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Poll jnation Ecology of an Alpine Fel l-Field Community in the
North Cascades

Abstract

' {  ' ruh-! f  r l r  lo l i i i r l ion. ' '1 !1og\  of  an alp i r  tu l ]  f ic ld lo.arei t  i r  Lhe NIounr I later  area oJ washington Star .  ras ronducredi r u . n s  t h '  L u m t r r r ' '  o l  l 9 3 l  l l l l h a t i o n  s v n d r o  c s G t r a r e g i e ! ) o f t h . d o r r i n a n r p t a n t s w e r e a r e m o p h r r v . g , i n e . a r j z e . t . n l o m o p h
i l r '  and s l" ia l iz 'd ent 'nophi lv  l rs .cr  ! is i tat ions ro ptant  species werc q"- t i r ; , " t  " " . l  i " " "" ,g prenorog!  $as denr in,n"u.' Ihe 
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Introduction

Po l l i n . r r i un  e r -u l ' r g r  i .  a  r ap idh  g ro r . i ng  -uh -
d r -  i n l i n e  . l  " o l J - f a . l r r , , r r n J '  

b i , , l o g \ .  r c c e n  \
e rpanJ i r r g  l r n r r r  . r  n r i n ra r i l r  dc " ,  r i p r i r ,  t o  an  . i -
perimenlal science. Howerer, although therc are
a, number of excel lent tcxts, c.g.,  Faegri and
Vander Pi j l  (1979), Jones and LitJe (1983), proc-
tor and Yeo (1973), and Richards (1978), ancl
nun re rou :  a r l r " t e r  ,  " nc ,  r n i ng  po l l i na t i on  b io l ug r .
r h c r c  a r e  l p \  . r L d i c .  t h a r  d e . r l  s p , . r i f i c a l l r  u i r h
p o l l i r r a t i . ' n  n r , , l o g r  o i L r l l , i r r , ,  " o r n m u l i r i . . .  I  h i .
is espccial lv truc of the North Cascades.

The nost comrnonh cited insect pol l inaror
groups (orderslfamil ies) in alpine areas of North
Amcric.a are bumtriebecs (Hl menopteralApidae);
srrphid f l ies (Diprcrai Svrphidae); Muscoid f l ies
(Diptera/Anthomvidae, Muscidae, Call iphoridae,
Sarcophagidae, Tachinidac); and buttcr l l ies
( L e p i d o p r c r a i P a p i i i o n o i d e a ,  L v c a c n r d a e ,
Sa ty r i dae ,  Nvmpha l i dae ) ( [ I o l denke  1976 ,  l 9?9 ;
l toldenke and Lincoln 1979; Levcsquc and
Burger 1982: Bauer, l9B3).

Bumb lebees  a re  soc ia l  i nsec l s  and  n lus t
foragc for colont nceds as uel i  as r lclr  own.
Accordinglr lhe) foragc ven intcnsirch,ald visi t
nu r i t . r , ' u .  r l , , \ 1c r - .  \ .  a  t , h , , , . .  I ne , . u l on r  es .u rnp -
a gcneral ist role. r isi t ing a n ide variet.r,  of f lor er
r r o e . .  H n u , r " r .  , n , l i r , d r r . r l .  r ,  r r d  r u  - 1 , , . , . i a l i z e
( n r a . i t r r )  n r r  , ' r r ,  u r  t t \ u  - r r , . ,  i e -  x 1  .  n ,  g t \ H , '  t l n r c
t H . i n r i c h  l q - b d .  l o , , r t .  \ l a n r  r , l . , r i  - p " " i , . .  a r n
nrore'or- less . lependcnt on buntblebecs for
pol l ination anrl have developed sequential l lorer_
ing t irncs (Pojar l9?4; I leader l9?5; Heinrich
l9?5 .  1976b ;  P leasan rs  J980 ;  Baue r  l 9B3 ) ,

rcducrng competit ion for pol l inators. Foraging
behavior of f l ies and butterf l ies is variable anJ
less lel l  known (Proctor and yco l9?3, Faegri
e ,nd  Vand" r  P i j l  l , r 7q , .  I n  gn r re ra l .  i l i , . .  p ro i e r
l l o \1c r j  s i t h  n , rn - con .e r l , d  r e ra r r l . ,  Jo  no t
. p e e i a l i z " .  u n d  a p p c a r  i r r  r l p i r r , .  r " o m m u n i t i e .
earl l  in the season. Buttcrf l ies preler tubular
l lorcrs with toncealed rcwards, have a higher
level of f loral constancy than f l ies, and app"ar
much later in the season.

