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Cottonwood h a b i t a t  accounts  f o r  only 0.2 pe rcen t  (400 km2) 

of t h e  t o t a l  l and  of Colorado (Table 1 ) .  Desp i t e  i t s  s c a r c i t y ,  

i t  is  among t h e  most v a l u a b l e  of h a b i t a t  t ypes  from t h e  s t a n d p o i n t  

of w i l d l i f e  usage. I n  Table  2 ,  f o r  example, a summary of t h e  

average  numbers of b i r d  s p e c i e s  and d e n s i t y  57 Colorzdo h a b i t a t  

types  i s  shown. The cottonwood h a b i t a t  i n  Colorado w a s  used by 

a n  average of 17.8 b i r d  s p e c i e s  du r ing  t h e  breeding season  w i t h  

a d e n s i t y  of 797 p a i r s  pe r  km2. The cottonwood h a b i t a t  can  b e  

seen  t o  have b i r d  d e n s i t i e s  and b i r d  s p e c i e s  d i v e r s i t y  w e l l  i n  

excess  of a l l  o t h e r  h a b i t a t  t ypes ,  except  f o r  p l a i n  ponds which 

concen t r a t e  water-fowl i n  w in te r .  Beidleman (1954) i n  h i s  s tudy  

of t h e  c o t t o n  r iver-bot tom community a s  a v e r t e b r a t e  h a b i t a t  

concluded t h a t  i n  terms of bo th  s p e c i e s  and numbers i t  is  t h e  

most product ive  v e r t e b r a t e  h a b i t a t  i n  no r the rn  Colorado and r anks  

f avo rab ly  wi th  o t h e r  b i o t i c  communities throughout t h e  United S t a t e s .  

Forn~cr ly  (pre-se t t lement  environment) cottonwood groves w i t h  

many l a r g e  t r e e s  e s i s t e d  a long  Boulder Creek. l'oday, o n l y  a remnant 



� able 1. Colorado h a b i t a t  types .  

H a b i t a t  Type Land Area Pe r  c e n t  
( h 2 )  T o t a l  Area 

Non-forest 
(mainly p l a i n s )  

Pinyon-Juniper 
Fir-Spruce 
Chaparral.  
Aspen 
Ponderosa Pine- 
Lodgepole P ine  
Douglas F i r  
Other  F o r e s t s  
Timber P ine  
Cottonwood 

T o t a l  

Miller, R.L. and G.A. Choate. 1964. The f o r e s t  r e sou rce  
of Colorado. U.S. F o r e s t  Ser.  Resour. Bu l l . ,  INT-3. 

Table 2. Colorado h a b i t a t  u s e  by b i r d s  (1947-1973). A f t e r  B o t t o r f f .  

H a b i t a t  Type 
SUMMER WINTER 

Nurab er Average Average Nu& e r  Average -4verage - 

of Number Dens i ty  o f  urnb be; 
Censuses Spec ie s  (pr/km2) Censuses Spec ie s  DenSitq (nolkm ) 

Cottonwood 
Aspen 
Douglas F i r  
Lodgeple P ine  
Ponderosa P ine  
I s o l a t e d  

Ponderosa P ine  
Brush-Pine 
Pinyon- J u n i p e r  
Grass land  
C u l t i v a t e d  
C i t y  Pa rk  
C i t y  S t r e e t  
P l a i n s  Pond - - - - 4 1 3 o - - -  15200 a- 

@ Uot tor f  :. I1.L. 1974. Cocfonwood i , i tb i  tilt f o r  b l r d s  i n  Colorado. Amcrlrnn B i r d s ,  
28:975-979. (See Appendix 3) .  



of t h i s  r i p a r i a n  f o r e s t  e x i s t s  a long  Boulder Creek. Eeidleman (1954) 

no te s :  "few b i o t i c  communities i n  t h i s  s t a t e  a r e  s o  misused a s  

a r e  t h e  r iver-bot tom woodlands, w i t h  t h e  t r end  p o i n t i n g  towards 
. . 

t o t a l  d e s t r u c t i o n  of much of t h i s  h a b i t a t .  Man- and h i s  a g e n t s  

account  f o r  t h e  m a j o r i t y  of t h e  d i s tu rbance ,  t h e  most widespread 

type  being overgraz ing  by c a t t l e  and horse.  Secondary i n  e x t e n t  

bu t  more s e r i o u s  i n  e f f e c t  i s  t h e  a c t u a l  d e s t r u c t i o n  of t h e  wood- 

l ands  f o r  one reason  o r  ano the r ,  d e s t r u c t i o n  ranging  from c u t t i n g  

of t r e e s  f o r  firewood and burning of g r a s s  and brush  t o  a l t e r a t i o n  

of t h e  r iver-bot tom f o r  t h e  accomodation of i r r i g a t i o n  and g r a v e l  

quar ry  p r o j e c t  and sometimes t h e  complete removal of t h e  woodland 

w i t h  i t s  c h a r a c t e r i s t i c  v e g e t a t i o n .  There is h a r d l y  a n  a r e a  which 

has  no t  been touched i n  some manner and t o  some degree  by t h i s  t ype  

11 of d i s tu rbance .  

The c i t y  of Boulder i s  very  f o r t u n a t e  i n  having one of t h e  l a s t  

l a r g e  groves of cottonwood t r e e s  along Boulder Creek, l o c a t e d  

west of 55 th  S t r e e t  and n o r t h  of B a l l  Bro thers  Corporat ion.  This  

a r e a  i s - o n e  of t h e  most b i o l o g i c a l l y  d i v e r s e  s i t e s  a long  Boulder 

Creek. The grove covers  about  30 a c r e s  and i s  composed of ve ry  

l a r g e  cottonwood t r e e s ,  some g r e a t e r  than  s i x  f e e t  i n  d iameter .  

I n  t h i s  grove t h e  dominant t r e s s  a r e  p l a i n s  and narrow-leaved 

cottonwood. There is  a w e l l  developed unders tory  of s h o r t e r  
I 

t r e e s ,  sh rubs  and herbaceous p l a n t s  (a  l i s t  of t h e  v e g e t a t i o n  

found a long  Boulder Creek, i nc lud ing  a l l  t he  s p e c i e s  found i n  

r i t e  Crovc a r e  t n c l  udcd i n  Dr. J .  ~ o c k ' s  r e p o r r ,  A p p e n d i x  4 ) .  



A survey  was made i n  1970 of t h e  d i v e r s i t y  of t h e  v e g e t a t i o n  a long  

Boulder .Creek from t h e  mouth of Boulder Canyon t o  t h e  l e v e l  of  

t h e  Boulder Creek Cottonwood Grove. The a r e a  was d iv ided  i n t o  

n i n e  s e c t i o n s .  The survey  was taken  a c r o s s  the- c r eek  from t h e  . . 

Boulder Creek Cottonwood Grove when t h e  v e g e t a t i o n  was depaupera te  

i n  comparison w i t h  t h e  grove. I f  t h e  s p e c i e s  found i n  t h e  Grove 

a r e  inc luded  i n  t h e  census ,  s e c t i o n  one has  t h e  r i c h e s t  f l o r a  

a long  t h e  c r e e k  (Table 3 ) .  Vegeta t ion  is a t  t h e  base  of t h e  

Boulder Creek ecosystem because  t h e s e  p l a n t s  f u r n i s h  food f o r  a l l  

t h e  organisms found i n  t h e  grove and c reek  ecosystem e i t h e r  d i r e c t l y  

o r  i n d i r e c t l y  by t h e i r  pho tosyn the t i c  a c t i v i t i e s .  - Furthermore,.  t h e s e  

p l a n t s  f u r n i s h  l i v i n g  and n e s t i n g  s i t e s  and s h e l t e r  f o r  t h e . v e r t e b r a t e s  

found a long  t h e  c reek .  Where t h e - v e g e t a t i o n  hangs over  t h e  c r e e k  

i t  provides  shade f o r  t h e  Creek's f i s h  popula t ion .  A gene ra l i zed  

diagram of t h e  Boulder Creek Ecosystem i s  shown i n  F igure  1. 

Beidleman (1954) recorded 187 s p e c i e s  and subspec ie s  of b i r d s  

from 16  cottonwood groves  i n  n o r t h e a s t e r n  Colorado ( see  Appendix 1). 

