revegetating flat'
'aandy plain. The origin of the northern dune can be traced westward
approximately lO kn to the Richardson River.. The dune field consists

. of a variety of ‘dune forms. There are a series of transverse ridges
(oriented at right ‘angles to the direotion of the effective wind and"
concave to windward) separated by ventifacted gravel pavement
(accumulation of pebbles and cobbles concentrated by wind removal of”

finer sand grains) These transverse. ridges are of varied amplitude

- and wavelength both decreasing in size towards the western edge of

_the dune;field., Larger oblique ridge dunes have a shallow parabolic

dshape in-plain view and are convex to the nontheast-with'slip faces on
' the‘southeast side.i;Precipitation'ridges-are located on the eastern’
andasouthern edges of the dune field actively burying'the forest and

, : Sy v A
" lakes. Within the durie field are a serids of wet dune slacks (flat

. interdunal troughs). The Dune sites were located on the revegetating

flat sandy plain along the western edge’of’the'dune field.

\



-portions of Hudsonia were left in the core.

The purpose of this investigation was to further characterize the

physical naturb of the two study sites, especially in terms of soil

¢

~and microclimatological parametere,

[}

- MATERIALS AND METHODS

Soils ‘

Soil pits were dug andwthe soila classified according,to the
Canadian System of Soil Classification (1978). | |
o Soil samples were collected for analyses by the Soil and Feed
Testing Laboratory, (Alberta Agricu}ture, Edmonton, Alberta). Cdres

were taken (10 cm diam x 10 cm) at 0-10 cm, 10720 cm and 20-30 cm

v

vdepths, placed in paper bags and air dried. In eome casee the ccres

@

Soil wdter determihaticns were done in a variety of ways. Most

- often cores, (10 cm diam. x 10 cm) were taken at depthe_of 0-10 cm,

10-20 cm and 20-30 cm, and placed in plastic bags for fresh weight

. determination. Samples were then air dried until no,aggregatiOne of

sand grains were present and then'reweighed for dry weight. Care was

taken to ensure that plastic bags were not punctured. Preliminary
investigations 1ndicated that this method of sample han%ling and

drying to constant weight was companable to samples which were oven

Ldriéd at 90°C for .24 hr. This was possible as the samples contained

insignificant amounts of organic matter,,such that with ge '
the samples air dried relatlvely quickly (1-2 d depending 3njweather
conditions) Samples were weighed on an Ohaus Dial 0-~-Gram balance :to

the nearest 0 0l g..

"+ . were taken through Hudeonia_mats.‘ In this case only the below ground

B

17
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Occasionally a smaller sample size was required for soil moisture
determinations, as in the case of the 1978 plant water relations

»

studies. In this instance, the barrel and plunger of a 50 ml
disposable hypodermic syringe was used to collect the sample. Soils
were‘oollected at depths of 0-5, 5-10 aud,lo-ls cm and placed in tins
for weightldetermination. These samples were.Leighedéon a Mettler H10,

balance to the nearest 0.001 g and'oven‘dried at 60°C to constant

weight.

.Climate' .
Microclimatic‘data'Were‘collected'at the Blowout site in 1977 and
11978, and at- the bune site in,1978. These data were compared to the
Monthly Record of Meteorological Observations, and to‘Canadian'Normals
(1941-1970); both published by Atmospheric'Enyironment, Dept.‘of,
.Eisheriessand Environment Canada. Data were compared with.
observations reported for\Richardson Fire Tower and Fort Chipewyan.
_In addition, the microclimatic data collected by AOSERP pro ject VE6. l
(located at Richardson Fire Tower) were used for comparison.
Temperature and relative humidity were'recorded with a Belfort.
Hygrothermograph. Total ‘solar radiatioh was reoorded'with a Belfort
'Actinograph, calibrated against an Eppley pyranometer‘ahd leveled with
the slope. Daily temperature maxima and mihima w:.{h,z prdeduwith a
;ﬁ.

