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Abstract 
The pbenology of 75 plant species belonging to an ArtmrLria 

tri&&~k~ Nutt./Agropyron spicutum (Pursh.) Scribn. & Smith 
plant community in southern British Columbia was recorded in 
1978 and 1979. Plant species were classified witbin 4 pbenological 
groups that are hypothesized to reflect adaptation to spatial and 
temporal distribution of soil moisture. Summer Mature taxa (36 
species, including 20 perennial forbs and 10 annual grasses and 
forbs) b&late growth early, fIower rapidly, and mature before or 
soon after summer drought beglm. Favorable moisture conditions 
in the fall may produce some regrowth. Summer Quiescent taxa 
(27 species, including 8 of 9 perennial grasses) also initiate growth 
early in spring, develop fairly rapidly, but flower later than 
Summer Mature taxa, becoming only semidormant during summer 
drought. Significant regrowth often occurs in response to fall 
moisture. Protracted Growth taxa (4 species) display delayed 
spring growth, followed by fall flowering. These deeply rooted 
shrubs continue to grow and develop slowly throughout the frost- 
free period. Eight, generally shallowly rooted forbs were classified 
as Spring Ephemerals that initiate development very early in 
spring, flower and terminate growth before summer drought, and 
rarely resprout in fall. These 4 pbenological groups provide flushes 
in botanical composition, forage production, and nutrient availa- 
bility that should be reflected witbin grazing management and 
rangeland inventory programs. 
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Plant phenology describes the relationship between climatic 

factors and the respective developmental state of plant species 
(Daubenmire 1974). Awareness of such relationships is essential to 
understand fully the temporal and spatial ecological adaptations of 
plants within vegetation communities (White 1979). 
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Although steppe vegetation characterized by Artemisia triden- 
tata Nutt. 1 Agropyron spicatum (Pursh.) Scribn. & Smith has been 
well described in terms of seral and climax dominants (e.g., Tisdale 
1947, Daubenmire 1970, McLean 1970), few studies provide 
detailed, phenological attributes of these plant communities. 
Blaisdell(l958) reported seasonal development and yield for 23 
species within Artemisial Agropyrondominated vegetation of 
southern Idaho, while Sauer and Uresk (1976) documented pheno- 
logical patterns for 12 plant species within an Artemisia tridenta- 
ta/Agropyron spicatum association of south-central Washington. 
Daubemnire (1972) contrasted annual cycles of soil moisture and 
temperature in 8 climax steppe communities of eastern Washing- 
ton, while Cline et al. (1977) compared soil water use by Agropyron 
spicatum and Bromus tectorum L. as a function of phenological 
development. 

For British Columbia, Tisdale (1947) proposed 3 floristic cate- 
gories within Artemisia / Agropyron vegetation based on pheno- 
logical patterns of 7 plant species. Subsequent phenological 
research in British Columbia has focused primarily on a few or 
single plant species (Tisdale et al. 1959, Harper 1969, Majak and 
McLean 1975, Stout et al. 1981, Quinton et al. 1982). This study 
documents phenological development of 75 plant species in an 
Artemisia tridentataldgropyron spicatum bunchgrass stand of 
south-central British Columbia. These data, combined with pat- 
terns in precipitation, growing-degree-days, and soil moisture are 
interpreted relative to the phenological categories hypothesized by 
Tisdale (1947). 

To facilitate communication, we recommend that more descrip- 
tive terminology replace Tisdale’s (1947) numerical categories. 
Summer Mature species (Tisdale’s Group 2) initiate growth early, 
flower rapidly, and mature before or soon after summer drought 
begins. Favorable moisture conditions in the fall may produce 
some regrowth, which for annual Summer Mature species nor- 
mally occurs as germination. Summer Quiescent taxa (Tisdale’s 
Group 1) also initiate growth early in spring, develop fairly rapidly, 
but flower later than Summer Mature taxa, becoming only semi- 
dormant during summer drought. Significant regrowth often 
occurs in response to fall moisture, with reflowering occasionally 
present. Protracted Growth taxa (Tisdale’s Group 3) display 

JOURNAL OF RANGE MANAGEMENT 43(4), July 1990 



delayed spring growth, followed by fall flowering. These species 
generally do not become quiescent during summer drought, but 
continue to develop slowly throughout the frost-free period. 

Study Area 
The 42-ha study area is located 10 km south of Penticton, British 

Columbia, west of Skaha Lake (490 26’ N, 119’ 37’ W). Derived 
from glacial till, the soils are coarse-textured, and bedrock pro- 
trudes occasionally. Kelley and Spilsbury (1949) classified nearby 
soils as brown chemozems (Aridic Haploboroll) in the Skaha 
Gravelly Sandy Loam Series. Elevation of the generally steep 
sloping topography ranges from 550 to 750 m with north and 
northeast exposures. 

Chapman (1952) described the climate as Middle Latitude 
Steppe (BSk) according to the Koppen classification. Annual pre- 
cipitation at Penticton airport, 6 km north of the study site, aver- 
ages 2%. 1 mm, with bimodal peaks in January (3 1.5 mm) and June 
(35.6 mm). Highest mean daily maximum temperatures occur in 
July (28.6” C); coldest daily mean minimum temperatures prevail 
in January (-5.6’ C). The frost free period averages 143 days 
(Environment Canada 1974). 

The vegetation is transitional between the Artemisio tridentoto 
and pinus ponderoso Dougl. zones classified by McLean (1970). 
Dominant herbaceous plants included Agropyron spicotum, Bro- 
mus tectorum, Koelerio cristoto Pers., Stipo comoto Trin. & Rupr., 
Bolsomorhizo sogittoto (Pursh) Nutt., and Poo protensis L. in 
moist draws. Dominant woody species included Pinusponderoso 
and Artemisio tridentoto subsp. tridentoto, with Amelonchier olni- 
folio Nutt., Acer globrum Nutt., Prunes virginiono L., and Sym- 
phoricorpos olbus (L.) Blake occurring in the draws. Plant taxon- 
omy follows Hitchcock and Cronquist (1973). 