.  
F , ' r 6 r r . ' r n ,  t r n  a l p i n .  p l r n t  r ' umrnun l \  \ ! a \

! ' . l p . t c , l  b . ,  a  u5 .  ,  r i  i r s  s  i r n  p l i r . i r r  .  l a ,  k  " f  d  i , r u  r .
bance, and, perhaps, more obvious plant- inscct
coadaptations, i .e.,  relat ionship betr,reen f loral
rnorphologr/color and trpe of insect pol l inator.
By del init ion (Douglas and Bliss l97T) the alpine
ls that area in the mountains abore the l imit of
upright tree growlh, characterizcd by soi l  and
r ,a rh " r  e r r re rn , . .  (B l i . :  I q?  t .  B  i l l i ng .  l o74 t .  Ou | .
- l u t l \  ,  L , n . i - t t s d  , ' f  , r n a l r . e .  u i  t l o s n r i n g
phenologv and insect visi tat ion. Flowerini
phenology is an irnportant componcnt of poi l ina,
t ion ecologv because i t  determines the avai labi l i_
tr of resourccs to animal pol l inators ano thc com-
peti l i r .e rclat ionships among plants for these
poli inators (Levin and Andcrson l9?0, Mosquin
1971 ,  Po ja r  197 ,1 ,  He in r i ch  l 9? .5 ,  p roc ro r  lO7B ,
Plcasalts 1980). The pattern of pol l inator visi ta_
lron rs rmportanl becau-qe i t  ha-s a direct efTect
on thc relroductive success and gene f low rate
of plants (Nlacior l9?1, Procror and yco l9?3,
Richards l9?8, Facgri and Vanrler pi j l  1979), anj
makcs i t  po-ssibie to quart j tat i \ .el l  assess rre rm_
portance o1 specif ic polJinators n, i thin an aipine
(in this case) coinrnunit l .

\ " r t h r ' n - '  S r i en " r .  \  o ' .  r , ( ) .  \ o .  l ,  l ' t g r ,  2 l



Methods

The selected study site was an alpine fel l- f ield

located lear Mt. Baker on Cho$der Ridge, a pro-

po-qed research natural area (Ta,\ 'or and Douglas

19?8) (Figure I).  The r idge is relat ivclv inacccs-

sible irnd remains urrdisturbed. The arca of

sampling consisled of a 20 x 20 rn plot on a

modera te  SE  s lope  a t  ca .2041  m e leva t i on .  The

rock,r r idgctop $a-q sparsela- vegetatcd b1

clumpcd, cushion plants, a typical fel l- f ield com'

munit l  (Tal lor and Douglas 1978). fhc commu-

nity stmcture as dctermincd in August 1980,

using the cxperirncntal dcsign described bl Bl iss

(1963). In total,  sixtr 20 x 50 crn quadrats \{ere

used for nreasurir lg covcrage (fol lowing f)aubert-

mire 1959, l968) and frcquenc,v lmporlance or

prominence t alues $ere cir lculated for each plant

species b)-mull iplying i ts mean perccnt covcr bY

thc squarc root of i ts frequencl ' .  Plants were iden-

t i f ied using Hitchcock and Cronquist (1973) and

Hitchcock er a1. (1955-1969)

The pol l ination studv was carr ied out during

the surnmer of l98I. Plant species of the fel l- f ield

community \r 'erc assigned a f loral color class'

fol lowing the s1'stem described by Kevin (1972a).