‘ housed in a shelter (each was lO cm above the ground) and the

Taylor Max-Min thermometer. The hygrothermograph

Max-Min were

“actinograph was placed on top of the shelter (50 cm above ground).
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The shelter was constructed according to Vogel and Johnson (1965).. -
DueNto the _nature of the microhabitat micrometerological observations
were made with the shelter at ground level. Wind speed was measured
7w1th a Belfort 3-cup anemometer with the cups placed 1 m above ground
level. 1In the case of more refined measurements, for example, in the
plant water relations studiee, a Hastings uni-directional hot wire -
anemometer was used. Precipitation was recorded using Taylor clear )
view nain gauges placed at a 50 cm height. A small amount of mineral
0il was placed in all rain gauges to prevent evaporation. Soil and_ -~
air temperature profiles were determined»by a 24 point Grant
hermistor probe recorder. Air probes were abieldeddfromvdirect
sunlight and placed at helghts of 50, lO and 2 cm. Soil probes were
placed at 2, lO 20 and 70 cm.

All temperature and relative humldlty instruments were calibrated
prlor to, durlng, and after field use. During‘field use a Bacharach
sling psychrometer was used for calibration. 1In the laboratory,
electronlcally referenced calibrated thermocouples and an Assham’
; Wet-Dry Bulb Thermometer were used.’ ",\>

- Hygrothermograph data were digitizedﬂby Computing éervices, , o

UniVErsity of Alberta. Hygrothermograph® data pdinbg were read at.,
;3 per hr.and averaged. The hourly mean was recorded }or temperature ; “
“and relative humidity.' Vapor pressure deficits were calculated-from
.the hourly mean temperature and relative humidity after Lowe (1977).

Actinograph data-were digitized at’2 readings per hr;_ Total dally

radlatlon was determined from the area under the curve calculations
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for 48 readings per 24 hr. Daily rand monthly means, total and other
' calculations were ‘made according to the Manual of Surface Weather
Observations (MANOBS), unless otherwise stated..

Micrometerological observations‘at-the‘Blowout were made at the.
center of the Blowout in a‘Hudsonia-sand community (Ml'Fig. 2) and on
| a revegetated ridge top (approximately 100 m from the center of the J
Blowout) in a Hudsonia-lichen community (MZ-Fig. 2). Observations at
the Maybelle River Dune System were made at the southwestern part of
the dune field in a Hudsonia-sand community (M3-Plate 4) and 300 m |
west from this location.in a ‘Pinus~lichen community (M4-Plate 4).
Shielded max-min temperature readings were also taken on the open dune
and 1n the gingg-lichen community to the southeast of the dune field,
at 10 cm above the ground.

. Fire history was determined by tree coring and tree wedge

collecting from trees withlobyious fire scars. Cores were mounted,
counted and deposited in the Botany Department Core Collection. 'Tree‘
'ages for non-fire scarred trees were similarly recorded..i

Rates of sand deposition and deflation{ and dune and blowout
movements were recorded in a number of ways. WOoden stakes were
placed at 15 m intervals around the perimeter of the Blowout. ~
Deflation and deposition were recorded as change in sand height from
‘original sand height, and Blowout movement was recorded as distance
from stake to leading edge at the base of the Blowout. Dune movement

+

" at ‘the dune field was determined by using 1976 Alberta Ecological -

~

Survey markers and the 1974 Landals (1978) markers. Dune’ movement ‘was

recorded as distance from marker to base of dune perimeter.

<Q



Figure 2 Location of meteorological stations (M), soil pits (p),
cored trees (F) and plant communities at the Blowout site.  Plant _
communities include: " Hudsonia-lichen community (M), Hudsonia=: <8and - .
community (C=3), Pinus-lichen woodland ), and isolated

‘trees of Pinus ( } ). '
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Sand deposition and deflation were also measured for microhabitats
at both the Dune and Blowout sites. Glags slides (7.5 x 2.5 x 0.1 em)
were inserted horizontally int§ the ground at\a depth of approximately
5.0 ecm. A metal rod (2 mm diam.) was permanently inserted vertically
at one end of the glass slide. Depth to glass slide measurements were
‘made at a distance of 5 cm in a defined direction from this metal rod
by insbr;ihg a pointed rod kl mEydiam.) into the sand. The rod was
scored at sand surfaée, retracted and’measured with a 1B cm ruler. A

glass slide was inserted into a stable Hudsonia-Polytrichum piliferum

communlty for callbration purposes.