Methods 

Between 1977 and 1979, foliar cover (%) and botanical composi- 
tion (o/o) of total foliar cover for all plant species were determined 
mid-monthly (April to August) by sampling 36 transects evenly 
distributed over the study area. Each 30-m transect provided a 
sample point of botanical composition and foliar cover, comprised 
of 100, 1.9-cm diameter loops, spaced at 3O-cm intervals (Parker 
1951). Foliar cover equalled frequency of each species/ 100 loops. 
Botanical composition equalled the proportion of total foliar cover 
for each species along each transect. Differences between years and 
among months in mean botanical composition and cover of species 
were determined with orthogonal contrasts or the Student- 

Newman-Keul’s procedure following ANOVA. 
Phenological trends were documented for 75 plant taxa. Sam- 

pling occurred mid-monthly from March 1978 to December 1979. 
Phenological development for each species was determined with 10 
plants during each sampling period. Plants were selected subjec- 
tively to characterize modal phenological development on the 
study site. At each sample period, 1 of the following 6 growth 
stages (Sauer and Uresk 1976) was recorded for each plant species: 
(1) Growth initiation; (2) Flora initiation; (3) Full flower; (4) Seed 
set and shatter; (5) Cured; and (6) Fall regrowth or germination. 

Soil moisture was recorded at 2 mid-slope sites located on a 
north- and east-facing aspect. Two stations/site were monitored 
mid-monthly throughout the growing season, from March to 
November, 1977-1979. At each station, available soil moisture (%) 
was determined with 4 gypsum soil moisture blocks located at 2cm 
and 35-cm depths. All measurements occurred at noon to minimize 
the effects of daily cycles. Precipitation and growingdegreedays 
data (1977-1979) were provided by Environment Canada at the 
Penticton Airport 10 km north of the study area. 

Results 

The phenological observations reported here likely reflect typi- 
cal patterns for steppe vegetation of southern British Columbia, as 
annual precipitation conformed closely to 30-year averages (Table 
1). Moreover, cumulative precipitation throughout the growing 
season (1 March-31 October) in 1977 (191.8 mm); 1978 (223.1 
mm); and 1979 (207.4 mm) only slightly exceeded the regional 
normal of 187.7 mm (Table 1). 

Total growing-degree-days above 5’ C in 1977 (2,174.6) and 
1978 (2,107.9) differed little from the 30-year average (2,119.3), 
although growing-degree-days during 1979 (2,335.3) slightly ex- 
ceeded long-term averages. During the period of most rapid plant 
growth (1 April-30 June), absolute differences in growingdegree- 
days were negligible, with 106,96, and 104% of normal attained in 
1977, 1978, and 1979 respectively (Environment Canada 1974, 
1977, 1978, 1979). 

The classification of plant species based on phenological pat- 
terns is summarized in Table 2. Eighty-four percent of the taxa 
displayed either Summer Mature or Summer Quiescent patterns, 
comprising 36 and 27 plant species, respectively (Table 3). Only 4 
species exhibited phenological patterns characterized as Pro- 
tracted Growth. Eight species demonstrated patterns that were not 
described by Tisdale (1947). We recommend that these taxa be 
classified as Spring Ephemeral, which germinate very early in 

Table 1. Montnlr aad 8mwi rainfall (mm), snowfall (cm) and total precipitation (mm), 1977~197!u aad 3fkyeu norm& (19&19w), Pent&on, British 
Columbia. 

Month Rain 
1977 

Snow Total Rain 
1978 

Snow Total Rain 
1979 1941-1970 

Snow Total Rain Snow Total 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
DeC. 

Annual 

11.3 16.8 26.3 5.4 45.8 37.3 0.0 
3.9 3.5 7.4 14.6 16.6 26.7 9.0 
6.8 11.8 18.2 12.8 0.2 13.0 11.1 

14.5 T 15.3 60.4 0.0 60.4 10.5 
61.9 0.0 61.9 21.2 T 21.2 29.2 

9.3 0.0 9.3 18.5 0.0 18.5 14.6 
19.9 0.0 19.9 26.0 0.0 26.0 28.0 
30.5 0.0 30.5 44.9 0.0 44.9 49.2 
34.0 0.0 34.0 36.8 0.0 36.8 37.7 
2.7 0.0 

3;: 
2.3 0.0 2.3 27.1 

21.8 9.1 
58:3 

18.8 3.7 24.3 5.8 
29.3 33.4 0.0 18.7 14.3 9.4 

245.9 74.6 316.4 228.7 84.9 325.7 231.6 

30.0 
9.4 
T-1 
T 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
T 

23.9 

63.3 

20.1 8.9 24.9 31.5 
13.9 10.4 10.9 20.8 
11.1 12.2 4.6 16.5 
10.5 22.9 0.3 23.1 
29.2 27.7 0.0 27.7 
14.6 35.6 0.0 35.6 
28.0 24.6 0.0 24.6 
49.2 22.4 0.0 22.4 
37.7 18.0 0.0 18.0 
27.1 19.8 T 19.8 
5.8 19.3 6.9 25.7 

31.0 10.4 21.6 30.5 

278.2 232.2 69.2 296.2 

‘Env+mment Canada (1977, 1978, 1979). 
~Epwomoent Canada (1974). 

= . 

JOURNAL OF RANGE MANAGEMENT 43(4), July 1990 351 



Table 2. Mid-monthly phenology of 75 plant spedea aaaocisted with an Artem&&/Agmpyrm~ communityl. 