The s p e c i e s  numbers i n  t h a t  s tudy  ranged from a  low of 40 ( i n  a r e a  

3,  Stonewal l  Creek l o c a t e d  between t h e  Pouclre F.iver on t h e  

s o u t h  and t h e  Box Elder  d r a i n a g e  a long  t h e  Wyoming S t a t e  l i n e )  t o  

a h igh  of 128 ( a r e a  12 ,  Poudre River  near  Fo r t  C o l l i n s ) .  Area 2 

n o r t h e a s t  of t h e  s t u i y  s i te ,  had 116 s p e c i e s .  Unfo r tuna te ly ,  

a r e a  2 ~ i s  no longe r  e x i s t e n t .  It is  i n t e r e s t i n g  t o  n o t e  t h a t  

in t h e  Boulder Creek Cottonwood Grove a  pre l iminary  survey  (Table  4) 

i n d i c a t e s  t h a t  149 b i r d  spec ies  have bccn recordcti (152 i f  w c  count 

subspecies), a figure) l~lgi lcr t l ~ m  i n  cll:y of tltc: s c u d i c s  rcpor tcd  



Table 3 

Numbers of s p e c i e s  per s e c t i o n  of Boulder 
Creek t e r r e s t r i a l  h a b i t a t .  Sect ion  1 = 
Boulder Creek Cottonwood Grove. Sect ion  
9 = t h e  junc t ion  of Boulder and Sunshine 
Canyons. 

SECTIONS TOTAL SPECIES 

* 
Cul t iva ted  r e s i d e n t i a l  and c i t y  park, 
con ta ins  many graden p lan t s .  



*sar.TaeuzaalV auauaeazJ asenas j o  uoTaenleA3 pue d ~ o 3 u a ~ u 1  l e a u a u u o a ~ ~ u 3  



Table 4 

Bi rds  Observed a t  t h e  Boulder Creek Cottonwood Grove 

By Alexander Cruz, Bruce Webb, Jeanne Conry, Arch McCallum, 

and members of t h e  Boulder Bird Club. 

Family Seasonal  
Spec ies  . S t a t u s  1 

Anat i d a e  

Cinnamon Teal  
Mallard 
P i n t a i l  
Gadwall 
Common Mergan ser  

Ca tha r t i dae  

Turkey Vu l tu re  

A c c i p i t r i d a e  

Red- shouldered Hawk 
Red- t a i l e d  Hawk 
Cooper's Hawk 
Sharp-shinned Hawk 
Marsh Hawk 
Broad-winged Hawk 
swainson 's  Hawk 

Falconidae 

*American K e s t r e l  
F e r l i n  
Pe reg r ine  Falcon 

Pandionidae 

Osprey 

Phas ian idae  

*Ring-necked Pheasant 

Ardeidae 

Great  Blue Heron 
- Green Heron 

Black-crowned Night Heron 

T 
PR? 

T 
PR? 

Charadr i i d a e  

K i l l d e e r  



8. 
Table 4 

Bi rds  Observed a t  t h e  Boulder c r eek  Cottonwood Grove, (cont inued)  

Family Seasonal  
Spec ie s  S t a t u s  

Scolopacidae 

S o l i t a r y  Sandpiper 
Spot ted  Sandpiper 

*?Common Snipe 
Grea ter  Yellowlegs 
American Woodcock 

i 
La r idae  I 

C a l i f o r n i a  Gull  
Ring-bi l led Gu l l  
F r a n k l i n ' s  Gu l l  

Rock Dove 
"Mourning Dove 

Cuculidae 

*Yellow-billed Cuckoo 

S t r i g i d a e  

*Great-horned O w l  
*Screech Owl 

Shor t-eared O w l  

Caprimulgidae 

Common Nighthawk 

T r o c h i l i d a e  

Broad- t a i l e d  Hummingbird 

Alcedin idae  
1 

*Belted Kingf i she r  

P i c i d a e  

Lewis Woodpecker 
*Downy Woodpecker 

Hairy Woodpecker 
Red- headed Woodpecker 
Yel low-bel l ied Sapsuck.er 

*Red-(Common) s h a f t e d  F l i c k e r  

OH-T 
OH-T 
OH-T 



9 .  
Table  4 

B i rds  Observed a t  t h e  Boulder Creek Cottonwood Grove (Continued) 

Family 
Spec i e s  

Seasona l  
S t a t u s 1  

Tyrannidae 

Willow F lyca t che r  T 
Hammond's F l y c a t c h e r  - T 
Western Kingbird .- T 
Eas t e rn  Kingbird T 

"Western Wood Pewee S R 
Olive-s ided F l y c a t c h e r  T 
Say ' s  Phoebe T 

H i rud in idae  

T ree  Swallow 
Barn Swallow 
Vio le t -green  Swallow 
Bank Swallow 

Corvidae 

S t e l l e r ' s  J a y  
*Black-bi l led Magpie 

Common Raven 
*Common Crow 

Par  i d a e  

*Black-capped Chickadee 
*?Mountain Chickadee 

S i  t t i d a e  

White-breasted Nuthatch 

C i n c l i d a e  

Dipper 

C e r t h i i d a e  

Brown Creeper  

Troglodyt idae  

*House Wren 
Winter  Wren 
Shor t -b i l l ed  March Wren 

Mimidae 

Northern Mockingbird 
*Catbird 

PR 
OH-T 
PR 

PR? 



Table  4 

Bi rds  Observed a t  t h e  Boulder Creek Cottonwood Grove (Continued) 

Family 
Spec ies  

Seasonal  
S t a t u s  l 

Turdidae 

*Robin 
Hermit Thrush 
Wood Thrush 
Swainson's Thrush 
Veery 
Western Bluebird 
Townsend's S o l i t a i r e  

Motac i l l i dae  

Water P i p i t  

S y l v i i d a e  

Golden- crowned King le t  
Ruby- crowned King le t  

Bombycill idae 

Cedar Waxwing 

La n i i d a e  

Korthern Shr ike  

S t u r n i d a e  

Vireonidae 

S o l i t a r y  Vireo 
*Red-eyed Vireo 
*Warbling Vireo 

Ph i l ade lph ia  Vireo 
Pa ru l idae  

 lack and wh i t e  Warbler 
Swainson's Warbler 
Blue-winged Warbler 
Tennessee Warbler 
Orange- crowned Warbler 
Nashv i l l e  Warbler 
V i r g i n i a ' s  Warbler 
Pa ru l a  IJarbler  

*Yellow Warbler 
Magnolia Warbler 
Aucltlbon's (Yellow-runiped) IJ;lrblcr 
Plyrtlc ( Y  e l low-rurnpcd)  \d,irbl e r  
Touuscnd ' s K c l ~ b i e r  

T 
T 
SR 
T 
'I' 

'I' , 

T 



11. 
Table 4 

Bi rds  Observed a t  t h e  Boulder Creek Cottonwood Grove (cont inued)  
, 

Family Seasonal  
Spec ie s  s t a t u s 1  

~ a r u l i d a e  (cont inued)  

Black- t h roa t ed  Green Warbler 
Black-throated Blue Warbler 
Ches tnut-Sided Warbler 
Bay- breas  t ed  Warbler 
Palm Warbler 
Ovenbird 
Northern Water thrush 

"Common Yellowthroat  
McGi l l i va ry l s  Warbler 
Wilson 's  Warbler 
American R e d s t a r t  
Yellow- breas  t e d  Chat 
Black-throated Gray Warbler 
Blackpol l  Warbler 
Hooded Warbler 

I c t e r i d a e  

Brower's Blackbi rd  
Western Meadowlark 
Red-Winged Blackbird 

*Bullock1 s (Northern) O r i o l e  
Rusty Blackbi rd  

*Common Grackle 
Brown Cowbird 

P loec idae  

House Sparrow 

Thraupidae 

Western Tanager 
Summer Tanager 

F r i n g i l l i d a e  

Rose-breasted Grosbeak 
*Black-headed Grosbeak 
*Indigo Bunting 

L a z u l i  Bunting 
Evening Grosbeak 

*House Finch 
C a s s i n ' s  Finch 
Purp le  Finch 
P i n e  Siskin 

*Amcr i c o n  Co 1 tl f i nch 
*Lesser Gol.tlf i n c h  

Grcen- t - ~ i l ~ d  Towhce 

SR? 
SR 
SR 
SR? 
T 
PR 
T 
T 
T 
SK 
v 
T 



Bi rds  Observed a t  t h e  Boulder Creek Cottonwood Grove (Continued) 

Family 
Spec ies  

Seasonal  
S t a t u s  1 

F r i n g i l l i d a e  (Continued) 

Rufous-sided Towhee 
Dark-eyed Junco 

White-winged 
Sla te -co lored  
Oregon 

Gray- headed Junco 
Tree  Sparrow 
Chipping Sparrow 
Fox Sparrow 
White- crokmed Sparrow 
White- throated Sparrow 
L inco ln ' s  Sparrow 
Swamp Sparrow 

*Song Sparrow 
Grasshopper Sparrow 

* 
Denotes Breeding Spec ies .  

l ~ = ~ r a n s i e n t ,  PR=Permanent Res ident ,  WR=Winter Res ident ,  

S E = S m e r  Res ident ,  Oh=Overhead, V=Visi tor .  



by Beidleman. Thus t h e  Boulder Creek Cottonwood Grove appea r s  t o  

be  one of t h e  r i c h e s t  a v i a n  h a b i t a t s  i n  no r th -cen t r a l  Colorado, i f  

n o t  i n  t h e  whole s t a t e  of Colorado. Bo t to r f f  (1974) found t h a t  

d i s t u r b e d  cottonwood h a b i t a t s  i n  Colorado had a mean of  13.6 breeding  

av ian  s p e c i e s  wh i l e  undis turbed  h a b i t a t  had a mean of 24.7 breeding  a v i a n  

s p e c i e s .  I n  an  e c o l o g i c a l  a n a l y s i s  of t h e  breeding  b i r d s  of t h i s  

cottonwood grove ( s e e  a t t a c h e d  pre l iminary  r e p o r t  concerning t h e  

o b j e c t i v e s  and methods of t h a t  s t u d y ) ,  we found 27 b reed ing  s p e c i e s  

dur ing  t h e  summer of 1975 and nex t  y e a r ' s  s tudy  may show t h e  number 

t o  b e  as h igh  a s  30 breeding  s p e c i e s  (Table 4 ) .  