The color class assignment does not relate to the

insect visual rangc, trhich at least in sonle cascs

e\tends into the ultra-r ' iolct spectrun. Fol lotr ing

Proctor and Yco (1973), f loral morphologv uas

classif ied into the fol lo*ing t,rpes: ( l)  open-

more-or- less bowlshapecl $ i th exposed rcrards;

(2) part ial ly exposed usuailv some lorl ion of the

periarth iuscd re-qul l ing in sornevhdt dif1icult  ac-

ccss to rc$arcls; (3) cLoscd l lover structured i

sucl i  a r,at so as to exclude visi tat ion L! non-

special ized pol l inators; ( ' t)  small  tubular f lowers

lr i th short tubtlar corol las, e.g., co Fosi lae, lr  i th

l i t t lc restr ict ion of rcwards; (5) large tubular-

long tubular f loners requir i lg long "tongur:d"

in-.ects to rcach concealed nectar. On the basis

of f loral rnorphologl, plant specics \rerc assrgned

po l l i na t i on  s t ra teg ies :  l i nd  (ane rnoph i l r ' ) ,

gcneral ist (gencral ized entomophil-v), special ist

(special ized entomophil ,r ' ) .  See table 1 fbr pol l ina-

t ion slrategics and related charactcrist ics of the

p redominan t  p l an t  spcc ies  o f  ou r  s tud l -

Within the 20 \ 20 m studv afea, insect grouP

actir. i l . ,-  was quanti f i t 'd using 20 m transects (ran-

domll selccted fronr metcr loci I  through 20) and

2 m square obserr 'at ion plots (randonll .r- selcctecl

f r o rn  t h r  100  poss ib l e ) .  A l l  i nscc t  r i s i t s  l o  f l o *c r

specics, including each of mult iple visi ts by single

insects, were reL'orded both while walking slowly

along the lransects and during 20 minute i latch

periods of the 2 m squarc plots. The number of

\tatch periods and transects rvere l imited bv i ime

to a maxirnun! of sjx per daY In addit ion to the

quanti tal ire data col lccted from the study area,

p , ' | l i r r r t " r  L e h , r  i ' , r  s d :  n n l t s L I  o l o n g  t h '  l u l l

r n n g r h  ' t  C h u * d . r  R i , l g .  p '  r i o d i , . r l l r  ' l u r i n s  t l ' '

su rmers of 1980-l9B'1.
\ r j  a  l l pn rp l  \ ! J -  t nadp  l u  co l lP ,  I  r ep r ,5 l . r r l d l i \ " s

of each discernable f lower-r ' is i t ing insect for iden-

t i f icat ion to gcrtus or famil l .  Identi f icat ions uere

madc using Borrer el al (19?6) and l t 'cre con-

f irrned by G. Kraft (Western Washington

Unir.ersit,r').
An anahsis of four bumblebees and eight syr-

phid f ly pol lcn loads uas made to supplement

constancv deterninations bast 'd on observed in_

sect behavior. For bumblebee-", corbiculae were

usedi for syrphid f l ies the entire insecl as uscd,

thus counts included pol len *i thin the gut as well

as grains attached erternal lY PerccIIt  pol lcn

tvpes was determined for each insect

Flowering phenologr vas quantified using fbur

20 m permancnt lransects. The io(ral ion o[ the

transects vas establ ished bJ rnarkirg the northern

and southern borders of the slud) area at I  meter

inlervals ( l-20) ard randomly choosing a lneler

locus ( l-4, 6-9, l l - I4, l f i '19) from rvithin each of

the four 5+neter intervals. All open flo$ers (flouer

clusters in the case of dense inl loresccrces, e.g,

those of Orltropis catnPestris, Pha<:eLirt sericea,

SoLiLago nultiradiala, and Sedant Lant:eolatum)

withir l  a one meter swath along thc lransecl were

counted. Phenolo€ry was recordcd oncc each $cek

throughout the l981 f1o*ering season.