Month 
Phenological group/ Forage2 
soecies ChSS YiZir J l F l M *A l M .J l J .A l S -0 l N l D . 

Spring ephemeral 
Balsamorhiza 

sagittata 
Collinsia 

parviflora 
Dodecatheon 

cusickii 
Fritiiiaria 

pudica 
Lomatium 

tritematum 
(Pursh) Co&. & Rose 

RanMctdtls 
glabertimus 

Saxtifraga 
integn~olia 

Taraxacwn 
OflWirurle 

summer mature 

Apera 
interrupta 

Bromus 
mollis L. 

Bromus 
tectorum 

Festuca 
octojlora Walt. 

Poa 
sandbergii 

Agoseris 
heterophypa 
(Nutt.) Greene 

Antennaria 
dimorpha 

Antennaria 
parviyolia Nutt. 

Arabis 
holboellii Hornem. 

Amica 
sororia Greene 

Astmgahts 
miser 
(Gray) Bameby 

Astmgahu 
purshii Dougl. 

Castiihja 
thompsonii Pennell 

Chaenactis 
douglasii 
(Hook.) H. & A. 

Comandra 
umbebirta 
(DC.) Jones 

Crepis 
atrabarba Heller 

Delphinium 
bicolor Nutt. 

Galium 
boreale L. 

Lesquerella 
dougiasii 
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Forb 1978 I ---2,3- 3--4----4,5 
(P) 1979 1,2-- 3/I--- 4---5 
Forb 1978 1,2-- 3---3,4- 4----5 
(a) 1979 1 --2,3-- 3/I--- 5 
Forb 1978 1 --2,3-- 3,4-- 4---5 
(PI 1979 2,3---A--5 
Forb 1978 1,2-- 3-4~~~5 
(P) 1979 l--2,3-- C-5 

Forb 1978 1---1,2- 3,4- c--5 
(P) 1979 I ---2,3- 3,4-- k----5 

Forb 1978 1,2-- 2,3-- 4--5 
@I 1979 1,2-- 3----q 
Forb 1978 1,2-- 2,3-- 4,5 6---5 

(P) 1979 1,2-- 1,2-- 3,4,5 6---6--5 
Forb 1978 l--l -1,2$4-----5 6--3---3----j 
(PI 1979 1 ---1,3-- 3----4---4,5 6-----6---5 

Grass 
(a) 
Grass 
(a) 

Grass 
(a) 
Grass 
(a) 
Grass 
(PI 
Forb 
(a) 

1978 
1979 
1978 
1979 

1978 
1979 
1978 
1979 
1978 
1979 
1978 
1979 

__I_ 
&IO G;RM11%05~ 

l-- 1--1--2,3-- 5 6----6---6--5 
l--l -2,3- 4-- 5 ~~~-6 

l---l-----1,2- 3,4-- 5----6---4%---d-----5 
l---1,2-- 3---4--5 6- 6 6 

l----l ,2-- 3,4,5 
123--4,5 

l--2--3,4- 4,5 6--6---6---d-----5 
1 -1,2-- 3,4-- 5 6--6---6---5 

l---2,3--- 3--4,5 
1,2-- 3/I--- 5 

Forb 
@) 
Forb 
(P) 
Forb 
(P) 
Forb 
(P) 
Forb 
(P) 

1978 
1979 
1978 
1979 
1978 
1979 
1978 
1979 
1978 
1979 

Forb 1978 
(P) 1979 
Forb 1978 
(PI 1979 
Forb 1978 
(PI 1979 

I---- l--2,3- 4----4--4 6---6---6--5 
l--1,2-- 3---4-5 6---6---6 
l--l--2,3-- 3,4--- 4-4 6,2-- 6---6----5 
l----1,2__ 3-----4--4_4 6,3-- 6,3-- 6,3-- 5 
l---1--2,3- 3,4-- 4,5 6---6----5 
l---1,2-- 3,4-- 5 6---6 

l---1,2-- 3,4-- 5 
l---2,3-- 4,5 
l---l--2,3---4-4-5 
l,2-- 3-4-5 6-5 

I---1---2,3-- 4--4--4---5 c----5 
l--- l,2-- 3--4---5 
l--1,2-- 3--3--4-5 6---6,3- 5 
l---1,2-- 3--4-5 6,3-- 5 

1 _--l_--2,3_- 4---5 
l--_2_--3_--&_5 

Forb 1978 1----2,3- 3---4---4--4--.4----5 
(P) 1979 1,2-- 3--4--4--4-4--5---5 

Forb 1978 
(PI 1979 
Forb 1978 
(P) 1979 
Forb 1978 
(a) 1979 
Forb 1978 
(a) 1979 

1,2-- 3---4----5 
l---2 ---3,~- 5 

l-- 1 --2,3-- 4--5 
1,2-- 3---I,5 

[ >>>>>2-- 3-4-5 
l---2,3--d-----5 

l---2,3-- 3,4-- 5 ~__--6_-_6--.-5 
[ >>>>> 3--4-4---5 6____a__--6_--5 
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Table 2. Continued. 

Month 
Phenological group/ 
Species 

Forage 
CiaSS Yt% J l F .M *A .M l J l J *A l S l O ON .D . 

Lewisia 
rediviva Pursh 

Lithophragma 
parvt*ra 
(Hook.) Nutt. 

Lirhospermum 
ruderale Do@. 

Lomatium 
macrocarpum 
(Nutt.) Coult. & Rose 

rUpim4s 
sericeus Pursh 

Microseris 
troximoides Gray 

Myosoris 
micrantha Pall. 

Phacelia 
linearis 
(Pursh) Holz. 

Plantago 
patagonica Jacq. 

Silene 
noctifrora L. 

Smilacina 
racemosa (L.) Desf. 

Zigadenus 
venenosus Wats. 