RESULTS
Climate

At Richardsdn\Fire Terr between May and August inclusive; 1976
was warmer k+5.7°C), and wetter (+27.4 mm), 1977 was warmer (+1,lfC)
énd wetter (+3M;7'hm), 1978 was slightly cooley (=0.7f9),ang slightly

] //""' .

drier (-14.9 mm), and 1979 was warmeq-(+3.l°C and drier (-36.7 mm)
thﬁﬁ NORMS (Tab;# 35. In all years there were dbre déys with
precipitation than the NORM (1976 = +20, 1977 = 412, 1978 = +10,
1979 = +6). |

Large déviaﬁiéns from NORMS include; hot May of 1976 and*l977,
‘hot July 1979, cold'Auéust of 1977, wet May of i977, wet September of
1978 and the dry September of 1977 (Table 3).

. The Blowout experienced four more frosts in June of 1978 than

Richardson Fire Tower. Comparison of precipitation data between
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Table 3. Comparison of NORMS to Richardson Fire Tower micrometeorological observations from 1976
to 1979. Fort Chipewyan data were used when Richardson Fire Tower data were lacking
(Sept. 1976-1979), mean monthly temperature Aonv. total precipitation (mm), aad number of
days with precipitation. A + indicates that Richardson Fire Tower data were greater than
NORM, and a - that Richardson Fire Tower were less nrmb/mwwx.
: May to May to
Year Observation May June July August September August September
1976 Mean temperature +2.9 +1.0 +0.3 +1.4 +2.0 +5.7 +7.7
Total precipitation -2.4° +18.2 +25.6 -14.0 -15.2 +27.4 +12.2
Number of days . .
with precipitation +5 +5 +9 +1 +2 +20 +22
s
1977 Mean temperature +4.5 +1.5 -1.4 -3.5 +1.3 +1.1 +2.4
Total precipitation +31.5 ~-10.3 ‘+Nm.@ -12.1 -31.2 +35.7 +4.5
Number of days :
with precipitation +5 +2 : 0 +5 +1 +12 +13
1978 Mean temperature +1.1 +0.5 -1.2 -1.1 4+0.3 -0.7 -0.4
Total precipitation +12.8 -2.9 -23.7 -11.1 +55.7 -14.9 +40.8
Number of days )
with precipitation +2 - +3 .+l +4 . Y g t+10 +17
- o
1979 Mean temperature -0.2 +1.0 +3.1 -0.8 +1.3 +3.1 +4.4
Total precipitation -17.2 ~-15.1 -3.4 -1.0 +10.4 -36.7 |Nm.u.
Number of days N
+1 0 +6 -2 +4 +4

with precipitation -1




Rlchardson Fire fower and‘the Bldwout‘indicated variabdlity in amounts 4
of rainfallband‘in the'number of precipitation days. The Blowout had
sllghtly more days of rain than did Richardson Fire Tower.

Mean monthly air temperatures‘ number of days with frost degree
days, total precipltation and number of days w1th precipitatlon for :
,the ‘Blowout study sites were similar to each other (Table ) Paired~
statlstical analysis (Table 5) of mean dally air temperatures, from

Cng

‘ May to August 1ncluslve, 1nd1cated that in 1977 the Hudsonia-sand

community was 31gnificantly warmer w1th a dlfference between means of

0.4°cC. \In 1978 the dlfference between means was only 0. 2°C and not
slgnlficant.‘ Comblned 1977. and 1978 daily means were not
31gniflcantly different between the two study 31tes, both hav1ng a
"comblned May to August inclu31ve mean daily air temperature equal to
15.4¢°C, Similar analy51s of maximum dally temperature 1ndlcated that
the Hudsonia-sand community ‘was slghlflcantly cooler than the -
KHudsonla-llchen community (1977 cooler by 0.7°C, 1978 cooler by l.2°C
and in, 1977-1978 comblned, cooler by 1. 0°C) On thetother hand; the
minimum . daily temperatuce wasrsignlflcantly-warmer (1977 warmer'by
.l.é°C, 1978 warmer by O.7°C and in 1977-1978 combined, warmer'by
“1.2°0). . A | |
: ) L ‘
A comparison of air and soil.temperature profiles between a
; cHudsonia-sand community uith and yithout‘standing dead indicated that
therscil temperature.at.lo cm, 1 em and 0 cm was significantly higher
for the’community without standing'dead over'a 24 hr period (Tablev

: | .