Results and Discussion

The planl -rpecies of the ChoNder Ridge fel l- f ielcl

communit-r are l isted in Table l ,  alolg rvith their

prominencc value ( l 'V), pol l inirt ion strateg-l '

f l n ra l  n ro rphu lug r . l 1 . , r a '  "  ' 1 . , r .  cnd  i ' r 'Pc l  t i ' i l L ' f : '

Dominant planls, bas.d on PVs, nerc f)t1' tropis

canrpestr is, Cerasl iunt arNense, lgroplro conr

nun, Phlox clLlfLLsa, and Potentilla dixerslfulia.

Bare ground erceeclcrl  .50 Pcrcent coveragr (69

pcrcenl),  a characteri-ct ic of fel l- f ield rr)nrrnunit ies

(Douglas ancl Bl iss 197?). Plants wcre scattcred'

t ,-vpical i l  clurnped, and most exhibited a cushion

grol! th form.

22 ShJ\  und Ta\  l , , r



Among lhe prirrcipal plant species, the
"open" 

f ioral morphology was most common,
lbl lorved in order of decreasing occurrence by
" i nc ' onsp i cuous "  (g ram ino ids ) , , , sma l l  t ubu la r , '
( compos i t ae ) ,  " pa r t i a l l y  

exposed , , ' , , l a rgc
tubular," and "closed." 

The lattcr tr lo types
'!ere each reprcsented by a single abundant
species. I tredominant f loral colors ryere vel lo{
and  wh i t e .

F ower V sitors

Tablc 2 prcsents nurnbers of insect vrsrts to
f lowers or inf lorescelces of principal plant
specres, as determined by watch periods and
transects. Unfortunately, based on supplementary
obscrvations, the numbers are biased. During
visits to Chonder Ridge prior ro Jul l  28, incle-
ment wcather (Ibg, rain, and even snow) restr icted
insect act ivi ty, especial ly that of bumblebecs, bur
terf l ies, and svrphid f l ies. Thus, early f lowering
:p ' c i e -  t l  p i ,  a l J r  p , , l l i n . r r ed  b r  r he .e  i n . " c r s .  e .g . .
Phlox rltlusa, SiLene acaulis, Phacelia sericea,
OxJ'tropis carnpestris, and Potentilla species,
haye loler visi tat ion numbers than would be ex-
pected. Also, in Phacelia sericea, Sedum
lanceolatum, and thc Compositae, the entire in-
f lorescence r,as treated as a single unit  result ing
i n  r t r m f a r a t i r  " h  I o r r  r i s r t a l i u n  n u m b e r . r i n r "  i n -
sects tended to probe scveral f lowers per inf lor-
escence for cach recorded yisi t .

Major l1ower-visi t ing insocts, discussed belorv,
were bumblebees, svrphid f l ies, muscoid f l ies,
bu t t e r f l i es ,  anc l  p r im i t i ve  11 ies .  A l t hough
primit ive f l ies are not general ly thought to be im-
portant aipine pol l inators, Levesque and Burger
(1982) l isted daucc f l ies (IJmpidioael among
visitors 1o Mhuarth groenLandica and Kevan
( l q 7 2 b )  . " n . i d " r -  " n r 1 , i d .  r o  L . .  i n , p o r t a n l
pol l inators in the high arcric.

BtLmblebees Three bumblebee specres r lere
obserr 'ed visi t i lg f lorvers nithin the studv com-
Inun i l \  o r l  Ch , , r . dn r  R ide "  Bombu :  np lanopy
gu-s, R. ,Iali.frons, and B. boleatu.s, the latter otr-
served infrequently. ' l 'hesc 

bees preferrcd the
" i nsec t  spec ia l i - . 1 "  f l o l e r s  o l  O ry t rop i s
campestr is arr l  Phocelia serlcea r,rhcn avai lable
earl! in the scason, Sedun lanceolatum, Solidago
nult iradiota, in midscason, arr. l  Aster sibir icus
rr late scason (see Tabie 2). The latter three
species hale "general ist" 

pol l ination strategies.
Other "gcneral ists" 

rere r. isi ted b,v bumblebecs

but probably only exploratori ly since so few
visitat ions were recorded. Final ly, bumblcbees
\ ' !erc unavailable to take advantage of thc earlv-
f l o " . r i ng : rnd  r . r r  ahund rn r  Ph t i  , ! i l l u t o  du ' r -
ing the l98l season (See Table 2). Horvcver, we
have frequentlv observed quecn bumLrlebees for,
aging on PhLox tliJfusa on Chowder Ridge.

