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Abstract 

The establ ishment, growth and mortality of woody riparian vegetation 

along a reach of Boulder Creek has been monitored for two years. Permanent 

vegetation plots were established in association with instream - flow transects - 

and groundwater wells that allowed direct ordination of the vegetation along a 

gradient of flooding, based on instream flow hydraul ic model s. We recognized 

three zones based on the variable influence of surface and ground water on the 

vegetation: (1) a surface-water inundation zone; (2) a ground water mediated 

zone; and (3) an unaffected zone (vegetation unaffected by surface-water). 

Within the surface-water inundation zone (active channel) we found a strong 

correspondence of vegetation (species and species groups) to hydraulic 

position and frequency of inundation. The establishment of Cottonwood 

(Populus fremontii) and Sandbar willow (Salix exigua) is limited to this zone. 

Woody exotics are important components of this zone. The ground water 

C mediated zone and unaffected zone in this strongly gaining reach are similar 

with respect to ground water and vegetation. These zones are characterized by 

a high ground water table and the vegetation is dominated by the exotic Crack 

wi 1 1  ow (Sal ix fragi 7 is) that persists by root sprouting; Green ash (Fraxinus 

pennsyl vanica) and Box elder (Acer negundo) dominate seed1 i ng and sap1 i ng size 

classes. Vegetation impacts here are 1 i kely to come from land use and ground 

water changes (not related to discharge). Identification of relations between 

surface and ground water and vegetation dynamics will provide better 

predictions of riparian vegetation response to changes in instream flows. 

Introduction 

This report summarizes hydrologic and riparian vegetation studies done 

to date at the Boulder Open Space known as "The Cottonwood Grove." As with 

other creeks and rivers within the South Platte basin, riparian vegetation has 



always been an i n t e g r a l  p a r t -  o f  these ecosystems. Na t i ve  woody species 1 i ke 

the  p l a i n s  <ottonwood, peach l e a f  w i l l o w  and sand bar  w i  11 ow were adapted t o  
-. 

t he  seasonal f l o o d i n g  associ ated w i t h  snowmel t r u n o f f .  However, t h e  

abundance, d i s t r i b u t i o n  and composit ion o f  present-day r i p a r i a n  communities 

are fundamental ly d i f f e r e n t  than they  were h i  s t o r i  c a l  l y  (Knopf and S c o t t  

1990). As we have a l t e r e d  aspects o f  stream hydrology, so t o o  have we a l t e r e d  

the  phys ica l  and b i o l o g i c a l  cond i t i ons  t h a t  shape r i p a r i a n  p l a n t  assoc ia t ions .  

Boulder Creek a t  "The Cottonwood Grove" prov ides an example o f  hydro log ic ,  

geomorphic and vegeta t ion  processes t h a t  occur i n  a v a r i e t y  o f  s i t u a t i o n s  

throughout t h e  South P l a t t e  basin.  Resul ts  from t h i s  s tudy have prov ided 

important  i n s i g h t s  i n t o  f a c t o r s  and processes t h a t  w i l l  need t o  be considered 

i n  o rder  t o  p r e d i c t  t h e  response o f  r i p a r i a n  vegeta t ion  t o  changes i n  stream 

f l  ows . 

8 S i t e  Overview 
e5 

The Cottonwood Grove was chosen f o r  t h i s  study because i t  i s  fenced,' has 

l i m i t e d  access, has been f r e e  o f  c a t t l e  g raz ing  f o r  a t  l e a s t  a decade and t h e  

a c t i v e  channel through t h e  s i t e  has n o t  been s t a b i l i z e d .  Locat ions o f  

hydro log ic  t ransec ts ,  ground-water mon i to r ing  w e l l s  and upland vegeta t ion  

p lo t s ,  w i t h i n  t h e  8 hec tare  (20 acre) s i t e ,  a re  i l l u s t r a t e d  i n  F igure  1. 

Wi th in  t h e  a c t i v e  channel, 0.5m x l m  permanent mon i to r ing  p l o t s  f o r  woody and 

herbaceous vegetat ion,  were es tab l i shed  along the  hyd ro log i c  c ross-sec t ions .  

