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Absllacl

Inclined poinr quadrats w-ere used to quantify ph€nologjcal development of plant populations
growing in an alpine tuddra Kobresia aeadow ind a Desthanpsia 

-meadow 
du'ring ,ir;'."rnm;;

ol 1971 on Niwot Ridge, Colorado. These _measo.em.ots suggist rhar variariods ii'pten"togic;
panerns in rhe two sires m?y be related to dif(erences in rhe"d"urarion of snow cover_aod suilare
meltwater. Snow melred lrom the Kobrcth site 20_ days eadier than frcm the De$hdn?j;a
sire. Signs of dormanry were nored errlier in rbe Kobreiia sire plants, and Je duration of fruir
developmenr was generally shofler rhan rhat observed h 6e De,chdm\;a communiry. Maoy
plant. in.booh sites remained vegeralive rhroughout .the season. while orhers completed only i
porhon ot t}|e reproductive cycle. Harsh alpine environmental conditions of the aurrcflt searon
andlo. oi rhe lrevious season may be related to this lack of reproductive development

Inlroduction

Strategies for plant sulvival in the harsh alpine environment hioge critically on the
timing and duration of phenological stages during the short growing season. This is
complicated by microsire valiabiliry and rhe vicissitudes of weather in the alpine
tundra. This study characterizes phenological development in two alpine tundta plant
communities in a saddle area of Niwot Ridge, Colorado. These communicies are
representative of community types of mesic to xeric conditions in the alpine region
of the Eastern Slope of the Rocky Mountains.

Accumulation of snow, time of snow melt, and persistence of meltwater were the
primary physical factors which differed in the two communities. phenological sam_
pling was cofiducted on a population basis so as to represent adequately microsite
variability withiq each community.

Description of Area

The two major alpine community rypes examined here are located on a gently
slopiog saddle of Niwor Ridgd, Colorado (40"40,N, 105.3dW, 3476 m elevation).

The Kobresia site has a southw€st aspect and a 5" slope and is typical of a well
developed, mesic meadow which can be snovr-free for up to 250 days per year. The
dominant species, Kobretia myosuroid,ar (Vilt.) Fiori & paol., is associated with
Geunz rottii (R. Br.) Ser., Tri,foliwm .patryi Gray, and polltgoxunz bi:tottoid"et pvch.
A total of 15 species vrere contacted in the Koheia site.

The Descbampsia site is characteristic of areas where snow cover may persrsr
until late June and where meltwater runoff is heavy. This site has a sourheasr aspect
and a 4o slope. Because of its location on the saddle. the Derchanbtia sire is some-
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what less exposed to wind than the Kobrcsia site, and snow accumulates to Iteatet
depths. Only 67 snow-free days per year were observed in this site i.n 1970 to 1917
(Ebert, unpublished data). Here, Deschanzpia cdetpitord (L.) Beauv. is commonly
found vrith Attemisia scopulotum Gray ar'd Geum rosii, The Descbarnpia meadow
is characterized by only 16 species, 11 of which also occur io the Kobresi'a si.te.

Figure 1 shows daily radiation, precipitation, and tempelatule for the 1971
growing season measured at the D-1 expefimental site on Niwot Ridge. Climatic
data were provided by the Institute of Arctic aod Alpine Research, University of
Colorado, Boulder. The relationship of the D-1 and saddle area sites is described
by Marr (1967). The two areas on the ridge are climatically very similar (Clark,
unpublished data).

Methods

Modified inclined poim quadrats as described by'Warren Wilson (1!60) were used
to measure phenology of plaots on a population basis throughout the 1971 growing
season for each species in the two communities. Io each of ten plots, 47 point
quadlats were placed at horizontal intervals of 2 cm and were passed through the
low growing vegeration at an inclination of 32.5'. Sampling occurred at ten-day
intervals bdtween late June and late August.

For every plant contacted by the inclined point frame, the most advanced Phe-
nological stage was recorded. For example, if a plar't were breaking bud and flovrer-
ing at the sarne time! then it $ras categorized as being in the flowering stage.

A voucher collection of all species is on fiie with the Intermountain Herbarium,
Logan, Utah.

Resulls

Quantitative indices of the phenology sratus of dominanr species in the two alpine
sites are given in Figure 2. The duration of snow cover varied in the two sites.
Soow melted ftom the Kobresia meadow betweeo May 25 and June 1, 1971, but oot
until June 15-20 from the Dethdmplia site. Most of tl.e Deschampia meadow was
saturated by meftwater from snow ar higher posirions on rhe same slope until late June.

