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lntroduction

Primart successional plant conlmunit ics Iorm a

. i g n i l i '  a r r t  '  u n r f n n '  n l  n l  t h e  r '  g e r a t i " r r i n  m o u n -

tainous regions becausc nen land surfaces are

continual l l  being exposed b,l  erosional fbrces As

earl l  as 19I6, Cooper dcscribed succe-'sional

vegetation on nlorainal and glacial orr lwash nla_

terials and reports of similar research in glaciated

areas are numcrous (Crockcr and Major 1955,

Tisdalc et al.  1966, \r iereck I966, Lawrence et

ol.  l9?4). Although most major r iver val le,vs in

the Canatl ian RockY rnountains contain areas of

al luvial gravel bars, tbe plant commrrnit ies col '

onizing these areas and the factors control l ing

their establ ishment have ot bcen srudied This

paper describes the vegetation of gravel bars

itpical uf t ] tn.c founcl in r irev val lels along the

, , . " t . r n  - 1 , , 1 , .  , , 1  r h '  R o c \ r  I n u u n l a i r r '  i n

soulheaslern Brit ish Columbia.

Study Area

The Blaebcrrl  River rurts soulhl 'est through thc

1lestern ranges of the Rocky mountains to join

rhe Columbia Rivcr l6 km north of Golden, B C
' lhc 

westcrn ralges consist of sedimentarl  and

etamorphic rocks, mainh l imcstonc and quart_

zite, and are deeph dissectcd thrcrugh glacial ard

stream crosiort (HolJand l9fr4) Outvash f iom

alpine glaciers has been deposited along several

sections of the Blaeberr- '-  ral lcy to form nclr lorks

of channels and bars Our -"tucly site, si tuatcd at

an clevarion of l900rn asl(5lo 34'N, l l6 '48'W)'

'P rcs .n t  addres- . :  Dc l l t tmf  n l  o lBo l {n \ '  L t i \ ' r s i t r  o l  A lLer ln .

Ldnronror ,  A l | f r ra ,  Crnrda  T6G 2E9

is represcntativc of a braidcd section of r i ter l3

km ir length.

The forests of the upper BJaebcrrl  val lel  ad-

iacent to the studl si te are doninaled br
'Engelmann 

spruce (Picea engeLmannii) a:r'tl s:ub'

alpine f ir  ( .46ies losiocarpa) on the val lel ual ls,

and br whitc sprv:e (Picea glatLca) and black cot'

tonvcrod (PoTralzs lrichocarpa)) on the ilood plain'

Be l l  ( 19? l )p l aced  t he  va l i c )  bo t t oms  i n  t he  sub -

borcal spruce zone and the upper slopes in the

Engehnann spruce-subalpine f ir  zonc of Kraj ina

(1965). Rowe (19?2) describes this parl  ot the

val le) as Interior Subalpine Forest

' lhe closest meteorological stat ion to the

studl si te, Gr-, lden, B C., arerages 50 cm ol pre'

cipitat ior annuall-v * i th '10 percent fal l ing as

sn,r*. J"rtr la.y is the l lcttest r ionth r 'rhi lc Apri l

is the driest. Average monthlv temperatures

range from ' l  l  6o C in Januart to 17.2' C in Jul,Y'

* i t h .eue r t  mon ths  wa rmer  t ha r  0o  C  and  l ?0

frost frec days annually. Thc study site is higher

in clevation and farthcr into the mountalns than

Golden and probabll  has lower lempcratures and

higher precipitat ion

Methods

Fifty releves $'ere located in homogcrleous stands

of vegctat ion uhich appeared' on the basis oI ini-

t ial  si to reconnais-qance, to represe t dist inct com-

muli t ies on the bar complcx. Plot dimcnsions

uere dictatcd bY thc size and shape ol individual

stands but $'erc bascd on ninimal areir deter-

minations in each oI the reconnaissance comn]u_

nit-v t,vpcs.
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Each rt ' leve inclui ied a l ist of al l  species found
in the plot rated lbr cover and aburrdance accord-
ing to thc seven point Braun-Blanquet scale.
Local habitat condit iorrs wcre described in terms
of size ald nature of the stand, surrounding
vegetation, -. lope, rnicrorel ief,  rnoisture rcgime,
drainagc, and e-rt imalcd frequencv of f looding.
Pits ncre dug in each plot to cxarninc soi l  tex-
ture, prol i le characterist ics and water table
depth. A r.oucher col lect ion of al l  plant species
rccorded is on f i lc in the Herbarium at thc Uni-
vcrsitr  of Victoria (UVIC).