Hydro1 og i  c Zones 

Based on our  sur face and ground-water mon i to r ing  r e s u l t s  we i d e n t i f i e d  

hydro log ic  zones w i t h i n  t h e  study area, i n c l u d i n g  (1) an Unaf fected Ground- 

water Zone where ground-water i s  n o t  in f luenced by Boulder Creek, (2) a 

Ground-water Mediated Zone where seasonal ground-water mounding below Boulder 



Creek creates an area of elevated ground-water, and (3) a Surface-water 

Inundation Zone where geomorphi c and vegetation processes are shaped by 

discharge in Boulder Creek. The distribution of these three zones is 

i l l  ustrated in Figure 2. These zones represent patterns of interaction 

between surface and ground-water; these interactions vary seasonally, based on 

surface water stage and depth to ground-water. 

Vegetation Zones 

The hydrologic zones described above correspond to two distinct 

vegetation zones identified in this study. These vegetation zones include (1) 

an Upper Terrace Stand within the Unaffected and Groundwater-mediated Zones, 

and (2) an Active Channel Edge and Floodplain Stand, within the Active Channel 

Zone. 

Historically, vegetation associated within the Active Channel Zone would 

have occurred more extensively as the unconfined channel meandered over a wide 

floodplain. However, with changes in hydrology and bank stabilization along 

Boulder Creek, this zone is now confined within a much narrower channel that 

has also down-cut as much as 5 feet in response to channel modifications (e.g. 

channel straightening and bank rip rapping). 

Characterization of the upper terrace vegetation 

A few large Plains Cottonwood - (Populus fremontii) exist within the 

Cottonwood Grove, however, the stand is overwhelmingly dominated by the exotic 

tree species Crack willow (Salix fragilis) (Figure 3). The Crack willow in 

this stand may also be a hybrid between White willow (Salix alba) and Crack 

willow (W.A. Weber, pers. corn.). We observed no reproduction by seed, rather, 

this species appears to persist vegetatively within the stand; this conclusion 

is based on the abundance of stems >25cm in diameter at breast height (dbh) 
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and the  l a c k  o f  stems <lOcm dbh (see F igure  3). Cruz and Bock (1975), suggest 

t h a t  t h e  Cottonwood Grove i s  dominated by p l a i n s  and "narrow-leaved" 

Cottonwood; however, i t i s  1 i k e l y  t h a t  what they were c a l l  i ng "narrow-1 eaved" 

Cottonwood was i n  f a c t  what we a re  c a l l i n g  Crack w i l low,  which upon 

superf  i c i  a1 i nspec t i on  might  be confused w i t h  Narrow1 ea f  Cottonwood (Popu7us 

a n g u s t i f o l i a )  . Although we found both t h e  Narrowleaf and t h e  h y b r i d  

Cottonwood (Popu7us~acuminata) i n  t h e  grove, they  occurred i n  very  1 ow 

numbers. 

Green ash (Frax inus pennsy7vanica) and Box e l d e r  (Acer negundo), which 

were 1 i k e l y  r a r e  h i s t o r i c a l l y ,  a r e  impor tan t  understory species i n  t he  grove 

(F igure 3) .  As on p o r t i o n s  o f  t h e  South P l a t t e  (Snyder 1987), Green ash may 

be ga in ing  i n  importance i n  t he  grove, based on the  l a r g e  numbers o f  seed1 ings  

and smal l  stems found i n  t h e  upland stand (F igure 4) .  

The present  s t r u c t u r e  and composi t ion o f  t he  upland stand a t  t he  

@ 
Cottonwood Grove i s  c h a r a c t e r i s t i c  of stands t h a t  occur on f l o o d p l a i n s  i n  more 

humid reg ions  o f  t he  U.S. The stand i s  now i s o l a t e d  from sur face-water  f l ows  

i n  Boulder Creek and woody vegeta t ion  i n  t h e  stand i n  i n f l uenced  by l o c a l  

groundwater cond i t i ons  and p r e c i p i t a t i o n .  A d d i t i o n a l l y ,  stand dynamics a re  

d r i v e n  p r i m a r i l y  by successional processes (e.g. compet i t ion  f o r  l i g h t ,  t r e e  

gap regenerat ion)  and i s  r e l a t i v e l y  independent o f  sur face water f lows.  As a 

r e s u l t ,  t he  f u t u r e  charac ter  o f  t h i s  stands w i l l  be p r i m a r i l y  i n f l uenced  by 

l o c a l  seed sources, adjacent land-use a c t i v i t i e s ,  and changes i n  t h e  l o c a l  

ground-water (e.g., t h e  Goose Creek drainage). 