Pollcn types col lected from four bumblcbees
suggest that those bees were majoring on lwo
species at one t ime (see Table 3).

Syrphid Jlies-Syrphids, represenrcd lry
ser.eral spccies, did not become abundalt in lgBl
unti l  late July. Aftcr this t ime they uere frequent
visi tors to rnost gencral ist plants and ner(j  ob-
served to visi t  species with olher pol l inations
s t ra teg ies ,  i nc l ud ing  g ram ino ids  (Ca re r
phaeocephaLa and I'oa aQtina) and Phacelia
sericea. ln these cases, the svrphids probably
foraged on pol len lr i thout contacting st igmas and
without effect ing pol l ination.

Pollen samples l iom cight svrphid f l ies in-
J i ca ted  ra r i ab in  f o rag ing  heha r i o r .  Some  i ns . c t s
fed exclusively on one plant specics rvhi lc others
exhibited l i t t le constancv (see Table 3). Syrphids
had large visi tat ion numbers, as shown in Table
2, suggesting their importance as pol l inators in
alpine habitats. They prcferenrial ly foraged on
cushion plants with dense mats of f lulrers, e.g.,
Saxifraga bronchialis and Cerastiurn uruense,
with several f lowers typical ly being sampled fronr
each plant.

Musco id  f l i es  Musco id  f l r es  we re
represented b! numerous species of four famil ies:
Anthom_lidae, Muscidae, Callophoridae, and
Tachinidae, the anthomyids being the most abun-
dant. The muscoids were present in the fel l- f ield
communilv throughoul the season and, along
rvith primit ivc l l ies, were abundant carl l  in July
uhen other pol l inators lere unavailable or werc
inactivated by the cold and inclement weathcr.
Likc the srrphids, thesc l l ies preferred open,
borl-shaped f lowers such as those of Cerasti .um
arxense, Saxtfraga bronchialis, and PotentiLLa
spp., and had high visi tat ior numbcrs (see Table
2). Ther also visi tcd the short-tubular { lowers of
various Compositae.

Butterf l ies Sevcral spccies of butterf l ies
(lep iclopter ids) u e re observcd in the lel i- f ield com-
munity, the most abundanl being checkerspots
and tortoise shclls ( Nynphalidae\ and blues (Ly
caenidae). Other lepidopterids observcd r lerc
anglewings and fritillarics (I'yrzplralldae), nhires

Pollination Ecologr of an Alpine Fell-Field Communiry in the 1r-orrh Cascades 23
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TABLE 2 .  NLrmber  o f  o l rsc r red  insecr  ! ,$ ts  ro  l lo$ers  o r  h l lo resccn.es  dur ing  2  mer t r  p lo r  sa tcb  I rc r iods i t ransec ts  wa lk !  a

Planr Specicsb

Prnni t i !e
Fl i .s

Svrphir l
F l ics Fl ies Bul ter l l i ts

Achi l lea n, i l le lo l ium

Erigeron con,posirus

Orytropis carrpestr i "

Phlox di { lusa

Porent i l la  d ivers i fo l ia

Sar i f raga bronchial is

Sedum lanccolarun'

Sol idsgo rnul t i radir ta

Toral

l9 i0

l i0

?r0
10r;

: i l

l i l 3

l i 0

20i l ! l

0 i l

t3, t i l8

9t3

56i21

:1, I

i i l  I

28r l i )