Not on ly  is t h e  Boulder Creek Cottonwood grove a r i c h  a v i a n  

h a b i t a t ,  b u t  i t  i s  a n  e q u a l l y  r i c h  h a b i t a t  f o r  o t h e r  v e r t e b r a t e  s p e c i e s .  

Stoecker  and Rearrmerer (1974) n o t e  t h a t  t h i s  grove p rov ides  some 

of t h e  only  h a b i t a t  i n  t h e  v i c i n i t y  f o r  s e v e r a l  w i l d l i f e  s p e c i e s  

i nc lud ing  beaver ,  r ed  fox ,  raccoon,  muskrat ,  and mule d e e r  ( s e e  

Appendix 2 f o r  t h a t  s tudy) .  On 10  October ,  1975, we observed 

two dee r  and a r ed  f o x  i n  t h e  grove. Those same s p e c i e s  p l u s  

two raccoons were observed by us  on October 12 ,  1975. A l i s t  of 

t h e  mammals observed i n  t h e  Boulder Creek cottonwood grove i s  included 

i n  Table 5 (from S toecke r ,  1972). Windell  (1972) found t h a t  one 

of t h e  most p roduc t ive  a q u a t i c  s e c t i o n s  of t h e  Boulder Creek 

ecosystem i s  w i t h i n  t h e  cottonwood grove (Table 6 ) .  Rainbow and 

brown t r o u t  occur  h e r e  owing t o  t h e  q u a l i t y  of t h e  h a b i t a t .  Pools  

become shal low r i f f l e s  and undercut  banks provide cover .  Cottonwood 

t r e e s  on t h e  streambank shade t h e  water  and toge the r  with over- 

cl~;iny,iny, .c,rnsst.s a ~ ~ d  f o r b s  keep tllc water  cool.. AJJJ t i o n n l  l y ,  thc 

water  i s  q u i t e  c l e a r ,  which is  important  t o  t h e  prcdaccous t r o u t  



Table 5 .  A compl.cte list of ell mammals identified, nna 
the areas where they occur along Uouldcr Creek. 
Area one takes in the Boulder Creek Cottonwood 
grove (Stoecker, R. E. 1972). 

.- ..- . . - --. .- - --. L - ..- . .. -.- . .--- . - .  .-.-.-.. . _ _ - .  --- --.^ ,---. - - -  .-i-- - - - 
I I i I L a t i n  Name Ccmon Name Study Area 
i I 

, 
! 

I I 

- - - -  . - L. . - . ! . . i!.. ? 3.. 4 .. 5-.&.I.. 8.--9!0-.----  .--I E ca nadcns i s I , Beaver 1 I C - r r - r r r r r l  1 
2. C l t c l l u s  t r l d c - e n l l n c a - j  Th i r teen- l ined jc  c  r - - - - - - . - ' 

t us  1 ground squ i r r e  l : I 
-I - 

t t 
! 1 

I 

1 3 .  va r~eoa tus  i ~ o c k s q u i r r e l  ' A  A c - - - - r r r . i 

i -  4. Cynomys luc'ovlcianus . Black t a  i I A - - - - - - - - :  
! Pra i r e  dog 

I 

1 
t 

I 
1. 

5. Marmota f l o v i v e n t r l s  i ;;;kltbe I l y I 

1 I -  - - 
- - - - - r : r  i 

t 

6. s mephi t is  / s t r i p e d  skunk j c  - - - - - - - - .  - I I 
I --- I 

'. ' 

~ - : : z y  Ib;sni- . Meadow vo le  c r c r - r r . . 

. House mouse 

'10. Ncotr,ax ~ z x  i cana I Mexican woodrat 

h 1. Oroc9 i 1 VJS I em i onus i Mu l e deer 
i 

h2. Ondafra z ibeth ica : Muskrat 

$3. P?romvscus -- maniculatus i Deer mouse 

1 4 .  P. d i r t  i c i  - l i s  1 Rock mouse 
I 

5 .  Fr~cv,: : ! .-?-or ; Raccoon 

a 5. :. ?i-*ilr, n'rvtq i cus ! Norway r a t  

f 7 .  Sciurus ~ b e r t i  
I 

j Tasse l -eared 

! G .  2. viqer j P - u l r r e l  
i bx s q u i r r e l  

13. Sy!:#i l ~ g ~ t c ,  f l o r  idanus Eastern co t to -  
tai l 

20. Vulpns ?t:lva - Rsd fox 

1. Nomenclature follows B u r t  and Grossonhelder 1964. 

. One Spzclmcn was found dead by Mrs. Joe Ben klhoat 

A. cbundant ( e a s i l y  secn by anyono) 
c .  Wnuncn ( s a s l  l y  found a t  ccrta i n s,yg.sons by a natucc onthus iss t )  
r. rare ( d i f f i c u l t  t o  f lnd ,  bu t  known t o  occur) - d 3 0 s  n5t  occur (or wou I d  od so rarely) - J 



Table 6. Fish of Boulder Creek (modified from Windell 1 9 7 2 ) .  
S i t e  1 takes i n  the Boulder Creek Cottonwood grove. 

Fish snec ies  

Rainbow t r o u t  6 0 0 0 0 

Brovm t r o u t  1 0 0 0 0 

White sucker  36 0 0 0 - 1 

0 
Longnose dace - 15 0 0 0 0 

Northern creek 
chub 3 ,O . - 0 0 0 

- - 
? l a i n s  s a d  
sh ine r  0 0. 0 0 .I . . - - - - - - 
Total  61 0 0 0 2 

* N = numbers of fish taken. 



t h a t  depend on v i s i o n  t o  c a p t u r e  i n s e c t  l a r v a e  and s m a l l e r  

f i s h .  

It i s  apparen t  from t h i s  s t udy  and from p rev ious  ones 

( s e e  Appendix) t h a t  t h e  Boulder Creek cottonwood grove i s  one 

of t h e  most b i o l o g i c a l l y  d i v e r s e  communities i n  Colorado --- 

w i t h  a g r e a t  f l o r i s t i c  and f a u n a l  d i v e r s i t y .  I t  i s  of t h e  

upmost importance t o  w i l d l i f e .  The informat ion  p re sen t ed  i n  t h i s  

p r e l imina ry  paper and i n  o t h e r  r e s e a r c h  e f f o r t s  h a s  c l e a r l y  

e s t a b l i s h e d  t h a t  cottonwood h a b i t a t  i s  r e l a t i v e l y  s c a r c e  i n  

Colorado, b u t  t!lat what is a v a i l a b l e  i s  used h e a v i l y  by many 

v e r t e b r a t e s  f o r  b reeding ,  f eed ing ,  and s h e l t e r .  Because of 

t h e i r  l i m i t e d  e x t e n t  bu t  tremendous importance a s  b i o l o g i c a l  

communities, t h e  few remaining cottonwood h a b i t a t s  i n  Color.ado 

should be  preserved .  The U n i v e r s i t y  of  Colorado and t h e  C i t y  

of Boulder a r e  f o r t u n a t e  indeed i n  having t h i s  unique r e s o u r c e  

w i t h i n  t h e i r  a r e a .  