Charac te r i za t i on  o f  t h e  vegeta t ion  w i t h i n  t h e  a c t i v e  channel 

I n  c o n t r a s t  t o  t h e  vegeta t ion  i n  t h e  upland stand, t h e  charac ter  o f  t h e  

vegeta t ion  w i t h i n  t h e  a c t i v e  channel i s  s t r o n g l y  dependent upon t h e  phys ica l  

d is turbances imposed by f looding, e ros ion  and depos i t i on  o f  a l l u v i a l  m a t e r i a l .  
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a Much o f  t he  herbaceous and woody vegeta t ion  w i t h i n  i s  common t o  low e l e v a t i o n  

s i t e s  i n  Colorado and throughout t h e  western and nor thern  h i g h  p l a i n s  and 

Great Basin. A p re l im ina ry  l i s t  o f  t h e  species i d e n t i f i e d  w i t h i n  the  grove i s  

presented i n  Table 1. Some o f  t h e  more common n a t i v e  woody species inc lude:  

P la ins  Cottonwood; Peach l e a f  w i l l o w  and Sand bar  w i l l ow .  These species are 

adapted t o  t h e  h i s t o r i c a l  cond i t i ons  o f  seasonal f l o o d i n g  associated w i t h  

snow-melt runof f .  However, because o f  t he  s i t e s  p r o x i m i t y  t o  and upstream 

urban area, t he re  are  a1 so a number o f  e x o t i c  woody species i n c l u d i n g  Russian- 

01 i v e  (E7aeagnus angust i fo7 ia ) ,  Crack w i l l o w  ( S a l i x  f r a g i 7 i s ) ,  B lack l o c u s t  

(Robinia pseudoacacia) and Chinese Elm (U7mus pumi 7a). Crack w i  11 ow and ( 

Chinese E l m  appear t o  be q u i t e  w e l l  adapted t o  cond i t i ons  w i t h i n  t h e  a c t i v e  

channel and are l i k e l y  t o  be p e r s i s t e n t  elements o f  t h i s  vegeta t ion  zone. 

The d i s t r i b u t i o n s  o f  a number o f  woody species a re  i n t e r p r e t a b l e  i n  

terms o f  s i t e  hydrology; f o r  example, Sandbar w i l l o w  seed1 ings  and sprouts * occupy f requen t l y  inundated s i t e s  nex t  t o  t h e  a c t i v e  channel whereas l a r g e r  

stems occupy l e s s  f requen t l y  inundated s i t e s  on forming f l o o d p l a i n  sur faces o r  

low e leva t i on  s i t e s  i n  over f low channels (F igure  5) .  I n  con t ras t ,  Cottonwood 

seedl ings and sap l ings  tend t o  occupy l e s s  f requen t l y  inundated s i t e s  (F igure 

6) .  A few cohorts  o f  sap l ings  occupying r e l a t i v e l y  h igh  e l e v a t i o n  s i t e s  da te  

t o  the  h igh  r u n o f f  year  o f  1983 (F igure  7). Y' 

Site surface-water dynamics 

Despi te r a t h e r  ex tens ive  channel and hydro log ic  m o d i f i c a t i o n s  w i t h i n  the  

basin, t h e  sur face water hydro logy o f  t h e  s i t e  i s  s t i l l  r e l a t i v e l y  dynamic 

(F igure 7). Boulder Creek s t i l l  e x h i b i t s  a snowmelt hydrograph w i t h  

appreciable temporal v a r i a b i l i t y  i n  f low;  f o r  example, t h e  peak f low o f  1983 

and t h e  low f lows d u r i n g  1989. The peak f lows i n  June o f  1990 were i n  t h e  

neighborhood of 500 c f s  and produced appreciable change i n  channel cross-  



sections throughout the site (Figure 8). These channel changes were 

particularly noticeable in locations downstream of tree stems that lean out 

into or over the channel (Figure 9). Trees overhanging the channel controls 

the routing of water and sediments during high flows and is the source of 

1 arge, instream organic debris. The physical and biological effects of trees 

and woody debris to stream ecosystems, particularly in more humid regions, has 

been we1 1 documented (Swanson et a1 . 1976, Sedell and Triska 1977, Swanson et 
al. 1982). 