Florist ic clata rverc anaivsed using the Table
Nlclhod of El lenberg (1956), laci l i rated by a com-
puter progranr uhir:h pcrlbrmed the init ial  sort-
i ng  (Ceska  and  Roene r  l 97 l ) .  A  desc r i p r i on  o f
thc l  abie \Iethod is given by Mueller-Dombois
and Elienbcrg (197.1).

Of thc species grouls geDeratcd by thc com-
puter progranr using dif lcrent sort ing rulcs, those
which best ref lecled r:ondit ions on the bars ryere
chosen. The selected group-q nerc.eorganized to
i r r r l i r a r ,  t h .  , 1 i . 1 , ,  r - a l  o l  t h e  . u m r n u n i t \  r \ l c .
along thc prelai l ing environmenlal gradicnts us-
ing the program's rervri t i tg mode. Final sort ing
of the data table was donc bl '  hand to emphasize
re la t i o t r sh ips  umong  commun i t v  t vpes .

Results and Discussion

Analrsis of the f lor ist ic data produced lour
specics groups ( ' fable I).  In addit ion, two single
species "groups" were recognized because of
their value for dif ferenl iat ing comrnulrr l  rrpes.
Named aftcr the sper: ies dorninanl in each, thel
arc the Carex. Juncus, Parnassia, Epi lobium,
Popuius, arrd Dryas groufs.

Thc  spec i cs  o f  t he  Ca rex  g rou l  a r c  n ros r
prevalcnl in wcl area-c but occur wideiy on thc
L i ] r  e , , n r p l e \  i r r  J u '  a l i , ' r r .  \ i r h  \ 1 ,  t  r o  r n c . i .  n r n i - -
ture regirnes. The Juncus group is rcstr icted in
distr iLution lo the wcttest si tcs o thc bars, olten
grol ' ing in si l t  deposits adjacent to standing
water. The specics of t i rc Parnassia group are
most oftcn obsertcd growing in moist sandl
uepU. i t .  r , , , ng  rhp  - i L l , -  . r  J ,  1 , r . . . i on ,  a r rd  . , l d
r i ve r  chan l c l s -  Thc  Ep i l o l r i um g roup  i s  u i de l y
distr ibuted in sandl to grayelh area-s with moist
to nesic moisture regimes. The I 'opulus group
is restr icted lo stablc areir-q in the ccnter of bars
*hcre mesic condil ions prcvai l .  Tl ic Dryas group

consists ol a single species, 1)42 s t lrunmondii ,
which forms cxtensivc mats in xeric, gralcl ly
locatrons.

Six conrmunity types $erc dif fercntiated on
the basis of presencc or absence of the spccies
groups. The cor[murri tv types ere rramed
according to thc dominant spccies group and
edaphic charactcrist ics as fol lows: the Carex Wct
Depression, Parnassia Si l t  Channel, Parnassia/
Epilobium Deep Sand, Epi lobium Shallow Sand,
Populus Stablc Bar, and Dryas Dry Gravel com-
munlty rypes.

L Carex Wet Depression Community Type

The Carex community tvpc is characterized by
the  p rese r r '  r .  u f  t h r .  Ca re r  r n .1  J r rn ,  u .  . pc r " i e -
groups and is dominated by Carer oed,cri ,
Ilquisetum uariegaturn and Juncus alpinus. Other
common ly  occu r r i ng  spec ies  i nc l ude  Des -
charnpsia cespitosa, Sali farriea and .isrer
ieVerlu.t .  This typc is found in depressions and
old channels where f ine sand and si l t  have ac-
cumulated. The depth to water tablc ar the trme
ofsampling averaged 27 crn (range l5-40 cm) en-
suring that hygric condit ions prevai l  throughout
the vear. Flooding of this community probably
occurs annuallv ryhen the $atcr tablc r ises in
spring f lood.

2.  Par fassta S l t  Channel  Communi ty  Type

The Parnassia community type is charactcrized
by the prcsence of the Parnassia and Carex
spccies groups and part ial  occurrencc of the
Epilobium group. The dominant species are Par
nassia palustris, Caret oederi and Equisetum
uariegatum.In addit ion to members of the spe,
cres groups mentioned, Sal ix f trrr iae, S. uoff i i ,
Aster hesperius, Prunella tulgo.ris, Calamagros-
tis incrpansa, antf Julcus aLpinus ma\ oact\r.