PRELIMINARY REPORT 

EXPERIMENTS I N  PROGRESS AT THE 

BOULDER CREEK COTTONWOOD GROVE 

I. ECOLOGICAL ANALYSIS OF TIIE BREEDING AVIFAUNA OF 

THE BOULDER CREEK COTTONWOOD GROVE 

0 

Alexander Cruz 
EPO Biology Department 
Un ive r s i t y  of Colorado 
Boulder,  Colorado 80302 

A major a r e a  of contemporary r e s e a r c h  by a v i a n  e c o l o g i s t s  concerns 

t h e  s t r u c t u r e  of a v i a n  communities. The primary aims of t h e s e  s t u d i e s  

a r e  t o  de te rmine  how s p e c i e s  a r e  a b l e  t o  s u c c e s s f u l l y  c o e x i s t  i n  t h e  

same environment,  and t o  de te rmine  what s t r a t e g i e s  t h e  s p e c i e s  have 

evolved t o  avoid  o r  l e s s e n  competi t ion.  These s t u d i e s  have been 

done i n  v a r l o u s  communities throughout t h e  world, ranging  from 

i s l a n d s  t o  mainland i n  bo th  t r o p i c a l  and temperate  h a b i t a t s ,  b u t  

s u r p r i s i n g l y  few published s t u d i e s  have been done i n  t h e  Colorado 

reg ion .  To my knowledge, t h e  only  e c o l o g i c a l  s tudy  of b i r d s  i n  

Colorado r i p a r i a n  h a b i t a t s  was t h a t  of Beidleman ( t h e  Cottonwood 

River-bottom Community a s  a v e r t e b r a t e  h a b i t a t ,  Ph.D. T h e s i s ,  C.U. ,  

1954). During t h e  s p r i n g  and summer of 1975 I conducted a s tudy  

of t h e  breeding  b i r d s  of t h e  Boulder Creek Cottonwood Grove. The 

s tudy s i t e  was l o c a t e d  i n  t h e  Boulder Metropol i tan  a r e a ,  a d j a c e n t  t o  

t h e  B a l l  Bro the r s  p l an t  a t  55th S t r e e t  and Arapahoe. The o b j e c t i v e s  were 

t o  dctcrmine the  s p e c l c s  composition, r e l a t i v e  abundance, h n b l t n t  a s s o c i a t i o n s ,  

a n d  n i c l l c  c l t a r n c t c r i s t i c s  of tile b i r d ;  i n  t h i s  c.onmi:snity, ancl t o  

i d e n t i f y  meclianisms wliicli allowcd t h e  cocxis tence  of t1ie.s~ :jpccics.  



During t h i s  pe r iod  f i e l d  work was i n t e n s i v e ,  i nvo lv ipg  one t o  t h r e e  

o b s c r v c r s  working d a i l y  i n  t h e  f o r e s t ,  conduct ing  censuses ,  r e c o r d i n g  

t h e  presence  of a l l  s p e c i e s  and t h e i r  a c t i v i t i e s  ( n e s t  b u i l d i n g ,  

i n c u b a t i o n ,  f l e d g i n g ,  fo rag ing  a c t i o n s ,  t e r r i t o r i a l  behav io r ,  and 

g e n e r a l  movements). 

METHODS 

V e g e t a t i o n a l  a n a l y s i s .  --- T h i s  s tudy  a r e a ,  which was approximate ly  

20 a c r e s  i n  s i z e ,  was d iv ided  i n t o  q u a d r a t s ,  each 100 '  x 100 ' .  I n  

each  q u a d r a t ,  t h e  s p e c i e s ,  h e i g h t ,  and DBH of  t h e  tree c l o s e s t  

t o  each  of t h e  f o u r  c o r n 2 r s  w i l l  b e  o t a ined .  I n  a d d i t i o n  t h r e e  

150 f e e t  t r a n s e c t s  i n  t h e  s tudy  a r e a  w i l l  be  randomly chosen and 

a l l  p l a n t s  a long  t h e  t r z n s e c t s  were i d e n t i f i e d  and measured. 

P o p u l a t i o n  a n a l y s i s .  --- The numbers of s p e c i e s  i n  t h e  s t u d y  

a r e a  were e s t a b l i s h e d  by c a r e f u l  e v a l u a t i o n  of  a l l  f i e l d  d a t a .  These 

inc luded  s y s t e m a t i c  o b s e r v a t i o n s  of i n d i v i d u a l  b i r d s ,  r e c o r d i n g  

t h e i r  s p e c i f i c  p o s i t i o n s ,  movements, n e s t  s i t e s ,  e t c . ,  on g r idded  

census  maps, and n o t i n g  l o c a t i d n s  of a d j a c e n t  i n d i v i d u a l s  s i n g i n g  

s imul taneous ly .  The popu1a t ion"es t i n i a t e s  a r e  expressed  a s  t h e  

average  number of i n d i v i d u a l  b i r d s  of each s p e c i e s  i n h a b i t i n g  t h e  

17.2 a c r e  p l o t  du r ing  t h e  s tudy  pe r iod .  I f  a b reed ing  t e r r i t o r y  

was h a l f  on t h c  p l o t ,  t hcn  only  h a l f  of t h e  p a i r  o r  onc i n d i v i d u a l  

was counted.  A l l  b i r d s  t~cnt-d o r  seer) wcrc marked on d a t a  s h ~ . c t s  

as t o  s p c c i c s ,  number, scx, l o c a t i o n ,  and a c t  l v l t y .  



Food and E'oragit~g ecology.  --- Deta i l ed  o b s e r v a t i o n s  on h a b i t a t  

usage,  f o r a g i n g ,  and f eed ing  s t r a t e g i e s  of t h e  b i r d s  wcrc made 

by a d a p t a t i o n s  of methods used e a r l i e r  by MacArthur (1958),  Cruz 

(1976,), and Cody (1974). Spec ie s  c o e x i s t i n g  in  t h e  same h a b i t a t  

may avoid  compet i t ion  by t h e  fo l lowing  s t r a t e g i e s :  d i f f e r e n c e s  

i n  f o r a g i n g  h e i g h t s ,  f o r a g i n g  zones ,  and f o r a g i n g  behavior .  I n  

a d d i t i o n ,  s p e c i e s  which f i n d  themselves a t  t h e  same p o i n t  i n  s p a c e ,  
- 

can  be s o  because  they  ( a )  may encounter  d i f f e r e n t  food i tems  a s  

a r e s u l t  of d i f f e r e n c e s  i n  f o r a g i n g  behav io r ,  and/or  (b )  t hey  may 

be morphologica l ly  equipped t o  e a t  d i f f e r e n t  s i z e s ,  o r  ha rdness  

of food i t ems  (Cody 1974).  

The s p e c i f i c  t echn ique  involved  walking a long  a n  undeGermined 

p a t h  i n  t h e  s tudy  a r e a  u n t i l  a b i r d  was encountered.  I f  t h e  b i r d  

was f o r a g i n g ,  i n fo rma t ion  was recorded  f o r  fo rag ing  h e i g h t s ,  zones ,  

and behavior  uses .  The f o r a g i n g  h e i g h t  i n t e r v a l s  used were: ground,  

g-6", 6"-2', 2 ' -4 ' ,  4 ' - l o ' ,  10'-201, 20'-35', g r e a t e r  35 ' .  Even 

though some of t h e  s p e c i e s  may f o r a g e  a t  t h e  same h e i g h t  they  may 

u s e  d i f f e r e n t  f o r a g i n g  zones. The fo l lowing  zones were i d e n t i f i e d ,  

ground, sh rubs ,  t r e e s ,  and a e r i a l .  The sh rubs  and t r e e s  were d i v i d e d  

i n t o  t h r e e  main f eed ing  zones ( a r e a s ) ,  t runk ,  i n n e r  branches ,  and 

o u t e r  branches. Each of t h e s e  main zones was i n  t u r n  clividcd i n t o  



Spccics wllJ.cll hnvc a d i l l c r c t l t  tnotlc o f  fcc t l jng  a r c  n o t  i n  d i r c c t  

a compct i t i o n  wi t l i  cclctr o  t l ~ c r  f o r  food , cvcn tlloi11;h the! same i n s e c t  

or f r u i t  s p e c i e s  could  bc capLurcd by methods a s  d i f f c r c n t  a s  

d i ~ g i n f i ,  p r o l i n g ,  g l e a n i n g ,  hovcri t lg ,  o r  f l y c o t c h i n g  (Cody 1974, 

Cruz 1974) .  Fceding bcl lavior  pclttcrrls of t_hc b i r d s  i n  t h e  s t u d y  

a r e a  were c a t e g o r i z e d  a s  fo l lows :  p rob ing ,  pecking ( c x c a v a t i n ~ ) ,  

g l e a n i n g ,  f  l y c a t c h i n g  , s n a t c h i n g  (hove r ing ) ,  and rummaging i n t o  

dead l e a v e s ,  s n a g s ,  o r  o t h e r  a c c u n u l a ~ i o n s  of p l a n t  m a t e r i a l .  

Foraging  methods a r e  u s u a l l y  i n d i c a t i v e  of t h e  food i t ems  sought .  

Although i n  some c a s e s  I was n o t  a b l e  t o  s e e  t h e  food items t a k e n ,  

t h o s e  i d e n t i f i e d  were recorded .  