Vegetation dynamics 

Herbaceous vegetation showed considerable differences in composition and 

cover, primarily in response to flooding and deposition of alluvial material 

within the active channel during 1990. Some herb species such as Reed 

Canarygrass (Phalaris arundinacea) showed condiderable increases in cover 

between 1989 and 1990, in response to buri a1 by fine a1 luvial material. 

We recorded no Cottonwood recruitment during the 1989 growing season, 

however, following the June flooding in 1990 (coincident with seed dispersal ) 

we recorded extensive seedling establishment. Subsequent survival of 

seed1 ings was re1 atively low and was associated with sites having sparse cover 

and a re1 at ively high seasonal water tab1 e (further analysis of Cottonwood 

seedling recruitment and mortality is in progress). These sites tended to 

occur on the lower edges of open gravel bars (see photos of seedlings, Figure 

10a&b). 

Needs for  future  work 

Whereas a direct gradient approach captures and integrates many of the 

important processes involved in structuring riparian vegetation assemblages, 

our work on Boulder Creek has pointed up factors and processes that could be 

profitably incorporated into models predicting the response of vegetation to 



changes in stream flow. For example, the reciprocal influence of vegetation 

on geomorphology and geomorphology on vegetation is a complex yet important 

process. This important interaction is illustrated within the Cottonwood 

Grove in the case of overhanging trees. Such features control channel 

morphology and influence the routing of water and sediment (Keller and Swanson 

1979). At Boulder Creek the process of instream bar formation associated 

overhanging trees increases the sinuosity of the channel, particularly at 

lower flows. Development of a more sinuous channel typically reduces the rate 

of sediment movement through the reach but may also increase the rate of 

1 ateral channel migration (Swanson et a1 . 1982). Additional ly, development 

of instream bars provides new substrates for the establishment of riparian 

vegetation and the creation of new floodplain surfaces. By documenting the 

rate at which such channel features develop, we can better predict the areal 

extent of future riparian communities or cover types. 

Another process involved in the development and response of riparian 

vegetation i nvol ves the sequencing of physical events. For example, the 

seasonal timing, frequency, magnitude and duration of flooding and the 

subsequent availability of soil moisture, is critical to the establishment of 

riparian species. This was illustrated by the differences in recruitment of 

Cottonwood seed1 ings in permanent plots between 1989 and 1990. By examining 

rates of recruitment and survival, over time, and across a range of 

conditions, we will be better able to describe and predict the sets of 

conditions under which riparian vegetation will or will not establish and 

grow. 

Finally, we need to better understand how the life history traits of key 

riparian species will influence their distribution and abundance following 

changes in stream flow, and therefore, conditions within the riparian zone. 



e We are currently planning additional research aimed at addressing these 

questions in more detail. 
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a Table 1. Preliminary 1 ist of herb species from Boulder Creek, August 1989 

Agropyron repens 
Agropyron sp 
Agrostis gi antea 
A rostis pa ustris 9 9 
A opecurus aequalis 
Ambrosi a artemi si i fol i a 
Ambrosia trifida 
Anchusa sp 
Arctium minus 
Artemesia ludoviciana 
Aster hesperius 
Aster sp 
Bidens cernua 
Bidens frondosa 
Bromus inermis 
Bromus japonicus 
Bromus tectorum 
Capsel 1 a bursa- astori s 
Carex praegraci is 
Carex sp 

7 
Centaurea picris 
Chenopodium sp 
Chrysanthemum leucanthemum 
Cirsium arvense 
Conyza canadensis 
Cynogl ossum officinal is 
Cyperus aristatus 
Dactyl is gl omerata 
Di sacus sylvestris 
Ec 1 i nochl oa crus-gall i 
El eochari s sp 
Elymus canadensis 
Eri eron sp 
Eup # orbia glyptosperma 
Festuca arundi ca? 
He1 i anthus sp 
Hepat i cae 
Hesperi s matronal i s 
Hordeum brachyantherum 
Hypericum perforatum 
Impatiens capensis 
Iris sp 
Juncus articul atus 
Juncus interior 
Juncus saximontanus 
Juncus sp 
Lactuca serri 01 a 
Lactuca sp 
Leers i a oryzoi des 
Leonurus cardi aca 
Linaria vul aris 
Lobelia cil 9 iata 
Lychnis alba 
Lycopus americanus 
Medicago 1 upul ina 
Me1 i l  otus sp 



a Table 1, continued. 