Acer 
glabrum 

Amelanchier 
abtifolia 

Erigonum 
heracleoides 

Prum4.9 
virginiana 

Ribes 
cereum 
Summer quiescent 

Agropyron 
spicarum 

Aristida 
longiseta 

Festuca 
idahoensis 

Festuca 
scabrella 

Koeleria 
cristata 

Poa 
pratensis L. 

Stipa 
comata 

Sripa 
occidentalis 
(Vasey) Hitchc. 

Achilles 
millefolium L. 

Calochortus 
macrocarpus 

Forb 
(P) 
Forb 
(P) 

1978 l--_-l----2,3-- 3,4-- 5 
1979 l----l----2,3,4- 5 
1978 l__-_ 1,2___ 3~~~5 
1979 l---1,2-- 3,4-- 5 

Forb 
(P) 
Forb 
(P) 

1978 I____ I____ l,2_~3,~~4~~__~~5 
1979 1,2-- 3--4--44--5 
1978 l----1,2-- 3,4-- 4--5 
1979 1,2-- 1,2--- 3-----4----d 

Forb 
(P) 
Forb 
(a) 
Forb 
(a) 
Forb 
(P) 

1978 l----I ,2-- 2,3--- 4-----S 
1979 l____ 1,x_ 3__4___4_-_5--5-___.&__5 

1978 1,2--- 3-4--5 
1979 1,2--- 3,4--- 5 
1978 3---4--5 
1979 [ >>>>> >>>>> 3,4___ 5 

1978 1,2--- 3---3----4,5 
1979 1,2--- 3,4--- 5 

Forb 
(a) 
Forb 
(P) 
Forb 
(P) 
Forb 
(P) 
Shrub 

Shrub 

Shrub 

Shrub 

Shrub 

1978 1,2-- 3----4---5 
1979 1,2-- 3----3,4-- Q----5 
1978 1__-_1,2___ 2,3_-4.-_-4-_-5 
1979 l---2,3-- 4---5 
1978 1,2--- 3---4--5 
1979 1,2-__ 3---4--5 

1978 1,2--- 3----3.4- 5 
1979 l---l---2,3,4,- 5 
1978 l----2,3-- 4--4_--4---5 
1979 1____1,2_-_ 3___4___4__4-4--45 

1978 1--1,2-__3,4_--4--~_---4-----4-__5 
1979 I---- 1,2--- 3,4--- 4---4-44---A--5 

1978 l---1,2---3--4---4_-4__4__4-5 
1979 l___-2_-_-_3,4_-44----4__-4__-3----4_--_-5 

1978 l_-_ 2,3_- 3,4-__ 4-__4-4---5 
1979 1,2___3__-4__-~_-4__-_--- ____ 5 

1978 l_--1,2--3-_-4-4__4--4__5 
1979 1,2-__3-__~_--_-4_--4_-4-4~-5 

Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 
Grass 1978 
(P) 1979 

Forb 1978 

(P) 1979 

Forb 1978 
(P) 1979 

I__---l--_~,2__- 2,3-_ 4__---4,5 c---6---6---5 
1-___l_ .-_1,2,3_ 4___5 6---6---d---5 

1. >>a> >>>>> >>>>> 4-__4--5 
l----2---2,3,4 5 6---6----6 
l----2,3-- 4----4,5 6---d----6--5 

1---2-_3__-_4_-_5 6-----6--d 
1-__l___l,2__ 2,3___ 4_--4,5 6--6---6---5 
l_-_l----2---3,4___ 4-m__5 6-_--6---6 
1-_--_1-----1,2-- 3_--_45 ~__--6__-_6---6---5 
1----l_--__2,3___ 4_4,5 6m__6--6 
1 ___-1 ____ 1,2___ 3__4_-4,5 tj-_-_6__+-__5 
1----l--2,3- 3--m 4-- 5 6---6---6 
1-----I----1,2--- 3--_-4-_---45 (j---6----6.---5 
l-----l-----2,3--- 4---w-45 6___--6_--6 
I----1--_2__-3---A----4 6____+_-_6---5 
1-__-l__--_2,3___4__4___-5 6__--&---6 

l-___-l___-_1,2___ 3___45___ 4,5 6__-__6____6-_--5 
l---2 ---3----4,5-- 4,5 6_--_6___-6 

l_--_l---_1,2-- 3,4-- 5 
l_--_l-----1,2-- 3,4-- 5 
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Table 2. Continued. 

Month 

Phenological group/ Forage 
Species Cl&V3 year J OF l M .A l M l J .J .A l S l O l N .D 

Centaurea 
diffwa Lam. 

Erigeron 
corynzbosus Nutt. 

Erigeron 
fzlzfolius Nutt. 

Erigeron 
pumihzs Nutt. 

Erodizzm 
cicutanmm 
(L.) LHer. 

Gaillardia 
aristata Pursh 

Geum 
tnflorzzm Pursh 

Heuchera 
cylindrica Dougl. 

Opuntia 
fragilis 
(Nutt.) Haw. 

Phacelia 
hastata Dougl. 

Phlox 
longifolia Nutt. 

Polygonzmz 
dozzglasii 

Sisymbrizzm 
altissimum L. 

L+agopogon 
dub&z Stop. 