The pe rcen tage  of t h e  t o t a l  number of  t imes  t h a t  i n d i v i d u a l s  

of each  s p e c i e s  were observed  i n  each  d i s c r e t e  f e e d i n g  h e i g h t  was 

used t o  e s t i m a t e  t h e  f requency  with which t h e  b i r d s  used e a c h  of 

t h e s e  h e i g h t s .  The p e r c e n t a g e s  were c a l c u l a t e d  by summing a l l  t h e  
\ 

number o f  o b s e r v a t i o n s  f o r  each  f o r a g i n g  h e i g h t  and d i v i d i n g  by 

t h e  sum t o t a l  o f  o b s e r v a t i o n s  f o r  a l l  h e i g h t s ,  S i m i l a r  methods 

were  used t o  de t e rmine  t h e  usage  of each  d i s c r e t e  f o r a g i n g  zone and 

f o r a g i n g  bchav io r  p a t t e r n .  
I 

From t h e s e  measurements I de termined  t h e  f e e d i n g  p r c f c r e n c e s  
1 

of each  s p c c i c s  and t h e  p r o p o r t i o n  of o v e r l a p  w i t h  cve ry  o t h e r  

s p c c i c s  i n  t h c  community. Thc sum of thc p r o p o r t i o n s  of  observations 

s p c n t  i n  conlrnon by cacll s p e c i e s  i n  c a c l ~  v c r t i c n l  zonc was uscd a s  

a mcasurc of v c r t i c n l  f c c c l i n ~  ovcr lnp .  For  cxampl .~ ,  i f  s p c c i c s  A s p c n t  

p ropor t iona te ly  0.50 of i t s  t i m e  feed ing  i n  t h e  ground-6" l a y c r ,  0 .25 



a t  6"-2', and 0.25 a t  2'-4' and s p e c i e s  B spcBnt 0.50 a t  2'-4' and 

0.50 a t  4'-lo', t l ~ c  amount of v c r t i c a l  h a b i t a t  o v c r l a p  would b c  

0.25. Sin i i l a r  methods were used f o r  c a l c u l a t i o n  f o r a g i n g  zone 

and f e e d i n g  bchavior  ove r l ap .  

The above methods a r e  now being u s e d ' t o  o b t a i n  in format ion  on t h e  

av i an  community s t r u c t u r e  of  t h e  Boulder Creek Cottonwood Grove. 



11- ECOLOGY AND BEHAVIOR OF THE BLACK-CAPPED ClIICKADEE 

Do Archibald McCallum, Ph.D. Candidate ,  EPO Biology, C.U. 
D r .  Alexander Cruz, Superv isor ,  EPO Biology, C.U. 

- I  am p r e s e n t l y  engaged i n  my t h i r d  season  of r e s e a r c h  a t  t h e  

Boulder Creek Cottonwood Grove. My s p e c i f i c  a r e a  of i n t e r e s t  is  

fo rag ing  ecology and breeding  b io logy  of t h e  Biack-capped Chickadee 

(Parus a t r i c a p i l l u s )  and t h e  Mountain Chickadee (P .  - gambeli) .  I n  

o r d e r  t o  p o s t u l a t e  t h e  ' evo lu t iona ry  a d a p t a t i o n s  which e n a b l e  t h e s e  

two c l o s e l y  r e l a t e d  s p e c i e s  t o  avoid compet i t ion  i t  i s  neces sa ry  

t o  make e x t e n s i v e  obse rva t ions  of them under n a t u r a l  cond i t i ons .  

Along t h e  Front  Pange t h e  Black-capped Chickadee i s  p r i m a r i l y  a  

b i r d  of r i p a r i a n  cottonwood communities. Although i t  seems t o  b e  

r e l a t i v e l y  abundant i n  r e s i d e n t i a l  a r e a s  (a  dec ided ly  unna tu ra l  

h a b i t a t  where n a t u r a l  a d a p t a t i o n s  become obscured) ,  it i s  d i f f i c u l t  

t o  f i n d  l o c a l l y  i n  s t a n d s  of cottonwoods, even though I have searched 

f o r  t h e  s p e c i e s  throughout  t h e  g r e e n b e l t  dur ing  t h e  win te r .  The 

only  p l a c e  t h a t  a  popu la t ion  can be found i n  a n a t u r a l  s e t t i n g  i s  

i n  t h e  Boulder Creek Cottonwood Grove. My hypo thes i s  i s  t h a t  t h e  

o t h e r  s e c t i o n s  of r i p a r i a n  woodland have l i t t l e  ground cover  and 

do n o t  o f f e r  a s u f f i c i e n t l y  dLverse h a b i t a t  f o r  t h i s  s p e c i e s .  I n  

f a c t ,  t h a t  is  my g e n e r a l  impression about  a v i a n  l i f e  i n  t h e  Boulder 
? 

Creek d ra inages .  No o t h e r  s i t e  has  t h e  h a b i t a t  d i v e r s i t y  of t h e  

Boulder Creek Cottonwood Grove and no o t h e r  suppor t s  a s  d i v e r s e  

a n  a v i a n  community. 

There i s  ano the r  f e a t u r e  of t h e  Boulder' Creek Cottonwood Grove 

av ian  community which makes i t  of s p e c i a l  i n t e r e s t  t o  mc. S ince  

I f i r s t  hcgnn my srutlics t l icrc  111 I:cbru;~ry, 1974 tllcrc 113s bccn 

p r e s e n t  among t h e  Black-capped Chickadee f l o c k  a n  indi .vidua1 of 



P. gambeli .  It is  unusual  f o r  a member of t h i s  montane, c o n i f e r -  - 
adapted s p e c i e s  t o  b e  found away from t h e  f o o t h i l l s  i n  a  deciduous 

f o r e s t ,  even i n  w in te r .  Yet t h e  b i r d  has  ope ra t ed  a s  a  p e r i p h e r a l  

member of t h e  r e s i d e n t  f l o c k  f o r  a t  l e a s t  two w i n t e r s .  Th i s  

has  o f f e r e d  unique o p p o r t u n i t i e s  f o r  obse rva t ion  of  behav io ra l  

i n t e r a c t i o n s  between t h e  two s p e c i e s .  1 n . t h e  b reed ing  season  

of 1975 t h i s  Mountain Chickadee a t tempted  t o  breed  w i t h  a 

Black-capped Chickadee. Hybr id i za t ion  between t h e  two s p e c i e s  

h a s  never  been recorded and must be regarded  a s  a  h igh ly  u n l i k e l y  

and s i g n i f i c a n t  event .  The p a i r  formed a bond and s e l e c t e d  a  

n e s t  ho le .  Although they  d i d  n o t  r a i s e  young they  d i d  remain 

p a i r e d  throughout  t h e  breeding  season. These i n d i v i d u a l s  remain 

i n  t h e  a r e a .  It w i l l  be  of utmost s i g n i f i c a n c e  t o  t h e  unders tanding  

of t h i s  even t  t h a t  they  b e  allowed t o  cont inue  t o  e x i s t  i n  a n  

und i s tu rbed  s e t t i n g .  Recent ly human d i s t u r h a c c e  of t h e  Boulder 

Creek Cottonwood Grove has  increased .  A s  r e s i d e n t i a l  a r e a s  

p r o l i f e r a t e  i n  . the immediate v i c i n i t y  t h i s  abuse w i l l  no t  doubt 

i n c r e a s e  i n  frequency and i n t e n s i t y  u n l e s s  t h e  s i t e  i s  pu t  under 

a t r u s t e e s h i p  which w i l l  ensure  i t s  i n t e g r i t y .  I f  such t r u s t e e -  

s h i p  is  n o t  forthcoming w e  w i l l  probably l o s e  what is i n  my op in ion  

t h e  f i n e s t  ecosystem of i t s  s o r t  i n  t h e  county,  i f  n o t  t h e  e n t i r e  \ 

\ 
n o r t h e r n  Front  Range. 

D. Archibald McCallum 
September 29, 1975 
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APPENDIX ONE 

FAUNA OF THE COLORADO COTTONWOOD RIVER-BOTTOM 

COMMUNITY (BEIDLEMAN, 1954, THE COTTONWOOD RIVER- 

BOTTOM COMMUNITY AS A VERTEBRATE HABITAT, PH.D. 

DISSERTATION, EPO BIOLOGY DEPT., UNIV. OF COLORADO). 



1 - I3t\ck Craok (5  acres) 
2 - ifowi Thai-son (10 acres) 
3 - Stoi1ci:rd.l Crcel: (10 acres) 
4 - Ii iat  Ca:l;ron (5  zcms) 
5 - Spring C L ~ ~ O ~ I  (5 Z C ~ G S )  

6 - Mort31 Youcke Ditch (35 3 ~ ~ 3 )  
7 - Left  TWid CrceL (20 acres) 
8 - Big Thoqson (15 acx%s) 
9 - LiLLdc Thonpson (19 acres) 
10 - St. Qr& (10 acxo)  
J,l - Boulder Creek (50 acms)* 
12 - Pou& at For t  Collins (20 acres) 
3.3 - Poudre a% Xi11cbor (s acms) 
4 - Platte at Orehad (3.5 x ~ s )  

. - P b t J i x  at Atmod (20 acres) 
16 - IFlaclr Xolf Cmek (50 acres) 



Arca Slzo AnpMbia Ropt i l ia  Avea I,ku-rnnilia T o t d  Rank 
(acre ) 

Avorap Numbor 
of Spocios 2 2 73 10 87 

TADLE V, Surmnary of II1mbcrs of Vcrtobratc Species, Ixclucling Sub- ' 

species arid ifybrids, i n  the  Sixtoe~l  liorthern Coloraclo 
Cotton~.rood ikivcr-bottom Conumulitics. 