Mentha arvensis 
Muhl enbergia racemosa 
Musci 
Myosotis verna 
Nepeta cataria 
Oenotheria strigosa 
Oxal is stricta 
Oxylis sp 
Panicum capi 11 are 
Parthenocissus quinquefolia 
Phal ari s arundi ca 
Pl antago 1 anceol ata 
Pl antago major 
Poa compressa 
Poa pal ustri s 
Poa sp 
Po1 ygonum avi cul are 
Polygonum coccineum 
Polygonum convol vul us 
Pol ygonum 1 apat h i f 01 i um 
Pol ygonum persi cari a 
Polygonum sp 
Pol ani si a trachysperma 
Portulaca 01 eracea 
Prune1 1 a vul gari s 
Ranuncul us macouni i 
Ranuncul us sp 
Rhus radicans 
Rorippa sp 

Rosa Rudbec se ia laciniata 
Rumex acetosell a 
Rumex cris us 
Sal sol a co P 1 i na 
Saponaria officinalis 
Sedum stenopetal um 
Setari a gl auca 
Setaria viridis 
Sol idago sp 
Sonchus sp 
Sporobolus cryptandrus 
Taraxacum officinal i s 
Tra o ogon sp 
Tri f o P ium pratense 
Tri fol i um repens 
Trifol ium sp 
Unk Brassicaeae 
Unk Brassicaceael 
Unk Brassicaceae2 
Unk Asteraceae 
Unk Fabaceae 
Unk Poaceae 
Unk Apiaceae 
Unk sp 
Unk sp2 
Unk sp3 



Table 1,  concluded. 

113 Unk sp4 
114 Veronica anagal l is -aquat ica  
115 Verbena bracteata  
116 Verbena hasta ta  
117 Verbascum thapsi  s  
118 V i o l a  sp 
119 V i t u s  sp 



L i s t  o f  Figures 

Figure 1. Illustration of the "Cottonwood Grove", showing locations of 

ground-water monitoring we1 1 s, hydraul i c channel cross-secti ons, and up1 and 

vegetation plots and the open space boundary. The study site is approximately 

8 hectares in area and has been free of grazing by livestock for perhaps as 

long as 50 years. 

Figure 2. Cross-section through the study site showing measured ground-water 

surface profile, ground surface and stream channel. A1 so depicted are three 

hydraulic zones including an Unaffected Ground-water zone, a Ground-water 

Mediated zone and a Surface-water Inundation zone. The zones were defined 

based on the differential affects of ground-water and surface-water on 

riparian vegetation. 

Figure 3. Summary of basal area (m2/ha) and number of stems/ha, by size 

class, for all woody tree species sampled within 25m x 25m permanent 

vegetation plots in the up1 and a1 1 uvial bench area. 

Figure 4. Size distribution (diameter at breast height in cm) of green ash 

stems on the upland alluvial bench. Stem distributions are expressed as a 

percentage of total, based on all stems sampled in the upland vegetation 

plots. 



Figure 5 .  Dens i ty  (stems/ha) o f  Sand-bar Wi l low seed1 ings  and sapl ings  

r e l a t i v e  t o  t h e  stream discharge (cub ic  f e e t  per  second) est imated t o  f i r s t  

inundate t h e  p l o t s  i n  which the  stems are  found. A l l  stems were sampled 

w i t h i n  permanent p l o t s  l oca ted  w i t h i n  t h e  a c t i v e  channel and along Inst ream 

Flow Incremental Method01 ogy (IFIM) hydraul  i c c ross-sec t  i ons. 