Conrnunit ies of this type are commonlv
fuund  a lunq  l o ! . e r : l op r . -  a r rd  bu r rnm.  o t  o l d  r i r e r
channels nhich hale becone f i l led rvith si l t  and
fine sand to depths of 20-25 cm. Water tabie
depths average 46 cm (range 30-55 cm). l  his rype
often occurs around wet depressions occupied br
the Carcx t1pe. Flooding probabll  occurs everv
2 - l r r 3 r . .  " 1 1 1 , " r .  a 5  i e p l , d g .  l r n r r r  r i . i r r s  g r , u n d
water or low velocitv f low over the surfacc of thc
bar.

\ , 9 . t 6 1 1 e n  C n l o n i z i n g  R i r . r  C r a r , l  B a r -
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3.  Parnassa/Epi  obum Deep Sand
Commrnun ty  Type

The Parnassia/Epilobiurn community type is
characterized by the Parnassia, Epi lobium, and
Carex species groups and is stronglv clominatcd
by Parnassia palustris and Epilobium lat{oLiurn.
Othcr species rvhich mar occur include Salfu,for,
riea, S. uolJii, lster hesperius, Prunella xulgaris,
Solttlago canadensis, and Drlzs tlrumm.ontlii.
This tvpe occupies old channel posit ions similar
to the Parnassia tvpe but the soi l  consists of l5-30
cm of coarse sand ovcr gravel. ParnassialEpi lo-
bium conrmunit ies are often found in upper slope
posit ions around depressions that support the
Parnassia type.

4. Epilobium Shallow Sand Commun ty Type

The Epilobium commulitv type is characterized
b r  t he  Ep i l oL ium an , l  Ca rex  j pec ie \  g roups .
Epilobiunt lati.foliun is sttong,)y dominanr. Salrr
Jbrriea and Aster lrcsperi.us occur commonly
vihi\e Dryas drummondii, S. aolJii, and members
of the Parnassia species group may also be pre-
sent. Communit ics of this type are found in
shallol depressions and upper slopc posrnons
urth an averagc water table depth of45 cm (range
30-60 cm). The soi l  consists of a 2-B cm laycr of
coa r l c  cand  o r " r  g ra r , ' 1 .  Thc l  u f t en  oc .up1  p65 i .
l i onc  b ' t r l ecn  Pa rna . . i a  E l i i ub iL rn r  cumrnun i t i " s
on depression slopes and Dryas communit ies on
the top of thc bar.

5 Populus Stab e Bar Commun ty Type

The Populus communitv typc is characterized by
the presence of thc Populus and Epilobium
specics groups. I 'wo phases are dist inguished bv
the prcsence of either the Carex or the Drvas
spee ie .  g roup .  Th i .  r un rn ru r r i t r  t \  np  i .  L l um in r ; , d
bv long lived roodv perennials inclu)ing Populus
trentulott les, Sal ix farr iae and S. uolf i i ,
Epi. lobium latfol iun is thc dominant herbaceous
.p r '  i . s .  O th " r  . on rmor r l .  r , r " cu l r i ng  . p r1  i , -  i n -
clude ,4sler hesperiLs, l .  ci l iolatus, Casti l leja
miniata, Ilabenaria hlperboreu, Picea glatLctt,
and PruneLLa uLlgaris.

This communitv tvpe is gcneral lv fbund in the
cenler of ba.-s often 1\herc there is a sl ight r ise
or knol l .  Water table depth averages 50 cm
(range,10-60 cm). The soi l  consists of a larer of

f ine sand and si l t  B-15 cm deep ovcr gravel. The
upper 1,3 cm of thc si l t  layer is enriched with
organic matter. In some locations the f iner sur-
facc horizon appeared to have been deposired in
the sianding vcgetation.

6. Dryas Dry Gravei Community Type

The Drvas community tvpe is dominated entircly
lry Dryas drummondii. Salix farriae, S. wolf.i, aru)
Anaphalis margaritaceoe occur occasionallv. This
eommun i t l  t l pe  i .  l ound  on  t hp  t op .  o l  b r r . .
mainly on the upstream end, rvhere f loodwaters
have removed sand and si l t  leaving onlv coarse
gravels. The uater table depth of 60 cm and the
. o a r s p  t e \ t u r e  o i  t h c . n i l  m r r l e  l h r . "  s i t c s . x -
t r .me l r  J r - v .  Du r i ns  f l oud ine .  t h i .  r . ommun i t )
type is exposed to the ful l  lbrce of tne rLyer cur-
rent which can cause scvere disturbance or de-
struct ion of the vegetation cover. 