224t2r

6 ? 1 1 6

8 1 i 4

609i106

63i22

l i 1

3 i l

I it)

l i l 5

'13r12

t05i l . l

6 i 1

22il

25i i67

33i10

6t i28

0r l

245[8

9i0

36Ui57

0 , 1

6 ' 1

2i0

lAt2

aThe nunrber  o f  l i s i r  a r i {  t t s  ro  , t ch iL tea  a td  PhLor  a re  lo$er  lhan erpc . ted  bccaur  peak  l lo ro ing  fo r , ' l c l i l l ca  uas  a l tc r  counts

qere  n ,ade and Pn lo t  f lo$ . red  bc fore  i t s  Dra jo r  po l l inarors  appe l rcd  in  the  fe l l ] ie ld

bSn. "  ,p " " i "s  o f  thc  fe l t  f i ck t  conr rnun i r l -  uere  nor  obs . rved to  be  v is i ted  b)  ins . . ts  dur ing  {a l .h  pcr iods  or  t ransc ' ts  and

are  r } r r : re lo rc  no t  inc luded here

(Pie r idae), skippers (-Flesperlidae), swallowtails

(Papil ionidae), alpines (Salyridae), and several

undetermined noths. The lepidopterids primari l l

v isi t  tubular f louers such Phlox dif fusa' Si lene

acaalis and Compositae, ut i l iz ing their long prob-

ing/sucking nrouth parls to reach concealed nec'

tui.  t"  tgSt, ho$cver, butterf l ies were not ob-

served on Chorvder Ridge unti l  aftcr 6 August,

when P,'r lor and Sllene had f inished f lowering

(see Figurc 3 and Table 2). In subsequent years
'we have obscrved butterf l ies foraging on these

cushion plants on Chowder Ridge.

Primit iue f ies These I l ies *ere represented

by three famii ies: Xl,r 'celophi l idae (fungus gnats),

Bibionidae (March f l ies), and Ernpididae (dance

fi ics). The"v vere alrundant early in the f lower-

ing scason and r lere most frequcntl- l  observed

oi Potentella dixersifoLit' P. xillosa' an'J

Cerastium arxense.
M isc el laneu us insects-0thcr observed f l  owcr

visirors includcd ladybird beetles (CoJeopterai

Coccinel idae), piant bugs (Hemipteraitr{ ir idae)'

ancl sol i tar-v bees (Hl mcrtoptt ' ralfam i l l  undeter-

rnined). These insects werc not considered to be

important pol l i rators. The bugs and beetlcs did

,rnt f lu frn- f loncr to f lol 'er and lacked pol lcn

" " r r ' r i nu  "ap " ,  i t t .  and  s , , l i t a r r  bee :  r ' e re  ru re  i n

the commu it-y ( lhree individuals obscrred dur-

inq two f ield seasons) Holever, ladtbird beetles

*Jr" "oln-on and werc frequently observed with

their heads buried in f louers, apparentl-v seek-

rng nectar.

Poll nat on Strategies
T h r e e  p o l l i n a t i o D  s l r a t e g r e s  w e r e  r e l l

represented among the dominant plant specles

of thc fell-field co-t t,.rnit-r, wind (Agropyron

caninun and Poa alpina), insect general ist

(Cerastiurn anense a:nd Potentilla dixersfuLia),

and insect special ist (Orrtropis cdntpesttts ard

Phlox tti;ffusa). Sce Table I for a surnmation ol

p ' l l i na t i on  . t r a t ' g i . "  . r nd  p ro rn in r r r r "e  ru l L r " '

bn "  o l  t h "  cunsp i ,  uou -  spec i " .  n f  t h r  l e l l - f i e l d

conrmunity, Draba palsoni i ,  is reportedly

asamospermic (Mull igan l9?l).  fhis dense

cishiolr plant ua-q the f irst to f lower in the fel l-

f ield community and uas visi ted onl l  b,r primit ive

f l ies.

Flower ng Phenology and Pol lnation Patterns

F isu rc -  2 .4  de f  i '  t  t h .  f l o " ' r i ng  p ' r i nd .  o l  l \ ' " 1 \P

c ' m m n n  i r ' - . , i t  p o l l i n a t e d  p l a n t s  i n  t h e  f ' l l - t i e l d

communit l  during l98l The f irst ol thesc plants

to peak in flonering was Phlox diJfusa Thls

26 Shan, and favlor



27I 'ol l inat ion Ecologr of an Alpine Fel l-Field Conrmunitr in the North Cascades

3 - * f r s n =

- . = ,
1 - r = i i b ! n i

: - r . o - O t : , i ; r

;  n ' a ' , i  i  6  a  . j .

i i : :

, 5

€

=

i

E

a i

=

a

.:

a

j

-:

=

j

!