F igure 6. Dens i ty  (stems/ha) o f  Pl  a i  ns Cottonwood seed1 i ngs and sapl ings  

r e l a t i v e  t o  t h e  stream discharge (cub ic  f e e t  per  second) est imated t o  f i r s t  

inundate t h e  p l o t s  i n  which the  stems are  found. A l l  stems were sampled 

w i t h i n  permanent p l o t s  l oca ted  w i t h i n  t h e  a c t i v e  channel and along Inst ream 

Flow Incremental Methodology (IFIM) h y d r a u l i c  c ross-sec t ions .  

F igure  7 .  Estimated 7-day averages o f  stream f l o w  i n  Boulder Creek a t  t h e  

Cottonwood Grove. Est imates were obta ined by t a k i n g  records  o f  f l o w  f rom t h e  

C Orodel l  Gage a t  t h e  mouth o f  t he  canyon and c o r r e c t i n g  f o r  a l l  known take-outs  

and r e t u r n s  t h a t  occur between t h e  gage and the  study s i t e .  

F igure 8. Surveyed c ross-sec t ions  o f  Boulder Creek w i t h i n  t h e  Cottonwood 

Grove f rom 1989 and 1990. The f i g u r e  i l l u s t r a t e s  the  change i n  t h e  channel 

c ross-sec t ion  (bo th  eros ion  and depos i t i on )  t h a t  occurred d u r i n g  t h i s  per iod .  

Such e ros ion  and depos i t i on  occurred c o n s i s t e n t l y  throughout t h e  reach o f  

Boulder Creek w i t h i n  t h e  grove. 

F igure  9. A p i c t u r e  o f  Boulder Creek f rom w i t h i n  the  Cottonwood Grove, 

i l l u s t r a t i n g  a Crack Wi l low overhanging t h e  channel. Stems such as t h i s  are 

ins t rumenta l  i n  changing t h e  r o u t i n g  of water and sediments through the  s i t e ;  

i n  t h i s  way t h e  process of e ros ion  and depos i t i on  o f  a l l u v i a l  ma te r i a l  a long 

the  a c t i v e  channel i s  perpetuated. 



Figure 10. A. A cohort of Plains Cottonwood saplings on a bar adjacent t o  

the  channel of Boulder Creek. Natural regeneration of nat ive  r ipar ian  species 

along Boulder Creek, and within t he  Cottonwood Grove now takes place in an 

incised,  narrow act ive  channel zone subject  t o  surface-water inundation (see 

Figure 2 ) .  Successful establ  i shment of cottonwood and other  nat ive  r ipar ian 

species i s  largely  dependent upon the  creation of f resh deposits  of a l luv ia l  

material following. B. A f i r s t - y e a r  cottonwood seedling on an open a l luv ia l  

deposit t ha t  formed following the  flooding in June of 1990. 
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4512 McMurray Ave. 
F o r t  C o l l  i ns ,  Col orado 80525-3400 

A p r i l  22, 1991 

Mark Gershman 
Wetl ands and W i  1 d l  i f e  Coordinator  
C i t y  o f  Boulder 
Boulder, CO 80306 

Dear Mark: 

Enclosed i s  a p r e l i m i n a r y  r e p o r t  t h a t  summarizes some o f  our  work a t  t h e  
Cottonwood Grove, i n  kee i n g  w i t h  t h e  terms o f  our Cooperat ive Agreement (14- 
16-0009-89-957 . We w i l  complete i n t e n s i v e  sampling a t  t h e  s i t e  t h i s  summer b Y 
and w i l l  then eg in  t o  prepare t h e  da ta  f o r  p u b l i c a t i o n .  As t h i s  work i s  
com le ted ,  we w i l l  p rov ide  you w i t h  copies. A d d i t i o n a l l y ,  my o f f e r  t o  g i v e  a 
t a l  R desc r ib ing  our work t o  da te  s t i l l  stands. 

I hope you f i n d  the  enclosed r e p o r t  h e l p f u l .  I f  the re  i s  anyth ing e l s e  we 
might be able t o  p rov ide  you w i t h  a t  t h i s  p o i n t ,  please do n o t  h e s i t a t e  t o  
g i v e  me a c a l l .  

- 
Sincerely ,  

Michael L. Scot t ,  Ph.D. 
R i v e r i  ne and Wetl and Ecosystems Branch 

cc: Isch inger ,  regard ing  Work U n i t  212, Task # 6130.W122 