Phikzdelphzzs 
lewisii 

Rosa 
nutkana 

Symphoricarpos 
albus 

Protracted growth 

Artemisia 
frigida 

Artemisia 
tridentata 

Chrysothamnus 
nauseosus 

Eriogonum 
niveum 

Forb 
(b) 
Forb 
(P) 
Forb 
(P) 
Forb 
(P) 
Forb 
(a) 

Forb 1978 l_---1-__l,2__ 3 ____ 3,~-4 6,3-- 6,3-- 6,3- 5 
(P) 1979 l---l-_-2----3,4_- 4,5 6,3-- 6,4-- 6---5 
Forb 1978 1---l---2,3-- 4---4,5 6---6---6---c--5 
(P) 1979 l---1,2-- 3--44,5 6---6---6----6---6 

Forb 1978 l--l--2,3-- 3-4-4 6--6----6----5 
(P) 1979 l-----1,2-- 3-4-4--5 ~__6_-_-_6__-6 

Forb 1978 l~~~~l~~-l,2_~3~~4~~4~4~~4_~~~5 

(P) 1979 l__-l_--_2-_-3__~~__~_~_~ 

Forb 
(P) 
Forb 
(P) 
Forb 
(a) 
Forb 
(a) 
Forb 
(b) 
Shrub 

Shrub 

Shrub 

Shrub 

Shrub 

Shrub 

Shrub 

1978 
1979 
1978 
1979 
1978 
1979 
1978 
1979 
1978 
1979 

1978 l---l--- 1,2--- 3-4-4 6---6---xi---5 
1979 l---1--2,3-- 3--4-4 6---6----6---5 

1978 1--l--2,3-- 3,4-- 4 6--6---6,3-- 6,3-- 5 
1979 1--- 1,2-- 3-44--5 6----6---6,3 

1978 1 --2,3--- 4,5 
1979 l--2---3,4-- 5 

1978 l--1,2,3- 3---3,4-- 5 6---6--5 
1979 1,2-- 3---3-5 6----d 

1978 1--_l___l2_- 2,3--4_- 5 6,3-- 6---5 
1979 l--- 2---3,4-- k-5 6--6,2-- 5 
1978 1--_l,2__ 3__ -t---4---4--4--5 
1979 1---l,2-- 3-__4__4_-_-- ---_5 

1978 l--1,2- 3---3,4-- 4---4---5 
1979 1 --2,3-~~~~~~4-4-4~5 

1978 1 ---1,2-- 3-4-4-4-5 
1979 l---2---3,4--- 4--44--5 

1978 I_-l--_l___l__-2__--2,3____3__--4__-_4-_-_4 

1979 l__-I_-_1--___1_-l-_-2--_-3---4_4-_4 

1978 1___1_-_1_-_I----2_--__2---_3--_3-4 

1979 I__--_1--_1--_l--_2---_2----3----_&__4 

1978 1---1---l--2-_2__-3-_3,4__&__5 
1979 l--- 1---__l__--2--2__-3-__4-4-4 

1978 l_-1--l_-2___3__-3---3,+- 4--_5 
1979 1--2---2-_3___3,4 6,3-- 6,3-- 6-5 

1-__-1---1-_l_-__2,3-_ 3_._-_t 6,3-- 5 
l-_-_1_-_l__---l,2___ 3--4 6,3-- 6,3--- 6,3 
l--l--1,2-- 3---3,4-- 5 6,3-- 6,3-- 5 
l-- l--l ,2--- 3---4-5 6---6,3-- 5 
l_--_l-__l,2__ 3___3,4-__ 5 6--_.-6_---5 
1-- l,2-- 3___3--&-5 6.__-_6___5 
1--_l___l,2__ 3___4_--4 6--6----6,3- 5 
1--l,2-__ 3-_3_4_-5 6---6,3-- 6---5 
l---1,2--- 2,3-- 3-4 6---6--6---6---5 

1,2-- 3---3,4-- 4,5 6---6,3-- 6---5 

1Phenolo ‘cal Stage: I>>>>>> = No Observations; 1 = growth initiation; 2 = Floral initiation; 3 = Full flower; 4 q  Seed set and shatter; 5 = Cured; 6 = Fall regrowth or getination. 
2Forage t? lass: a : annual, b = biennial, p = petetial. 

spring, flower and terminate growth before summer drought, and 
rarely resprout in fall. 

Specific combinations of life forms characterized each of the 4 
phenological groups. Spring Ephemerals, consisting entirely of 
forbs, 7 of which were perennial, initiated growth early in March 
and typically flowered by mid-May in both 1978 and 1979 (Table 
2). Only Saxzjraga integrifolia Hook. and Taraxacum officinale 
Weber produced fall regrowth in either year: the former through 
regrowth of established plants and the latter with fall germination 
of disseminated seeds. 

Although Summer Mature taxa consisted primarily of perennial 
forbs, this phenological pattern also contained the largest number 

of annual grasses and forbs (Table 3). This mixture of lie forms 
and longevity among Summer Mature taxa produced wide varia- 
bility in growth initiation dates, which generally ranged between 
early March and the beginning of April (Table 2). These taxa 
normally completed flowering by mid-May to early June. Summer 
Mature plants displayed some fall regrowth or germination, 
although only 11 species resumed growth between August and 
November during both 1978 and 1979. Regrowth was common for 
Poa sandbergii in both years, with tiller lengths reaching 8-10 cm 
in 1978 and 4-6 cm in 1979. Fall-germinated Bromus tectorum 
displayed substantial growth in September and October of 1978 
and 1979, producing tillers from 7-10 cm in both years. Neither 
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Table 3. Number of species represented ln each phenologlcrl group at the 
Okarupn Game Farm. 

Life form 
Spring Summer Summer Protracted 

ephemeral mature quiescent growth 

Annual grass 0 4 0 0 

Perennial 
grass 

0 8 Annual forb 1 :, 3 8 
Biennial forb 0 0 2 0 
Perennial forb 7 20 11 0 
Shrub 0 5 3 4 
Total 8 36 27 4 

species, however, generated seed stalks during fall regrowth. 
The 27 Summer Quiescent species also included a relatively large 

number of perennial forbs, plus 8 of 9 perennial grasses. This 
phenological group generally initiated vegetative growth in March, 
although Aristida longiseta Steud., Festuca idahoensis Elmer, 
Calochortus macrocarpus Dougl., Philadelphus lewisii Pursh., 
Rosa nutkana Presl, and Symphoricarpos albus all typically 
started in early April (Table 2). Floral initiation normally occurred 
later than for Summer Mature plants, ranging from mid-May to 
mid-July. Most species (21) came to full flower during June. 