Rock Dove 

Screech ml -, - m  

Horned O w l  

ad-shafted. Flicker 

Red-beaded Woodpeclrer 

I&-,ds's h'oodpec'ter 

x 1 

X 1 
. 

X X X X X X  X 9 

X 2 

X X  X X X X  20 

X It 3 

X 1 

31 1 



B k s  Jay 

L-tcricm YWie 

Black-capped Chtckadee 

X X X X X  

Rock 1-a 

X X X X X  Robin 





!i!ARLE M I  ( fo l lo~dng) .  1.- of tho Colorado 
Cottontrood River-bot t-on Commnity, by Amas. 
TI10 relative ahiid~rico of each species is 
l is lccl  (first lb-c) md, i n  soxe cases, the 
maxiram zmabar secn on a sin.:glo .I;sj.p (second 
Lfne). T110 foUot,dng smbols have been usedr 

P -- Pressat but no"cs_necialLy abundant 
C - Comon, f o r  t.ho ~xriiiculttr spocics 
R - RepoPLed i n  area, but oikher not 

chmhg census period or not by 
t h b  autAnor 

Z -- Qucs.t;ionabb identification on the 
basis of signs alone 



Species W x 1  2 3 4 5 6 7 8 9 l O 1 2 U f i l  T o t a l A ~ a s  

Sara obscu~"~.s - -- - - P  

Sorex oalustri s -* P P  

1.fustel.a f'renata (sp. 7) -- 
P C C P C C C C P P C C C  1 

P P P P P P  
1 1 

P P P  
i 
P 

1 

P P P P P  
1 1 1 1  
P 
2 



I . *mo ta  flatTivcntr?,s - P 
1 

C i t c l l u ~  elegans - P 
2. 

C i t c l l u s  tri2cce.-s, 

Citcllns varicfztus - ? 

Euta-52.3 I+-~.LTJs (sp. ?)P - 
2 

Ect 2-ia q u a d r i v i t t  a t w  C P 
6 1 

Tc-Lzcciurus f r c n o n t i  R 

Sci1m0 aberti -- R 

Sci lms  nicer - P P P  
1 1 1  

tho no.^ tal,poidos C C P  

P  P 
2 . 1  

C C C  P 
5 8. Is;. 2 

C C P P C C C P C  
2 . 3 1 1 2 5 2 1 2  

2 

Geoqm 'Durs~rius ? C C C  4 
C z t o r  ca~adcrisia - P P P P P P C  

1 1 1  9 
.%ithrodonto~p n. -he - P C P P P 5 
Pezo.on;.sca sm,culatus P P C C C c c c C C C P P P  1L 

.- 







h a :  6 U 1 2 U 1 4 1 S f i  
T o t a l  Trapnights 1% 3; 2; 2 22 $ 50 25 60 30 35 1 35 Total: 2158 

A r e s  
0 - 

Screx o b s c ~ m  - 
Sorex nalustri8 - *  

1 

Zz7.s h-~dsonim - 2 2 3, 
3) 3 

r c t d  ~ y c i c s  Caught 6 5 4 3 1 2  1 1 2 2  1 1 3  
T o t d  ;:m?Szr Cauzht 1 10 Xi. 15 12 XI. 24 12 XI. 7 6 3 6 
:;;-ker p21. 1C3 T r z p n i ~ h t s  - 29 55 50 3 37 48 48 18 24 18 20 18 

T a l f .  nIIe  3:22JJ. I . r ~ ~ z a l  Catches with l,!usoui SAm?ocid Treps , IJorthern Colorado Cotton~tood River- 
b t k xs .  h a  125 is nor?ili of 1-rca 12 (sce Tablo XTJ) . Randon s z ~ ~ l e  excc2t f c r  
Area 12a. Figuo on first l h o  i s  nw.Scr caqht ;  f i g ~ ~ s  on second l i n e  i s  nxzber 
p r  100 tr;l?-nigi1t,s. In T O W .  c o l m ,  first Zicdro ropresonts  t o t d  catch in all 
arcas; second figure rcprsscil ts  avoraza numbe- per 100 acres. 



2rl f * 2so 
a m m  3 3 '00 d 12 " -4 

d dm s .?A 
0 0 -  

sad 5 -p Total Census Feriodr 9 g d  A d. *.. . . .+ 
z r3 

Tota l  Trapnights 3 1050 210 a0 309 17-70 

1. 
Feitbzcdor.toqys no dychei 4 4 - 
Percq:s cus mrcx~ctus 30 43 

I5crctus  pn".s:;lvmicus - U 12 

Kicrotus ochrogastcr u 17 

Ihs z~?scul.As 
7- 

20 L 23 

Sorcx cincrecs -- 5 I 6 

TO+& Catch 83 3 U 6 105 

T A ~  s ~ d 1  3- population Study on One-fourth Acre of tleeGy Cotto::wwd Woodland 
E d p ,  Cache la poudro River, 25 ILilos Southca3t of Fort CoUiw, Color~do. 
T h i s  plot l:as directp~ north of Area 12 and !a now beer: d c s t r o p d  b~ gravel 
ogc ra t ion~ .  As-ayAn~ '~lizt t t c  cf f ec t ivc  trz?piiig Jrca *OX lii6ch :~\-d. 
p o ~ ~ ~ t ~ o ; l s  r:crc &a:;n tias abo-at 2 mre, there ;;auld bo approxi:mtePi 20,W0 
s ~ f i  r;.;ry".'& pro&~ccd per 100 ncrcs of such ha'aitzt. 



TABLP. VIII (following). BLrds of the Colorado Cottomod Rivor 
bottom Coimmity, by Areas. 

This tnblo not only indicates the presence of a species i n  
an area but also indicatos its status and population domity for 
each area and its density and frequency of occurrence in the 
entire cottorrwood c d t y .  

The numbers LI.6 across t h e  top of the page refer tn the 
sixtcen census areas. Species are arranged i n  bcreashg order 
of (1) cosmpolitan disi&bution and (2) number of t r ips  seen. 
The code m ~ b e r  under tine species n m 0  is made up of the 
f o l l o ~  t 

numerals t o t a l  -years soen 
Second nuneralr total areas of record 
Thtrd n u r e d :  total t r i p s  of record 

For exaaple, in the case of the  ,?amie ((8-16166), this species 
uaa seen a t o t a l  of e i g h t  (8) years (in at l e a s t  one area), was 
recorded in sixteen (16) areas and on 466 trip. All  IiSDEX TO 
THIS YiiSSS;X L I S T E G  IS PiiOTIDiD EJ TAaL6 XBLI, wherein species 
are l i s t e d  i n  taxonoxic order and the second and third index 
mmbrs described abme are incluckxi for  each species (i.e., i n  
the case of the ragpie, the intiex code in Table XVII is 
16/466). 

me five l ines  to Me right of eachspecies name include 
the following infomationz 

liae 1 - S t a b  of s-cies in area (see key blow). This . 

is s o m W  difficult to determine, and severdl choices 
are often given, the first choice being the typical 
aituation. If ao exact status waa detamined, usually 
the best possibility PB been l i s ted .  In tho case of 
the magpie, the synbOl rigan in Area 1 means t ha t  the 
spocies was t y ~ i c a l l y  a par-mwd visitor and/or a 
par-round resident in %'hat area. S u m r  or year- 
round residence suggests a breeding atatus. 

Status Keg I 
a - year-round resident 
b - sumcPer resident 
c - uinter resident 
d - fall and s p a  visitor or migrant 
e - spring mipant or visitor 
f - fall nigrant or visitor 
g - year-round visitor 
h - dntor migrant (ducks) 
i - aumnor visitor 
3 - Vlntcr v i s i t o r  . k - msidont, migrant, and 

year-rod visitor 
3 - statue undotenninod 



Ltne 2 - Tho years of record for species i n  each arose 
In tho case of the nagpie in Area 1, it uas seen during 
throe (3) para .  

Ihe 3 -- Tho n u m b  cf tr ips  on which speciaa waa eeen 
in each m a ,  In the case o f  the magpie in  llrea 1, ths 
apecics ma rocorded on soven (7) tr ips .  