6). These profiles showed diurnal variability on a representative

f

;
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Table 4. Temperamure, precipitation, radiation, wind and vapor pressure: defic1t (VPD)

summawies for. Hudsonia-sand (a) and llchen (b) communlties at the Blowout
site,- 19?7 ‘and 1978._ . o ‘ : ‘ : L Va

e

May » . June - July : Au_ghst, . ‘ May to August
'1977 1978 1977 1978 1977 1978 1877 1978 1977 1978 1977/78

Hean monthly temperature K¢ C) N ) 7 . ‘ o .
a 13.0 12. l‘ 16‘04 16.2 16.3 16.3 12.6 15.9- 14.5 15.1 . 14.8

b 131 124 16.3 161 15.9 16.8  12.0 16.5 14.3 15.5  14.9

Numbers of days with frost )
a 1 3 o0 4 0 o 1 - .0 1 2
b 13 04 o o . .1 o0 1 2.
Degree days (>5°¢) v ‘ R :
a 248 2200 330 333 . 350 350 23 338 . 1164 1241 2405
b 251 229 339 33 338. 367 217 357 ‘1145 1285 2434

Total precipitation (mm) - ! . o
- - 20,3 15.5. 65.7  64.8 40.1  49.5 352 130 161 - 291
- 193 15.5 64.8  64.0 39.6  49.3 34.6 129 158 287

¢
&

~ Number of days with pFeCipitqti_on . . .
a -7 15 18 15 ¢ .19 13 .13 48 62 -
b - 7 15 18 15 19 13 13 48 62 . -

Numb_e:: of Aobservations ! temperature and pré;ibitatiim s
‘n 10 9 12 29 31 30 16 20 69 88 157 -

Number of days ‘vitl;‘(nor‘ning dews, heévy dews Coe R
: 69,34

> a - A = 26,7 - . 22,01 - 17,12 - =
Mean monthly wind speed im.hrt ‘
. . —~
a - 4.49  6.00  3.61  4.47 5.39  4.51 5.10 4.78  4.64 - 4.70 @
b - 3.09 3.59 3.33 - 2.96. 3.78 - 3.52  3.25. 3.27 3.4 3.37
Nmbet.of days of observttion : wind _
a’ - d0 13 30 31 03 237 20 67 91 . 158
b - 10, 13 30 31 31 23 20 67 91 158
Mean monthly total daily radiation (MJ.n-z) o : ) . .
a - 178 211 214 19.6 211 16.4 169 19.0 19.8;° 19.4
b - 14.3 17.8 19.4  17.9.- 18.9  15.5 16.6 - 17.4 18.1 17.8
Number of dtys of observationv:‘ radiatic-m ! . ) )
a - 9 23 29 30 . 27 25 20 78 85 163
b - 8 15 29} 31 27 20 20- 66 84 150
Daily mean VPD (KPa) A
a 4.04  2.96:° 6.22 4.87  5.52 4.65 ©3.88  3.18  4.98  4.23 4.59
/b 6.08 3.00 6,27  4.84 5.8 4.55  4.06  3.21  5.45 4.18 4.84
" Number of days of obeervation: VPD ’ K : N » ‘ ‘
a 9 6 11 28 - 30 26 16 19. . 6 79 . 145

b 9 6 1 28 30 26 16 19 66, 79 . 145
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Table 5. Statistical comparison of miérometeorologica). parameters betwéen Hudsonia-sand .
) (a) and lichen (b) communities at the Blowout site, 1977 and 1978, Paired 't' "
analysis a vs b. o - ) }