' Ihc 
prostrate

habit and woody stems and roots of Dlzs makc
it wel l  suited to such severe condit ions. In addi-
t ion Dryas has a symbiotic associat ion with
nitrogen-f ixing organisms which undoubtedlv in-
'  r e a . e s  i t s  a b i l i t )  t o  c o l u n i z e  r h c . "  i n t , . r r i l e . L , i l s
(Lawrence et al. 197 4).

In addit ion to thc six communitv types de-
scribcd, the data analysis generated tuo tvpe
fragments, one having af l ini t ies with the Carex
and Parnassia communit ies and lhe othcr hav-
ing alTinit ics with the Drvas comnunit ies. These
fragments could not be considered as separate
community tvpes because they were represcnted
bv onlv two relevcs each. I t  is not knorvn vhether
these fragmenls are mere anomalies or i f  they
r P n r e s p n t  i l r f r p q u e n t l J  o c r u r r i n g  c u m m u n i t i , .
which would have bcen apparent in a morc ex-
tensive survcy of bars in the Blaeberry val ley.

Distribution of Community Types
The  B l . r " he rn  R i r ' . r  g ra r . l  b r r  commun i l l p .3p -
pear to be distr ibutcd in relat ion to edaphic site
condit ions, part icularly soi l  texture. Tcxturai dif ,
ferenccs betr lcen local ions on a bar arise through
differcntial suspension and deposit ion of sedi,
ment during periods of f looding. Watcr f lowing
rapidly over the top of a bar l i l l  pick up f ine
tertured materials, leaving behind coarse sands
and gravels. When $ater entcrs an old channel,
cut ofT from the main r ivcr, the l lon rate

Vegetation Colonizing River Gravel Bars l l



dccreases, giving the f iner part icles l ime to set-

t le. This piocess produces the typical textutal

qradient observed along a transect from lhe top

Jf " ba, i ,rro  ̂  dcpt"ssion (Figurc l) .  Water tablc

clcpth also changes along this transect and

to ie the r  t hese  pa ra rne te rs  de te rm ine  t he

moisture regime irt  a given location'

water table to the ground surface makes i t  more

l ikelv that plants can access capi l lary vater, par-

t icularlr  sincc the si l t t  material would not restr;ct

root grorth. The nutr icnt status of ih{ 'se sites

woul, i  probably be better than the bar top loca-

t ions l iccause of the higher nutr ient cxchange

capacity of f ine textured soi ls. The main rcstr ic-

DRYAS EPILOBIUM

:o:<

;:ll SlttlO

SihootilXU/^ti

PARNASSIA

SILT

5 c m ::rc Y;e
:ri'-s 'o . '

Figurc L

Lou noisture holding capacity ancl rapid

drainage of the coarse gravel of the bar tops and

the maximum observed watcr table depth in these

locations makes thern cxtremeh drl  during the

grol ing seasort.  Coarse tcrturcd soi ls have a lorv

nutr ient exchangc capacit l  {nd, consequentlv are

infert i le (Black 1968). ln addit ion, the conpact

naturc of thc gravel and preponderance of peb_

blcs and stoncs make i t  di f f icult  for establ ishing

seedlings to develop a rool svsten, reducing their

abi l i t l  to access rvhat l i t l le nroisture and nutr lents

arc ar.ai lablc.
h conlrast, the -. i l t r  soi ls of the dcpressional

arcas have a high ntoisture holding capacitv and,

uhi le potenriaifv rel l  clraincd, arc less permeable

than thc gravcl l l  soi ls. fhe close proxirnit l  ol  the

WATER TABLE
I  s .hen ia t i .  c ross  s f (  r ion  o t  rhe  grave l  b , r r  s lmwing th '  d is t ' ibu l ion  o f  comm!r i ty  l r l ' s  ln  r ' l a l ion  nr  !o i l  te r lu re

d .d  ${1 . r  l rb lc  de l lh

t ion to plant gro$th in si l t l  depressions mat be

thc frequency of f looding which causes the

rooting ione to be saturaled at regular inl-ervals,

part icularl l  earlv in the groring seasorr '  lhis con-

i i t i u r r  . " t ' l ead  l o  roo t  ox -v -  gen  c l e l i c i eno  r i t h