Ilne -- Tho average annual populauon density o f  the 
species in each area, For axanplo, i n  the case of the 
nagpie in A r e a  1, its merage annual density was t w o  
birds per tho fivo ( 5 )  acms of Area 1. It must be kept 
in mina that this a d  average does not indicate the 
seasonal varizt ions which typically occur, The a i d  
average must bo considered together w i t h  the speciesg 
status i n  order t o  ~ b t a i n  a picture o f  tho birdcs 
position in  the particular c o d t y .  Also, of course, 
the mre t-3 on which a species wa3 recomd, the more 
accurate %he awal averqe cicnsiej b. 

Une 5 - The population density pe r  100 acres for the 
specles in a particular area. For exaqle, in Area 1 
the zagpiers density ,per 100 acres, obtained by 
xult iplyiq its averas area (five m s )  d e d t y  by 
tozsrrty ( Z O ) ,  is 33 bird3 per IQO ieres of such habitat, 
This is, of course, a hi- erroneous Zigurs, 
eqJecb3J.y for small areas. 

Ths two figums (i,e., magpie - 22/25) in the extreme right 
oolunn indicate the average dersibj of a *-pociss per 100 acres 
in the nofi~ern Colorado cottomood rivsr-bottom commity as a 
whole. The fi-me to L b  lefi of the s lan t  (22) has been derived. 
as follo.ils. Tho average de:-sities 02 a species for all m a s  in 
a single year were totalzd. 'iilen the total acreage of areas in 
which the  species 1- seen in i;he particular par was calculated 
( a madnnun of 2% acrss if the species occurred in all areas). 
The to ta l  averGe densities t m e  then corivorted to  mhr per 100 
acres i n  their ratio to 275 m s .  This nun'Dsr per 1CO acres 
was add& up for all years of occurrence, t o  get an average number 
per 100 acres, In essence, this ist&r per l6Q acmstf is not 
interpreted as the  mmbcr p r  100 acres of contimo11s cottonwood 
Fiver-bottom but rather the t o h l  number of individuals common 
t o  m y  p u p  of cottcnrnoci wodlonds whose arcas would add 
up to 100 acres. In sit-aations' whcro a qecies  occurs in the 
majority of tho uo-1& ccnsused, this 1C3-acre f i v  appeara 
more valid than t h a t  derived i n  the ordinary nethod doscribed 
blow. A s  tho total nuxn'uor of m, and hence acreaL=, 
decreases, t h i s  fkm becomes loss valid. &on a spccies i. 
Been in only one area, t l l is chnsi ty f i ~ v r o  muld, of course, be 
Identical with that derived by the  atamlard ~llothod. 

The fi~m to thc r ight  of the alant (25) represent3 the 
.rorago domity por 100 acros, &rived in tho standard mothod, 
~l.mcly, mlt ip>ying tlm avorap aonsity for a apecico in one 
ar8a by tho y o n l o  oizo reliltionship t o  100 acroa, and montually 
achieving n total avcr- for all amae of odmancs.  



X% ci!?-;Il ps romnbomd, in conaidering .ny of tho dowity 
, . i.l'a.: !,i i-ro flocks of a single apociea on a  OW days vill 
ru3- :t i litc:. i. *. ;.:*Li i i" tho (IOnsity f i v s  out  of dl proportion to a 
up~.??..i': ! ' :L.I.;.:I~. .. tatus in an area. In using to best advantap the 
c l g ~ ~ i , . : ! .  ! :a:~u!i given in the follo~dng table, consideration 
e%o:\ .ti v l t  2 1 -:. given to a species* status, mmbar of tr ips  seen, 

1 - 'Wrck Cmek (5  acres) 
2 - North Thorapson (10 acros) 
3 - Stonwal l  Creek (19 acres) 
I. - Rist Canyon (5 acres) 
5 - spxdng Canyon (5  aw;es) 
6 - North You- Ditch (1.5 acres) 
7 - Uft nand Creek (20 acres) 
8 - M g  Thoqson (15 acrcs) 
9 - UtUe Thompson (LO acres) 
10 - St. Vrain (10 acres) 
8 1  - Baulcier Creek (50 acresp 
l.2 - Poudre at Fort U n s  (20 acres) 
l.3 - P a d m  at 'i!indsor (15 acres) 
l4 - P l a t t e  at Orclsud (Is; acres) 
IS - Pla t t e  at Atxood (25 acres) 
20 - Klack Wolf Creek Gi3 acres) 

1 1947 and 1948 the Boulder Creek area included 
3 acres of river-bottom, This must be kept 
mind in  using; the fQll0ldng table, 



glack-ca ,)ed Chickadee & ga ga c ga ga ag a a g a s a a a a s  
6- 9 4 2 4 3 4 c 4 4 h 6 7 k 3 3 h  - 8 12 2 20 21 I.? IJ+ 21 10 89 105 11 9 8 10 

2 2 1 3 2 3 2 1 5 3 4 5 5 4 L 6  w 23 10 55 33 21 XL 28 45 33 6 23 35 30 20 13 

Pinkaided Junta 3 3 d c j l e j y  c j c  c c j c i  c c c 
8-16-222 2 1 2  l i t 4 4 6 6  3 3 k  

w54 

4 1 2 2 3 a 3 1 6  9 7 1 2  9 @ 4 0 s  3 3 5 
5 3 1 5  6 3 3 1 0 2 9  8 U  6 8 4 8 2 5 1 2 1 2  
90 30 4 5  120 265 72 124 $6 Il.3 $5 3.3 18 56 173 62 23 1' 

&, 

3b-g Dm0 d i b b b b b b b b b b b b b b b  27/33 
4 7  t$; 8-16-217 2 2 2 3 4 3 3 3 3 3 5 5 4 3 3 3  

2 4 2 l . 4 3 5 1 2  9 5 1 2  5 4 0 4 8 U 1 5  5 5 
2 1 7 4 8 9 5 2 5 3 7 7 6 6 5 7  P 

t" 30 lo 65 80 150 65 23 16 47 33 l2 35 40 440 23 15 f 



1 2 3  4 5 6 7 8 9 10 If, 32 4 l5 16 ~ensity/100 
' b e  SP- f f c c 30 c o c c j o c a e c  46/73 

8-lb-170 3 ! ? 3 L 4 4 ! 3 2 4 4 6 7 4 2 2 2  
I. 1 L U 3 O 1 6  I. 2 5 6 3 L 3 3 2 2  2 3 34 

3 6 1 5 2 0  8 Z b S  3 S U . 2 4  6 2 0  
80 30 60 295 400 50 5 28 I53 25 28 57 166 lr2 20 4.0 

House Wren 
6-SLS1 

Papmy Woodpecksr 3 3 d d j y ; d $ T a q y  da f a 
2 1 * h i 2 2  3 1 3  

6/8 
8-l5-l80 

2 1 9 1 2  6 3 6 5 4 3 6 6 2 1 9  5 1 9  
1 l l l l l l l l l l l l l l  
20 10 20 20 7 5 7 10 10 2 7 9 9 5 2  



Spotted Tawhee 
5-fi-88 

Tellav Warbler 
S-w 

b g b j  b  b  b e b  b k i d i b g  b e b  eb f 
2 

19/25 
L 3 2 3 4 ' L L 3 4 4 5 6  1 
18 16 $ 15 38 8 12 7 7 8 29 47 - 3 1 
L 3 7 3 3 8 L 4 4 4 k 5  5 3. 
70 30 65 60 60 5 19 30 30 40 6 26 --35 - 2 

2 2 2 2 3 3 3 3 2 2 L 5 3 1  
3  4 2 5 1 8  1 6  5 2  2 4163.0 1 - 3 . L 4 7 4 3 9 9 3 4 7 7 6 8  

50 35 35 140 87 23 52 63 25 35 12 34 40 56 
d d d d d d d d d d d d d f  

1 3  3 1 0 3 2  4 1 2  1 10. 2. 1 3: 
1 1 4 3 2 1 , ' 2 1 5 1  2. 3 2 

10 40 50 47 26 8 7 W 10 
2 

12 18 11, I: 

b i b  b  b b b  b b b b b b b b  
2 2 2 3 3 3 2  2 4 1 1 1 2  

25133 
3 

8 2  2 8 2 0  3  3 5 4 5 1 1 3  

U w m a y t 6  W a r b l e  b b f  e d b f  d f e d d f e f  
3 2 3 1 3 2 2  1 2 5 2 1 2 2  
U 7 1 1 I - 0 2 3  1 2 1 5 2 1 2 2  



9 flock of 2000 
sve r aged 

* some large floalc8 not 
meraged 

Blng-necked Pheasant 
8-U-179 

3. e l  9% g k e i  k k g j  gas 
1 3 2  2 4 3 6 6 4 3 3 3  
1 18 31 22 9 88 86 30 7 1 5 
1 5 2  2 32 8 28 27 25 5* 2 3.4 
20 l O O I . 4  14 323 80 48 l37 172 35 17 29 

sparraw f b b i  d b i  b M  b b i  e i d f 7/9 
8-U-1lo 2 1 1 3 2 2 3 3 2 5 1 1  3 