-



/ ^e!

/:-' l
o - /

a9

F i g u r e l . \ { a p . h o $ i n g t h r L o c r l r r ) n o l r h e s l ! 1 1 \ r r e a ( : t r r ) : C } o ' L r l e r R i d g e ' N l o u n r B a k e r a r e a \ \ h a t ( ' r C o u n t l \ \ a ' h i n g l r ) d

2B Shar  and ' f a t l o r



roo

90

80

70

60

50

40

30

20

l o

o

too

90

80

70

60

50

40

30

20

to

o

roo

90

ao

Qeote^t n a*',"t 'o

ffi eorontrro " ro"o

= sdr r,oeo brcrch,o is

m cs6ri,m oryeEe

Qeae,on "o^eo'uus

m Soldogo muhtrodioto

fr.r",*"u","^

F I 6 U R E  2

F IGU RE 3

Qeto, a tnso

ffi srrerc r""r,s

Eo'yr.opr, co.perrrr

J

F
)<
LIJ
(L

I

k
J
LrJ
E

z.

lrJ
=
9
F
z.
uJ
o
E
l|-l
(L

DATES 198I
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cariy f lorvering trait  seemed non_adaptive sincc

ih" sp"cial i . t  pul l i t tators \ !ere not vet avai lablc

at this t ime (see Tablc 2 and Figure 3) Honever,

in ; ' .e".s . . , i ."q,r"rt t  to 1981, butterf l ies and'

csp"cci^l lv, bumble[rees have bcen observed

vi i i t i rg PAlor. Phlor is most l ikelv an inportant

ncctar;ource for early seasoo queen bumblebees'

Potentilld .-illosa and P diler'si/olia flowered

s1'nchronouslY irs did Cerastium anrensc and Sat

i iaea broncit ial is (see Figure 2) These four in-

. ec i - ge , t c ra l i s t s  had  a  r cco rded  ( l 98 l )  peak

flol 'ei ing t imc of 6 August. This scems at odds

t ' i th rhe popular ther.rry that the f lowering

uh rno l . , s i " .  o f  - pe ,  i , ' . , ha r i ng  p ' - ' l l i na t " r '  t ' nd

i o  d i ' . . i " .  i n " r " r ' i n g  1 " ' l l i n a t i o n  " f l i '  i e n '  1  a n d

rep.od., i t ive su"cessl l ,evin and Anderson I970'

Mosquin l9?l).  Howcver, sYnchronous f lowering

-r" a".u" lo attract greater numbers of poten-

t ial  pol l inators to alpi ie communit ies, mostly f l ies

in ihis case, increasing thc chance oi cross

poll ination. Macior (19?1) suggesred this as a

possibi l i t -v ir |  the alpine w here 
. lopography 

ard
'ci i-at" 

often Limit plant populat ion size This

i,1ea is supported brj  Wil l i int.  and Batzl i  ( I982)

*ho shorled increascd sced sct in intcrspccif ic

stands oI Pedrcularis as opposcd to single species

stantls. A third interpretat ion is that slr lchronous

f l o r re r i ns  i .  . imp l r  a  r '  l l e '  t i on  o f  gon " t i ca l l r

bcs ' J  oJuo r tun i 'm ,  i . '  .  " i  r h '  p l an t '  r b i l i t '  t ' '

take adl 'antagc of a l imited suitable l lowering

period. and has l i t t lc to do $' i lh coadaptation \r i th

insects or uith interspecif ic intcraction'

ln contrast to those of f l1'pol l inated plants'

o rak  f l n$ ,  r i ng  t i n r r .  o l  humh leLe '  n ra j " r -  I ' e re

.p tuJ  " ' " r .  ' . ' e r  ' l  " ' ,  k '  t ' e ' f i qu re '  3  anL l  l ) '