u  "ou "u t t i t ^ r t t  r educ t i o l  i n  r oo t  g fow ih  and

nutr ierr l  uptake. ln at ldit ion, l fet soi ls $arnl up

slowlv in the -.pring so thi l t  onset of the grol ' ing

seiLs;n mal l t"  d"lar"d (Brad1 1971) Seedlings

co lon i z i ng  t hcse  s i t es  uou ld  be  comp le te l l

submcrged  and  sub jec t  t o  d rown ing  du r i ng

spring high watcr.
Depressional -. lope posit ions. rvhi lr :  noi as

moist as the loner si les during the surnmer,

lrould not be subject to prolongcrl subrnergencc'

Slope posit ions rrouid halc a nrore lavorable

12 Fr : les  and Bc l l



moisture regimc than the gravel arcas of the bar
tops and therefore probably reprcsent the most
favorablc environrntnt for ini t ial  colonizal ion of
t he  ba rs .

Success iona l  r e l a t i onsh ips  among  the  con -
ntuni lr  trp-.s mav be inferred fronr pa erns of
f lor i- . t ic docloprnent (N{uel ler-Dombois and
Ellenbcrg l9?4). In the Blaebcrrv val ler, plart
succession on r i ler tcrraces is cl irected toward
a  vcgc ta t i on  l ypc  dom ina tec l  b r  Popu lus
t r i r hu ra t l " t  a  r J  h re r  g l , t u ru .  l hc . c  r t \ L ' . p ' ,  i p -
are consistentlv found onlv in the Populus Stable
Bar cornmunit l  type, suggestidg that this com-
munitv is succcssional ly more advanced than
others defined in this studv.

The t lo phases observcd rvithin the Populus
communit l  indicate that lhis successional stage
dcvelops from both thc Drvas Drl Gravel aad
Epilobium Shallou Sand community types. A well
establ ished Drlzs mat x i l l  ameliorarc rne xenc,
infert i le concl i t ions of rhe bar top bv adding
organic nlatter and nitrogen to the soi l .  During
periods of f looding, thc mat ni l l  reduce natcr
yelocitr and act as a f i l ter, increasing the deposi-
t i n r r  o i  - i l t  t \ h i c l r  l u r t n e r  i r r r r " r . ' s  r r r o i : l u r e
avai labi l i tv. With improved fert i l i ry and moisture
condit ions, lcss tolerant species can invadc.
Lawrencc (19?.1.) lountl  that -rhrubs groring in old
Dn'os nrats had higher griruth rates than shrubs
gro*ing on bare glacial outrvash. Cit ing the work
of Cooper (1931), he suggcsted that l)n.dr $as

very shade intolerant and would quicklv die out
once  o lhc r  spec ies  had  becomc  es tab l i shed .
S i rn i l a r  p rocesses  ac t i ng  i n  t hc  Ep i l ob ium com-
nrunity type *ould al lorv later successional
species lo invade in these areas.

Three rcleves of thc Parnassia/Epilob ium
Deep  Sand  commun i t . r ' t ype  (22 ,25 ,26 ) ,  mav  be
successional predecessors of the Epilobium com-
munit l  tvpe. In these reler.es the spccies of the
Parnassia group are not abundanl and are strong-
11 dominated bv Epi.lobiun ktifoLia. The surflciai
sand laver in these sites is within the dcpth range
of the EpiJobium conrnrunity. Local ext inct ion of
the Parnassia group species lhrough compeunon
rvith later successional species probabl_v r i l l  oc-
cur in thc future, producing stands that would
h '  r " l u - . i t i ,  d  i n  r h c  E p r l u h i u n ,  '  u r n n r u n i l r  r r l , e .

Stirnds of the Populus community tvpe were
lot lbund in dcpressions or in areas of deep sand
or si l t  tvpical of the rcmaining rclo.es of thc Par,
nassiaiEpi lobium Deep Sand, Parnassia Si l t
Channel, and Carex Wet Depression types. Thesc
cornmunit ies mav be located in areas which re-
rnain too net in thc spring to pcrmit the cstabl ish-
ment of later successional species. Thel rould
be expectcd to becomc drier as r ivor bed cutt ing
lowered  t he  i ! a l c r  l ab le  bu t ,  s i nce  t h i s  i s  a  s l ou
process, i t  is l ikelr that reactivation of the old
channels by changes in r iver f loru patterns would
causc the deslruct ion of these communit ies
before succession could occur.
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