A range of 150 to 600 plants were sampled on each date it the Kobre:ia site.
The Deschamp:i,tr. sire communiry sample consisred of 90 to 300 plants on each sam-
pling date. In borh sites, the sample size deceased rowards the end of the growing
seasoo. Because Kobre:ia myosuroider often reploduces by tillering, differentiating
individual plants was occasionally difficult. Most clumps of Kobresi,a wete ueated
as separate plants.

A few species in each site had formed buds and flowers by the first sampling
date. In both sites, Geum rouii was iq bud and in the Kobreia sire, Carcx tapeirit
Al1. and C. scop*lorum Holm were in flower. In the Dercha.mpi"tt site, Artemi,tia
vop loumt a,nd Cahba lepto:epalla DC., a minor componenr of the community, had
reached the flower stage by the first sampling date.

Ifithin each site, species varied in the time of onset and the duration of phe-
oological stages. Geunz rotsii plants in the Kabtesia site tended to form buds, flow-
ers, and fruits earlier than other species in this site. Fruiting began about June 25
and continued for 50 days. It the Detchamptia site, Artemitia rcap/4Larum ̂ nd.
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Figu re I. Daily -radiarion, preripirad_on, and temperarure on Niwor tudge (3727 mt. Coloradorrom.May rlrou8h seFember. 1971. No radiadon dara lyere available for the follow_roa dares: 6/1.'. 6/26,.6/2j, 6/28. j/ j .8/q, aod 8/10 (ctimaric dara for Niwor
ff'"'ley * iXr'.""1J'3:'"ot"oo",',1Eo"n 

rhe Insriture of Aroic and Alpine Research' uni-

Devbanpia caespitora began fruit formation about July 15 and continued fruit pro_
duction for 30 days. Similady, in the Kobresia site, polygonum bistottoid.et and
Kobresia myowroi.der first formed fruit on July 15. This stage persisted for 30 days
in Polygonum atd [or 40 days in Kobresi,t,

\fhen the two communities are compared in terms of total foliage, the duration
of phenological stages appeats quite similar, although snow melted from the Kob.teia
meadow about 20 days before it did from rhe Devhampsia site. Bud stage began
before sampling and continued for nearly 40 days. Flowering also began before sam_
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Fisure 2. PheoolosicaL strips {or selected species it the Kobtesia site (Ge&n tossii, Polygonxm' 
bitorto-ides, Kobrcsia nltottuoider, and total foliage) and the Detchan?Pria slte
(Afiemiria rcop lor&m, Gean rctsii, Deuhampsia cdelp;tord, and' totat foliage) orl
Niwot Ridge during the summer of 1971.

pling in the two sites and persisted approximately 5O days. Fruit development was

first observed on July 5 in both sites. lt the Kobre a site, fruiting continued for

approximately 50 days. In the Deschamptia site, the fruiting stage was extended at

least ten days longer than in the Kobretia site. Seed set was first observed on July 15

in both sites, and seed set was still active on the last day of sampling. Dehiscence

of seeds extended from approximately July 25 through the last sampling date.

Based on the perceflt of quadrat contacts, the Dotcbanpsia site had a greater

proporrion of plant material which was in a vegetative state oo all sampling dates.

On August 25,71 percent of the Derchanzpti4 site contacts, as compared to 41 Per-
cenr in che Kobreria site. were vegetative.

Indications of dormancy were first observed in rhe Kobrctia site in early August,

when leaves of Geam rostii showed an increase in aPpalent anthocyanin content. In

the De$h nprid site, signs of dormancy did not appear until late August, when

Artemitia lcopulotktl? ^nd Ge/u7t' rarr;i werc the first species to show signs of

senescence.

Discussion

The Dercbampsia ar,d Kabresia communities exhibited similar timing and duration

of phenological stages. Yet, differeoces in phenological patterns appeared when

species common to both communities were examined. Derchampsia caeJpitaM showed
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variation in rhe initiation and duratioo of phenological phases at the two sites. Seed
set began ten days earlier in the Kobretia site and lasted two weeks longet than the
same stage h the Descbampia site. There was at leasr a ten,day lag in the onset
of the flower, fruig seed set, and dehiscenr stages of po\gonum bistortoidet h the
Detcbatnpia sitq compared to the Kobrelia site population. Geunz totsii varied itr
the duratioo of bud and flower stages and in the time of initiation of dehiscence.
Both bud and floq.er srages were completed eadier than the same stages in the
Descbampia site.