5 May to‘August )

* May " -June - July. ] August . )
. 1977 1978 © 1977 1978 - 1977 1978 . 1977. 1978 1977 1978  1977/78
Daily mean temperature - - o , ‘ : o )
CE -2.12 -1.42 4.77  0.45 - 5.81 0.50 1.63 -6.56 ; 2.81  0.45 1.62
df ‘9 8 11 2 3 0 29 15 . 19 68° 87 - 156
952 2.26 2.31 2.20 2.05  2.04 2.05  2.13-2.09 . 1.99 1.99 ° 1.98.
Diily ‘maximum teﬁpef#tu&e ( : . o o :
t =5.04 =3.74 -5.47 ~7.12 -4.81 -7.08 -2.28 -7.95  -7.37 -13.09  <14.19
df. 9 8. - 11 28 30 . 29 16 19 - 69 - 87 157
952 - 2.26 2.31 - 2.20 2.05  2.04 2.05 2.12 2.09  1.99 1.99 ~ 1.98
Daily minimum temperature, . " I -
' t . 1.62 2.05 6.19 7.52 9,59 3.86  7.70 1.91  11.31° 7.64  12.78
. af 9 8 - 11 ‘' 28 30 29 15 19 68 87 156
: 95% - 2.26 2.3l 2.200 2.05  2.04. 2.05 _ 2.13 2.09 1.99 1.99 = 1.98
Daily wind speed V . * ] . ‘
t - 623 7.89 8.63  7.62 10.08  4.98 8.89 = - - -
N 12 29 . 30 30 2 19 - - -
952 - 2.26°  2.18  2.06 ° 2.04  2.04  2.07 2.09 - - -
. .\thal' dﬁily'radiation : , .
ot 363 3,46 4.87 3.11  2.82  5.14 .84 8.67 6.3 6.01 . -
i 7 13 28 29 25 19 20 63 81 . 145 - -
957 2.37 2.16  2.05 2.05 2.06 2.09  2.09 2.00 * 1.9 1.98 -
Daily mean VPD. .
' St -13.81 -0.22  -0.36 0.23 -5.89 © 0.64 -2.47 -64.4  =0.84 " ~4.30
’ af s 6 11 28 30 2 190 19 7245 82 155
95%  °2.260 2.45  2.20 2.05  2.09 2.06  2.09 2.09 1.99  1.99  '1.98.
/ : . j ‘ : - .
e ’ Daily maximum VPD -(KPa) B i ; . )
. t  -8.45 -0.38  ~4.65 -1.86 -6.39 0.44 -4.65 -1.81  -9.24 -2.38 <7009
“ df . 9 . 6 . 11 28 30 26 19, 19 72. . 82 155
957 2.26 - 2.45  2.20 2.05 2.06  2.06 z@ 2.09 1.99 '1.99 . 1.98
o : : .. y
Daily minimum VPD (KPa) . ) ‘ :
, ~7.68  2.82  0.12 © 2.11 =0.07 4.55 -0.69 3.28  -2.18 5.98  -1.60

df 9 6 1 28 .30 26 19 19 " 72 82 155
. 952 2.26 12.45  2.20 2.05  2.04 2.06  2.09 2.09 1.99 - 1.99 1.98

o
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Table 6. Comparison of mean hourly soil and air temperatures between
‘Hudsonia-sand communities without (a) and with standlng dead
(b). Comparison over ome 24 hr period.:

Dk N
s,

Temperature (° C)
PrQﬁlle ht (cm)

. site _:lgv o -1 .0 . _iig_
a 1656 18.78 19.62 - 17.48
b o ~ 16.86 18.02 - 18.27 »"--""’ |
e 264 2.07 2218 _—4-_~;f :
a a3 g --

952 - 2.07 , 2.07 - 2.07. -




Sunny day (Figs. 3.and M)."Soil,temperature at 70 om varied 0.6°C,
’1agging behind changes in air temperature._ Soil temperature remained
higher than air temperatures from approximately 2000 hr to 0700 hr
-Maximum temperature was located at and above soil surface from 0700.hr
to 2000 hr.”,mir temperatures responded quickly to short cloudy
periods whebeas soil temperatures did not (Fig. y)?s

.Mean and minimum daily temperatures were significantly higher in

the Pinus—lichen community along the western edge .of the Maybelle

River Dune System than in the open Hudsonia-sand community or in the ‘,

w
Pinus-lichen community to the east of the advaneing dune system

-(Table 7)

Mean monthly wind speed was 51gn1ficantly greater for the
1

vHudsonia-sand community versus the Hudsonia-lichen community at the
.Blowout QTable 5). Combined 1977 1978 means for the Hudsonia—sand

community were 51gnificantly greater by 1.3,km.hrf1. A comparison

of wind profiles between a Hudsonia—sand community with and without

AN
)