Gf the 27 Summer Quiescent species, all but 5 produced fall 
regrowth in both sample years. Regrowth tiller lengths of Agro- 
pyron spicatum. Koeleria cristata, and Stipa comata averaged 
16-18,8-10, and 20-25 cm, respectively, in 1978 and, 8-12,6-g, 
and lo-12 cm respectively, in 1979. None of these 3 species, how- 
ever, produced seed stalks during fall regrowth. 

The 4 Protracted Growth species, comprised only of shrubs, 
generally began growth later, in April, and usually did not flower 
until September or October (Table 2). Following flowering, these 
shrubs produced no visible curing, and normally remained green, 
even during winter. Only Eriogonum niveum Dougl. flowered 
twice in a single year. 

Phenological distinctions among the 4 groups remained similar 
from one year to the next, as 57 of the 75 plant species initiated 
growth during the same sampling period in 1978 and 1979 (Table 
4). Protracted Growth species were the most consistent (4/4), 

Table 4. Number of species reaching phenologicsl development stages in 
1979 compared to 1978. 

Phenological group 
Growth stager 

1 2 3 4 5 

Spring ephemeral 
Same 
Earlier 
Later 

Summer mature 
Same 
Earlier 
Later 

Summer quiescent 
Same 
Earlier 
Later 

Protracted growth 
Same 
Earlier 
Later 

7 3 1 4 1 
0 2 3 3 5 
1 3 4 1 2 

24 16 24 13 12 
9 18 11 21 20 
3 2 1 2 4 

22 18 16 14 16 
2 9 11 13 10 
3 0 0 0 1 

4 2 2 2 2 
0 0 0 1 0 
0 2 2 1 2 

The codes 1,2,3,4, and 5 refer to Growth Initiation, Floral Initiation, Full Flower, 
Seed Set and Shatter, and Cured, respectively. 

followed by the Spring Ephemeral (7/8), Summer Quiescent 
(22/27), and Summer Mature (24/36) phenological groups. 

Among spring Ephemerals, spring growth initiation differed 
only for Balsamorhiza sagittata, which began growth about 1 
month later in 1979 compared to 1978 (Table 4; Table 2). Five of 8 
Spring Ephemerals completed growth 1 month earlier in 1979 
compared to 1978 (Table 4). 

Phenological maturity also occurred earlier in 1979 for Summer 
Mature and Summer Quiescent species (Table 4). Twenty of 36 
Summer Mature and 10 of 27 Summer Quiescent species matured 
earlier in 1979, whereas only 3 (Lesquerella douglasii Wats., Acer 
glabrum, Amelanchier alnifolia) of 36 and one (Rosa nutkana) of 
27, respectively, matured later. Apera interrupta (L.) Beauv., a 
Summer Mature annual grass, failed to germinate in 1979 (Table 
2). 

Blaisdell (1958) also demonstrated that the chronological se- 
quence of flowering for 23 steppe species in Idaho remained con- 
stant, even though the specific date at which individual species 
reached particular stages of development differed widely over a 
7-year period. Similar results, albeit for fewer plant taxa, were 
reported by Tisdale et al. (1959) and Harper (1969) in British 
Columbia. 

Phenological Patterns 
Spring Ephemeral species typically achieved maximum foliar 

cover and botanical composition during May, declining (PCO.05) 
thereafter, and never exceeded 7.0% botanical composition after 
June 15 (Table 5). Spring Ephemerals responded (P<O.O5) to 

Table 5. Average mid-monthly (April-August) folii cover (%I) and 
botanical compoistlon (%) of phenologiul groups, 1977-1979. 

Month 
Year 

Apr. 
1977 
1978 
1979 

May 

Spring Summer Summer Protracted 
ephemeral mature quiescent growth 

Bot. Bot. Bot. Bot. 
Cov. camp Cov. camp. Cov. camp. Cov. camp. 

3.3 5.8 15.2 27.7 25.8 42.9 9.6 14.7 
9.5 14.5 21.4 34.0 23.3 35.4 8.2 11.0 
4.0 6.5 21.3 36.9 23.6 39.3 8.4 12.5 

1977 
1978 
1979 

June 
1977 
1978 
1979 

July 
1977 
1978 
1979 

Aug. 
1977 
1978 
1979 

4.2 6.0 19.1 29.4 31.5 46.6 9.0 12.2 
14.3 19.0 22.4 31.5 25.8 33.5 8.2 10.0 
4.6 7.1 18.0 30.8 29.4 47.7 7.4 10.6 

3.2 4.2 19.9 29.3 36.1 50.8 8.3 10.5 
6.2 8.2 26.5 35.9 31.4 41.5 7.9 9.2 
3.6 6.5 12.2 23.4 28.5 51.4 7.7 13.1 

1.3 2.4 15.5 26.1 29.5 51.8 8.5 13.6 
4.7 7.0 21.4 32.2 29.0 42.1 9.3 12.0 
1.4 3.0 12.8 24.3 29.8 53.9 8.0 13.4 

1.9 3.5 15.8 26.5 31.7 50.7 8.6 12.7 
2.3 3.8 14.5 25.6 28.7 50.4 9.3 13.7 
0.6 1.4 9.5 20.8 25.6 55.5 7.8 15.4 

annual weather patterns, peaking at 19.0% botanical composition 
in May 1978, when April precipitation equalled 60.4 cm (Table 1). 
During May of 1977 and 1979, Spring Ephemerals peaked at only 
6.0 and 7.1% botanical composition, following substantially lower 
April precipitation. 