The observed variation in both the time of ioitiation and the duration of staees
in a given species occurring jn the rwo sites is io some conrrasl with rhe findings
of Holway and \7ard (1965). They found that, for a given species, the time of
initiation for a phenological phase could vary coosiderably from site to site; yet, the
duration of phases generally showed little variation witbin an alpine slxcies.

Although plant phenology responds ro an interacting complex of physical factors
such as air temlxrature, ptecipitation, iradiation, soil temperature, and soil moisture
content, as q/ell as to community structure and competition, some abiotic factors ap-
pear to be particulady well correlated with phenological progressioo. Reproductive
events of the phenological cycle are correlated to a gleater extent wirh arr .emperarure
than vrith either precipitation or irradiation. The rise in air temperature during late
May and early June paralleled the development of reproductive buds and flowering
in both the Kobresia and tir'e Detchanzptia sites. Maximum mean daily air tempera-
tutes occurred between June 15 and July 17 when bud developmenr, flowering and
fruit stages had all been initiated. A cooling trend, marked by occasional below-zero
minimum tempelarures, began on July 17, which was also the time of initiation of
the seed set stage in both sites.

Soil temperature and moisture status may also be related to specific phenological
events. Figure 3 shows average soil moisture and remperarure data for the two
Niwot Ridge srudy areas. In the Deyhamptia sice, a considerable increase in the
fruit producion of all spcies occurred approximately July 15, the date when average
soil moisture began to decrease. Plants of Geum torii itt the Kobresia sirc ( eatly
srow release) exhibited changes in pigmentation approxitrately 20 days before plants
of the same species in the Delchanpitt site (late snow release). \fhen dormancy
was first observed in the Kobreia site in eady August, the soil morsrure was ap-
proximately 10 pefcenr by weight lower than 

'n 
tbe Detcbampia si.te.

In 1972, snow melt occurred approximately 18 days earlier in the Kobretia meadow
than in the Detcbamptia site, in a pattern similar to 197I. Leaf relative growth rate
and photosynthetic capacity measuremenc of Geum rosii j,n the two sites indicated a
much earlier curtailment of growth and photosynthesis it the Kobresia site (Johnson
and Caldwell, 1974). 'this 

shift in photosyntheric capacity and growth rates between
the two sites in 1912 is in some respects comparable to the shift in phenological
progression based on reproductive organs; however, the shift between the two sites
is- nor linear for all phenological stages. Instead, there is telescoping of the sequence
of phenological stages of Geum in the Detchampsia site. This would seem ro be
beneficial in accommodaring the less favorable weather pafteros towards the termina_
tion of the growing season which would, of course, occur at about the same time for
both sites.

Phenological Patterns of Alpine Tundra Plant Populations 2I



8 r o
o_
E
,(l)

- Kobnesia site
--- Deschampsia site

40

30

2Q

1 0

o
: ?
; ( [' i i>
> b
= ( n
8 g
0t ,o

i F

'6"u/, v,
Fiaure l. Soil temperature at a depth of 7.5 cm and average soil moistute lor the Kobresia" 

(solid liie ) aod Deschanpriz (dashed line) sitei during 1971 (unpublished data,
personal communication, Paul Gersper).

The large number of species which remained vegetative can be exPlained, in parq

by the severe alpine environment. In the most severe environments, sexual reproduc-
tion decfeases aod becomes variable and unreliable, while vegetative reproduction in
the form of apomixis, vivipary, and rhizomes is important for most tundra species
(Billings and Mooney, 1968). Holch et al. (1941) noted that many alpine peren-
nials reproduce vegetatively because the short alpine growing season is prohibitive to
seed set. The greater ploportion of plants which remained vegetative in the
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Derchampsia site may be a reflection of the delayed timing of snow melt, resulting
in a somewhat shorter growing season tha.n occrured in the Kobresia sire. possibly, yeady
variations in the severity of the alpine weather would also be reflected in the amount
of vegetative reproduction.

_ 
The rwo communities depicted in this study appea! to differ primarily in the

length of time under snow, in the dates of snow melt in the spring, and in average
soil moisture. These differences seem to be cleady reflected in the phenological
progression of the principal species. For species common to both sites, telescoping
of phenological events is apparent. Io the Deschanzpsia site, where the duration of
snov/ cover was greater and where snow melt occured .later in the spting, a greacer
number of plants remained vegetative throughout the growing season.
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