‘standing dead indicated that only at plant height was the wind speed

significantly different (Table B) AIn 1977, the communitvaithout‘the

-~

~standing dead had,the greater wind speeds; in 1978, the»community,with
the standing deaddhad the greater»wind speeds; and in'1977'plus 19?8
‘combined? there was‘no significant~difference; iWindbspeed and
'direction varied within the Elowout on-an exceptionally windy day
(August 9, 1977) Maximum wind‘speed at 1.3 m height was measured at
v IZQ,Km;hr -1 along the northern edge of the. Blowout, and at 64 _

km.hr'l as the wind exited the Blowout. Daily wind speeds were

28
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Figure 3 Ajr a"nd"aoil temper'at_uré prbt‘ile for Hudsonia-sand
community, Blowout site, 1978. Four different times of day are listed .
for July 10, 1978. : : C
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Figure 4 ' Air and soil temperature profile throughout a 24 hr period .

~in a Hudsqpia-sand community at the‘Blowout site, July 10, 1978._
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4 Table 7.

" 31

9|
Comparison of micrpclimatolqgical»phrameters between plant
communities at the Maybelle River Dune  System, 1978. Paired
data analysed between the Pinus-lichen and Hudsonia-sand
communities on the western edge (a) and between the Pinus-
lichen communities on the eastern and western edge of

the Maybelle River Dune System (b). - &
Site '~Daily mean Dailybmaximum Daily minimum Mean daily
comparison temperature ' temperature temperature wind speed

| t  df 957 t  af t d4f 't af

a 5.03 17 2.11 1.88 17 2.94 17 . -6.99 117

b 3.70 6 2.45  1.94 6  4.82 6 . -= ==

Y .

}
. (
\



Table 8. -Wind profile in Hudsonia-sand communities without (a) and
with (b) standing dead, Blowout site, 1977 and .1978. Spot
~ readings were taken during summer, plant height in (a)
equals 1-2 ‘cm and 5-8 cm in (b).

Height .Paired avs. b
above ~ - . .
‘Year ground X n X n. t df 957
1977 70 e | 4.85 27 574 27 -0.77 26 2.06
30 4.20 27 4.26 27 -0.09 26  2.06
10 3.41 27 $2.87 27 1.00 26 2.06
plant . 2.52 27 1.59 27 3.14 26 2.06
-4 i
1978 30cm 6.66 11 9.17 11 -1.66 = 10+ 2.23
' 10 4.83 11 5.90 11 -1424 10 2.23
plant 2,09 11 3.50 11 -2.57 .10 2.23
0 1.50, 11 2.15 11 . -1.62. 10 - 2.23
1977/ — : \ .
1978 30 cm 4.91 38 6.86 38 -1.06 37 2.03
10 3.83 38 3.75 38 0.16° 37 2.03
plant  2.39 .38 2,14 38 0.74 37 2.03




o

33

1

significantly greater.in the Hudsonia-sand community 4han in the o

\\\::::jflichen commumity alomg the western edge of the Maybelle River —
'System (Table 7). ‘ - |

J
Mean total daily radiation was significantly greater for the -

Hudsonia-sand community versus: the Hudsonia-lichen community at the

R

Blowout (Table 5). The mean total daily radiation for May to August

-inclusive for combined 1977-1978 was 1.6 MJ.m greater,

Mean daily vapour pressure deficits were significantly greater for
the Hudsonia-sand community versus the Hudsonia-lichen community at

the Blowout (Table 5).

Soils L

Soils on the Blowout site were mainly classifled as Orthic

Regosols. Evidence for past fires was found at varying depths within

the Blowout. 1In the northern part of the Blowout, two buried charcoal

horizons were found (Figs.LZiand 5). Based on changes in location of

 charcoal horizons in meighboring profiles (Fig. 5, P5 and P6), it is

clear that, the main bowl of the present Blowout is below the soil

level at which fires took place. Burial of charcoal may have taken
Pplace at the expense of bowl sands.
e , ) .

Soils of ,the Pinus-lichen communities surrounding the Blowout were

classified as Orthic Eutric Brunisols and Eluviated Eutric Brunisols.