Monthly trends for Summer Mature species also varied (PCO.05) 
over the 3-year period, although the relative fluctuations were less 
than those recorded for Spring Ephemerals. In 1979, foliar cover 
and botanical composition peaked in April, whereas maximum 
values in 1977 and 1978 occurred in May and June, respectively. 
Moreover, foliar cover (9.5%) and botanical composition (20.8%) 
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in August 1979 declined (P<O.O5) to lower levels than either 1977 
or 1978 (Table 5). These‘1979 trends may have resulted from the 
dry spring, which produced only 21.6 cm of precipitation during 
March and April (Table 1). 

The Summer Mature group contained 10 of 14 annual plant 
species, which persisted throughout spring, despite generally low 
moisture availability. For example, April botanical composition of 
Bromus tectorum peaked in 1979 at 20.1%. Annual plants, how- 
ever, cure and shatter quickly following maturity. Foliar cover of 
Bromus tectorum equalled only 7.9% in August 1979, which com- 
prised most of the 9.5% August foliar cover observed for Summer 
Mature species. 

Although monthly trends in botanical composition and foliar 
cover also differed (P<O.O5) among years for Summer Quiescent 
species, the magnitude of these differences were small compared to 
the Spring Ephemeral and Summer Mature groups. Over the 
3-year period, foliar cover varied between a narrow range of 
23.3-36. I%, with minimum and maximum values normally occur- 
ring in April and June, respectively (Table 5). 

Botanical composition of Summer Quiescent species peaked 
later during the year compared to foliar cover, reaching maximum 
values in August. This group, dominated by perennial grasses, 
increases in botanical composition throughout the growing season, 
as Spring Ephemeral and Summer Mature species mature and 
shatter. Agropyron spicutum comprised the single largest compo- 
nent of the Summer Quiescent group, averaging 40.0% botanical 
composition during August over the 3-year period. 

Foliar cover and botanical composition of Protracted Growth 
species remained relatively stable over the 3-year period. Differen- 
ces (P<O.O5) in average monthly foliar cover were negligible, 
ranging from a low of 7.4% in May 1979 to 9.6% in April 1977. 
Botanical composition of these 4 shrubs similarly remained rela- 
tively constant, and varied primarily in response to seasonal abun- 
dance of herbaceous plant species. 

Discussion 

Our results expand the number of taxa within 3 phenological 
groups proposed by Tisdale (1947). The Summer Quiescent cate- 
gory contains not only Agropyron spicatum and Stipa comata, but 
also includes 25 other species demonstrating early growth followed 
by semi-dormancy during summer drought. Tisdale’s Group 2 
(Summer Mature species) contained Poa sandbergii, Antennaria 
dimorpha (Nutt.) T. & G. and Bromus tectorum, whereas our 
study identifies 33 additional, generally low-growing taxa that 
normally cease or significantly reduce growth during summer 
drought. Protracted Growth species, in addition to Artemisia tri- 
dentata and Chrysothamnus nauseosus (Pall.) Britt. reported for 
Tisdale’s Group 3, also include Artemisiafrigida Willd. and Eriog- 
onum niveum. 

Spring Ephemerals were not included in Tisdale’s (1947) original 
classification. The phenology of these plants, characterized by 
early growth and reproduction, combined with virtually no fall 
regrowth or germination, clearly sets these species apart from other 
steppe taxa. 

Relationship of Plant Phenology to Ambient and Soil Moisture 
The 4 phenological groups are likely adapted to use soil moisture 

within different portions of spatial and temporal gradients (Tisdale 
1947, Sauer and Uresk 1976, Cline et al. 1977). Spring Ephemerals 
are shallowly rooted forbs, which may have evolved an early 
growth pattern to avoid summer drought (Sauer and Uresk 1976). 
Summer mature species resume growth slightly later than Spring 
Ephemerals, but also avoid summer drought by ceasing growth. 
Unlike Spring Ephemerals, Summer Mature taxa may renew 
growth in the fall when soil moisture and air temperature become 

Table 6. Percent soil moisture (x f SE, n = 15), 1977-1979*, Penticton, 
British Columbia. 

Soil moisture 

Depth 
Month (cm) 1977 1978 1979 

Mar. 2 ND2 77.8 f 0.4 71.5 k 2.9 
35 

Apr. 2 
35 

May 2 
35 

June 2 
35 

July 2 
35 

Allg. 2 
35 

ND 79.1 f 2.4 

35.0 f 1.8 83.5 k 2.6 
52.7 * 0.4 81.7 rt 0.5 

ND 91.1 f 2.9 
ND 86.9 k 0.6 

ND 38.3 zt 6.6 
ND 36.6 IL 9.3 

0.0 6.5 + 3.3 
0.0 0.0 

0.0 60.1 f 4.0 
0.0 7.8 k 1.4 

72.2 f 0.8 

58.6 zt 3.7 
70.5 * 1.2 

0.0 
4.6 f 2.7 

21.5 k 3.4 
0.0 

0.0 
0.0 

71.8 f 4.0 
0.0 

Sep. 2 0.0 60.3 * 2.4 ND 
35 0.0 14.1 * 5.4 ND 

Oct. 2 19.2 III 3.0 0.0 2.0 * 1.4 
35 0.0 0.0 0.0 

Nov. 2 38.7 * 4.8 0.0 ND 
35 0.0 0.0 ND 

‘Averaged over the north- and east-facing sample sites. 
2No data due to equipment failure. 

more favorable. Summer Quiescent species become only semi- 
dormant during summer drought, and normally use fall moisture 
for continued growth and reproduction. This adaptation creates 
risk during cycles of lower than normal precipitation, as reproduc- 
tive output of large, caespitose grasses such as Agropyron spica- 
turn and Festuca scabrella Torr. is notoriously variable (Stout et al. 
1981, Quinton et al. 1982). This disadvantage during dry years is 
offset by the ability of Summer Quiescent species to regrow vigor- 
ously during moist autumn periods, which occurred during Sep- 
tember of 1978 and 1979. Protracted Growth species, primarily 
deeply rooted shrubs such as Artemisia tridentata, obtain soil 
moisture at depths beyond the reach of their herbaceous associates 
(Tisdale 1947) and capitalize on all favorable growing conditions 
during the frost-free period. 