I n  r h i -  r ' . p e '  t .  t h "  C h o s ' l r r  R i d s '  t ' l l - f i e l ' l  i '

s imilar to other comrnunit ies where bumlr]ebees

arc imDortant pol l inators (Reader I975, Heinrich

lq7oL ,  l ' l . . r sen r -  l a8o t .  A tu rn .  hos " re r '  cau t i on

shouli  be taken i l  intcrprtt ing lhesc results The

apparenl co peti t ive displacement of l lovcring

t ime -  r s  ' r l r i h i t eo  I r  l ' umb le l ' ' '  r n r r j n r '  e ' pc -

r: ial l t  those I irh general ist pol l inatioi l  str ir tegies'

mal also simpll  ref lect opportunism, this t imc on

l l r e  pa r l  u l  r h , '  b '  c -  S i r r ' "  b "  co l ' ' n i "  d ' pnnd

, , r  r  con l i r r uL ' t , :  - . , L r r ,  "  n i  f l o ru l  i ouL l '  t he r  ne '  -

e-"sari l t  major cr l  species with tcmporal l ' r  dis-

persed'phenologies. Specie-c such as !sler si6ir i 'ds

thert becom" bee rnaior-t  becaase thcr are

avai l i rble at an opportune t ine, rather than hav-

i n r :  c rn r reL l  - r . nd r r l e  p ,  ah  l l o r c r i nq  I ' e r i od '  i r r  r ' -

:DUn .c  l o .umt r . l i l i on -  I n r  hum l ' l ' l ' r e  1 ' o l l i n ' r t " r '
Phenological data have not been provided for:

Achi l led mitkhLiun' rvhich achieved peak 11. 'wer-

ins aftcr I  September, the date that l ield analyses

we-re termin:rted; Hapktpappus l1'allii' which by

chance did not occur along the phenology tran-

sccts; and plarts uith prominence vahres of less

than 0l (sec Table l) .

Conclusions
Although rve cannot quanti fY thc relat ive im'

oortance oi pol l i lators in the Chouder Ridge fel l-

i i " l . : l  "oro*.,nit-r,  i t ' is obvious from numbers ol

f lower visi tat ions that bumblebees, svrphid f l ies'

antl  muscoid f l ics are al l  !err important, butter-

f l ies ancl primit ive [ l ies less so The relat ionship

Le tqeen  f l o r J I l  mu r l ' ho lng1  anJ  i n ' c r t  r i ' i t u r  s  r '

consistent 1! i th expectat iorls based on publica'

t ions cited herein. Ihe results of phcnoiogical

analvses i ldicate that planls rr i th gcneral isl  pof

l ination strategies tend to f lol | 'er svnchrcrrouslr '

oerhaps as an adaptatiol l  for greater lnsect at-

iract ion, vhi le thosc I ' i th sperri i r i ist strategics

l l u e c r  s P q u c n l i a l l \ .  p . r h a p "  d u '  l u  r n r n l ' P l i l r v c

cJisplacement. I t  is suggested, horvc!er, that thesc

results mal merelv ref lect opportunism on the

part of the plants and spccial ist pol l inators (bees)

re.pcctiuel l ' .  Final ly, observation-" of alpine com-

-unit i"a on Chowder Ridgc over a sereral rear

oeriocl have resulted in our apprcciat ion of thc

' i"or tu ueor variat ion in f lolering phenolog'v'
' f h .  

l l on . r i ng . . , 1 r "nee  n l  r " p r r ' ' en t r t i r '  ' n ' '  i e '

remains rnore or less consistent but the t inle ol

rhe f loncring peak, the lerrgth of the f lonering

period, and the extent oI f lorering overlap varl

consit lerablt according to ragaries of thc

wcather. Aiso, the avai labi l i t r  of 
"prcferrcd"

ool l inator-" is inf luenced bl the r leather, a case

in ooinr being the apparent absence ol buttcrfLies

ond b,rt t t l , lebces during the peak f lowcring pe

riod of P/rlor diffusa I'n l91l lhe alpinc com-

rrrunit ics of Chowder Ridge are esper: ialh sensi

t i le to cl imatic l lucluations bccause of the south-

facing exposure and associatcd lvater stross
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