. Evidence of past fires was foumd at varying depths in these.profiles

(Fig. 5).
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Figure 5 Soil profiles at the Blowout site. Pits were dug under a

P. banksiana/H. tomentosa/lichen community (Pl), a P. banksiana/
Vaccinium myrtillodes/lichen community (P2), .a H. tomentosa/
Polytrichum piliferum/lichen community (P3), a H. ‘tomentosa/P.
piliferum/sand community on a border ridge top (PN) and on open sand.
areas with surfical charcoal (PS5, P6) and 2 m downslope (P7). Coarse
heavy black charcoal remains ggﬁgg , and finer gray sand charcoal
layers %3ii are indicated. ‘ < :

.
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‘Soil analees of samples from the Duns site indicated that
' N03-N, K,'Na, SOu-51 organicbmatteh, and oonductivity we}e low
(Table 9). Levels of PO -P were lowest in the Pinus-lichen
community. No correlations with depth in the profile and nutrient
content were detected. Further nutrient analyses were not attempted
due to cost and questionable_aceuraoy of results at such low
concentrations. |

'Within the Blowout, considerable sand movement took place
‘ (Table«lG) Mean deposition in Hudsonia communities for the time
period August 28 1977 to August 1, 1979 ranged from 3.5 mm.yr -1 to’
33 mm.yr l. ;Zr any time period of measure, maximum deposition
ranged from 35 mm.yr -1 to 47 mm.yr -1 and maximum deflation ranged
from 0 mm.yr -1 to 17 mm.yr l. Only the wind sheltered slope
showed continuous deposition. All-other Hudsonia communities
exhibited a cyclic deflational and depositional nature with an overall
tendancy towards deflation. Communities without standing dead
experienced more deposition than did those with aboveground standing.
dead.

A comparison'of selected nidges and bowls within-the Blowout to
the perimeter of the'Blowout indicated that mean deposition from
August 19, 1977 to August 1, 1979 was similar (30.20 mm.yr -1 versus
38.80'mm.yr l, respectively) The perimeter of Blowout showed |
continuous deposition with the maximum for any period equal to ll7
mm,yr l. The selected bowls and ridges had cyclic deposition and
‘deflation_with a maximum deposition for any time period of

4y mm.yr-l and a maximum deflation for any period of 43 mm.yr'l.



Pounds per acre

Table 9. Soil analyses from the Ma
Samples contain 100% sand size part

Organic

‘ gopduct-
pepth (cm) N03-N PO4-P' E_ Ei S0, pH (;;;;Z)A Matter
E_Lt_xis_- lichen community VA
0-10 1 10 14t 0.2 L”
10 - 20 0 12 L- 0.2 L
20-3 0 12 L .2 ;
" Hudsonia - open sand community _ \
0-10 0 49 - 6 L7 . L7 6. 0 L-
10 - 20 0 42 4 " 5.9 L™
20 - 30 0 3% 6 L 5.8 0 L”
Open sand ' S -
0-10 0 40 3 L 5.7 0.2 -
10 - 20 0 38 3 L” T 6.0 0 N
20 - 30 1 23 49 T 6.2 }
Through Hudsonia plant .
0-10 0 3 11 LT 0. L™
0-10 0 41 2 L- 3 9.2 L"
J/’/
’

ybelle River Dune ’System.

icles,

indicated as L, extremely low by L-.

Low amounts are

36"
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Table 10. Sand movements within the Blowout site, 1977 and 1978. Hudsonia-sand communities without standing
dead were located on a strongly depositional slope (a), a depositional ridge top (b), and on mid-
Blowout slip (c), slope (d) and slope base (e). Measurements were also made on Hudsonia-sand
communities with standing dead (f), Hudsonia - Polytrichum piliferum communities (g), around the
Blowout perimeter (h) and on selected ridges and bowls within the Blowout (1). |

" a n oo

4 >lo:=n.m|~ x »o..n ,A.lv - ) . go::n.wﬂwu (mm) B o .

June 26, 1977  Aug 28, 1977 May 24, 1978 Aug 28, 1977 Aug 17, 1978 June 26, 1977  Aug 28, 1977 For any time

to ; to to to to to to