These phenological adaptations were evident throughout the 
3-year study. For example, soil moisture at the 2-and 35-cm depths 
remained high in all 3 years during April (Table 6), which provided 
sufficient moisture for growth and reproduction of Spring Ephe- 
merals. Nonetheless, phenological variability occurred among 
years, depending on total precipitation. For example, 5 of 8 Spring 
Ephemerals (Balsamorhiza sagittata, Collinsia parvtjlora Lind., 
Dodecatheon cusickii Greene, Fritillaria pudica (Pursh) Spring., 
Ranunculus glaberrimus Hook.) completed growth 1 month ear- 
lier in 1979 compared to 1978 (Table 4), perhaps reflecting reduced 
precipitation in April 1979 compared to April 1978 (Table 1). April 
soil moisture at the 2- and 35-cm depths was also lower in 1979 
compared to 1978 (Table 6) with botanical composition in May 
1979 substantially lower than May 1978 (Table 5). Lowest soil 
moisture in April occurred in 1977, followed by the lowest May 
botanical composition for Spring Ephemerals. 

Tisdale (1947) reported that the rooting depth of Poa sandbergii, 
a dominant, perennial Summer Mature species, rarely exceeds 30 
cm. Botanical composition and foliar cover of Poa sandbergii 
peaked on 15 April of each year, (Wikeem 1984:92), which pre- 
ceded depleted soil moisture at the 35-cm depth on 15 May in both 
1977 and 1979 (Table 6). Even in 1978, when soil moisture at the 
35-cm depth remained high until 15 June, botanical composition 
and foliar cover of Poa sandbergii declined after 15 May, illustrat- 
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ing this species’ adaptation for early maturation. 
Bromus tectorum comprised more than half of the June-August 

foliar cover of the Summer Mature phenological group (Wikeem 
1984:91-92). Although Tisdale (1947) indicated that maximum 
rooting depth of Bromus tectorum in British Columbia occurred at 
30 cm, Harris and Goebel(1976) documented root penetration of 
this annual grass to depths of 1.0 m. Bromus tectorum may, 
therefore, benefit from soil moisture being available at or below the 
35-cm depth until flowering is completed in June. The Summer 
Mature group, characterized by phenological patterns of Bromus 
tectorum, therefore peaked in June botanical composition and 
foliar cover in 1978 (Table S), when soil moisture at the 35-cm 
depth remained above 3% until June 15 (Table 6). In contrast, soil 
moisture in 1979 at the 35-cm depth averaged only 4.6% on 15 
May, with no measurable moisture available in June. Correspond- 
ingly, June 1979 botanical composition and foliar cover of 
Summer Mature plants (Table 5) and of Bromus tectorum 
(Wikeem 1984:92) were below 1978 values. 

Summer Quiescent plants generally flower and mature later than 
Summer Mature taxa and were not negatively affected by low soil 
moisture at the 35-cm depth in May 1979. The usual rooting depth 
of the dominant Summer Quiescent species, Agropyron spicatum, 
exceeds 1.0 m (Harris and Goebel 1976). Although no moisture 
data were collected at this depth, botanical composition and foliar 
cover of the Summer Quiescent phenological group displayed no 
consistent trends in response to variable annual precipitation. 
Indeed, only in 1979 did precipitation from 1 March to 31 July 
(93.4 mm) fall below the 30-year normal of 127.5 mm (Table 1). 
Botanical composition of Summer Quiescent species, however, 
was generally highest in 1979, suggesting that soil moisture below 
35 cm remained sufficient for this phenological group throughout 
the 3-year period. 

Trends in foliar cover and botanical composition of the Summer 
Quiescent group are characterized best by Agropyron spicatum. 
which represented 67.3 and 77.4% of total foliar cover for this 

were all classified as Summer Mature due to early flowering 
between April and June, even though the foliage on all 5 species 
remained green throughout the summer period. These and other 
examples of plant species displaying characteristics of more than 1 
phenological category suggest that these 4 categories should be 
interpreted as broad, ecological spectra, rather than rigid, mutu- 
ally exclusive adaptations. 

The phenological patterns displayed within ArtemisialAgro- 
pyron steppe communities provide ecological constraints and 
opportunities for vegetation management and assessment. The 4 
phenological groups reported here provide flushes in forage pro- 
duction and nutrient availability, which in turn determine the 
variety of animal species which may be supported by these plant 
communities (Sauer and Uresk 1976). Management programs that 
eliminate or reduce taxa within phenological groups may severely 
limit the reproductive success of wildlife species, may preclude 
optimum habitat for indigenous pollinating insects, or may 
shorten the calendar periods of economic livestock grazing op- 
portunities. 

Rangeland inventory and grazing management programs should 
reflect these pulses in species composition, forage production, and 
nutrient availability. Most inventory programs are based on max- 
imum herbage production of key management species within plant 
communities or habitat types. Sampling periods should, therefore, 
correspond to the growth period(s) of specific phenological groups 
containing these key management species. Less precise sampling 
schemes necessarily confound maximum herbage production with 
normal, seasonal changes in herbage accumulation and/or weath- 
ering (Ratliff and Heady 1962). Similarly, proper livestock stock- 
ing rates within pastures should be based on forage available 
during the period of grazing rather than on peak forage produc- 
tion, which may occur either before or after period(s) of livestock 
grazing. Our observations provide guidelines for such considerations. 
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