1 2 0  9 2 3 7 5 2 9 2 5  1 2  3 i-' 3 
1 1 1 1 2 1 2 2 1 1 1  1 

VI 
1 w 

20 25 9 5 11 3.3 23 1 7 7 7. 2 10 
- 

. . : ,  . _  . . 
. , . ,  I I c r r  6 * 4 a ~ ! ! * - e  . . 



bleatern Wood PBvee ib b b b bi bi b i bi ib ib fb bf 20/& 
6-U-66 3 2 1 3 3 3 2  2 2 3 2 1 1  

7 7 1 8 3 3 6 3  2 5 8 3 1 2  
2 2 3 6 3 2 3 4  t 4 2 1 2  

30 60 60 40 21 18 7 22 Ilr 7 10 



X 2 3 b 5  6 7 8 9 ~ ) ~ 1 2 U ~ S l 6 ~ ~  
i 8 8 8 8 8 8  8 8 8  f d e  0liPe-bac)ced ' l h r ~ h  
Z 1 2 2 2 2 3 .  2 5 2 1 2 3  
1 1 2 4 3 3 1  1 8  5 L 2  3 
1 2 1 2 2 2 1  7 8 6 1 1 Z  
20 20 20 LO 11 10 7 9 3 9 4 2  7 5 2 

Orange-crowed Warbler e e e s e  f d s e d d f 0 1 7 / 2 2  
b-Ua8 1 1 2 1 2  1 2 1 2 1 2 1 2  

1 L 7 1 2  2 2 1 h 2 2 1 3  
1 b 2 L S  X I 1 5 3 2 2 2  
10 80 30 7 23 10 10 2 23 21 U 10 

l u l d e e r  e 0 ib d u g  k k a d  b a e 10133. 
8-12-197 1 3 3  2 2 4 6 7 3 3 3 1  

1 9  7 3 4 9 7 3 6 7 U  4 7 2 
1 2 2  2 1 b 3 2 2 3 2 1  
20 33 l.2 11 10 35 5 K l-4 19 12 2: 

CMw.lng sparrov d i d e e f f f d d d  e d 35/65 
6-12&. 3 3 1 1 1 3 3 3 4 3  1 2  

$ p 1 x 1 3  3 1 0 1 6  6 1 2  
14 2 2 5 1 2 3 - J - 5 8 5 8 9  8 0 ) L  

47 147 35 5 l& 1U 577 7 38 65 

LLncoh's SparrcrP be M eb e f f f e  d ef d e 
5-3240 2 1 1  3 1 1 1 1  2 4 2  2 

3 2 1  7 1 1 1 1  3 4  4 2 
2 1 1  1 1 1 1 1  2  3 2 1 

30 10 lo 27 7 5  7 m  3 4 1l 2 



Western Wtwbling Vireo 
S-lo-1La 



a b b e  
2 3 3 1 
2 L 3 2  
2 5 r u  
14 35 7 22 



- 
i i b i b  b b 

f 

I 36h7 2 l . 2 3 3 3  2 
6 1 2 I . b  6 6 

fl 
3 5 / a. 

- 7  - 4 6 6 5 6  2 U. b 
' 4 0  40 120 320 33 30 2 51 20 

, . . .  . - - - ..T -. _ .- IN.... .. . .I .. . C . "C . . - .  . . 





1.but1"YaLn Bluebird 
6-3-13 

3 f 3  e f e d o  
1 2  I 1  Z Z l  
1 3  L 1 1 2 1  
1 9  s 35 2 8 1  
20 107 75 245 20 6 5 

House S p m o v  
b7-39 



1 2  3 4 5 6 7 8  9 10 U 12 l.3 l.4 35 16 ~ensityb.00 
'SEe~erfs day 3d d e e e f /38 

4-7-Y J 4 2 1 1 1  1 
5 10 5 6 2 2 1 

3 2 2 2 1 
6040, 47 25 14 20 5 

Turkey V u l t u r e  
5-74) 

M e s t e r n  Flycatcher 
5-7-16 







3 . 2  3 4 5 6 7 8 9 10 12 4 l t r  I$ 16 Dens 
'TRed-epd Vlreo fi e 

64-16 
i e o ei 

L .1 L 1 4 , 2  
1 1 I, 1 10 2 
2 

2 0  
b 

28 
3 1 3 1  

30 2 2 3  7 

Xupidonur Flycatcher ib 1 
E.6-J-5 2 33 

(mostly T~U~S)  3 1 
3 1 

(Western not included) 50 lQ 











Townssndts Warbler 
34-6 

olive-sided mycatuher 
3-44 . 

wxcludiag some large 8 922 2 
flock3 6 U O  lo 
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SECTION I 

ENV1RONI:ENTAL DESCRIPTIOlJ OF BOULDER CREEK . 



SECTION I 

ENV1RONI;IENTAL DESCRIPTION OF BOULDER CREEK 

A, INTRODUCTION 

Boulder Creek has its headwaters in the high mountains of 
the Front Range and flotrs ~nrougil mountain  arks and neadovrs 
until it fuqels into a aeep narrow caxyon below liederlarra, 
Colorado. From the head of the canyon it dro9s approxizately 
3,000 feet in about 14 miles and flows out of the mountains 
through Boulder and then across the plains until it joins 
St. Vrain Creek agproximately 15 miles northeast of town. 

Water is an ingortant conmodity on the East Slo~e of the 
Front Raxse, and the water in Boulcier Creek is used in a 
variety of ways ber'ore it finally zerges :vitn the St. Vrair,. 
At the head of-Boulder Creek Cayon there is a large reser- 
voir wlnich supplies water to a power gezersting plant located 
about 2 miles west of Boulder. Controlled relesse of water 
from the reservoir causes Boulder Creek to flow irregularly. 
Once the water reaches Boulder, a complex system of aitches 
and canals diverts much or" it into irrigation systems tinicn 
supply the surroun2ing farmlands. 

Many people spend leisure tine in recreational activities 
along Boulder Creek. The scenery in Boulder Canyon attracts 
picnickers, hikers, and rock cli~bers. The plains portion 
is utilized to a lesser extent, but the few remaining natural 
areas are of interest to many citizens. 

The city of Boulder uses the creek as a vehicle for disposal 
of treated sewage effluent, Outfalls at the Pearl and 
75th Street processing facilities have deleterious effects 
on the-biological components of the stream. The treated 
'sewage effluent, zlong with city street run-off, industrial 
Pollution, agricultural run-off, ana dewatering for irrigation 
have combined to form a situation in ?.~hich intermittent 
flow and high pollution levels cnaracterize much of Boulder 
Creek. 

One course of action which has been proposed to alleviate , 

rzme (jz tire pIo'ijieI,!.i; aio:lll; creek is to irn~rove the 
existing sewage treatnent facilities, and thus'rcduce stream 



contm.ination from this source. Several alternatives for 
the sewage treatment capabilities exist, and the 

~lt irnate selection of an appropriate treatnent plan for 
Boulder will have to be mada using engineering, economic, 
ecological , social, and political criteria. 
The purpose of this report is to provide a description of 
the Boulder Cree:: ecosystem which can be used in ecological 
evaluation of the various engineering alternatives for 
improving the existing sewage treataent facilities. Secondly, 
in light of the environ~ental description, each of the 
alternatives is evaluated relative to the 5eneficial or 
detriment21 effects it may cause in the en~iro~ent. 

Huch of the infornation presented in the renort was drawn 
from previous studies (notably Bock 1972, Stoecker 1372, 
and Windell 1972) and a listi~g of references relevant to 
local enviromenr;al concerns is presented in a bibliogra.phy. 
In addition to the available studies, field observations 
and aquatic saqlixg usec to fill inforxation g a ~ s  
and allow for better maerstanding 02 the eco10,- ricai inter- 
actions along the creek. Since the primary concern of 
this study centers on evaiuating the effects of inprcved 
sewage treatnent, the study area was limited to the portion 
of Boulder Creek from jnst above the Pearl Street sewage 
outfall to the confluence of Boulder and St. Vrain creeks. 
Approximately one month x i s  spent in the preparation of 
this report. . 

B. P R E - S E T T L E I ~ T  ~ ~ I R O I J ~ I E N T  

Prior to settlement, the vegetation and wildlife along 
Boulder Creek were probably quite dilferent fron that which 
exists today. Cottonwood trees probably existed as large 
groves in sone >laces and as narrow b m d s  of 2orest.im- 
mediately adjacent to the strem in others. 'tlhere gaps in 
this galiery forest occurred, the surrounding prairie reached 
t o  nearly the edge of the creek. 1;iature cottoni~~ood forests 
tend to be open a d  airy, and.in the understory of these 
forests there was probably a large component of prairie 
grasses and forbs. On sites where the cottonv~oods were 
dense and formed a closed-canopy forest, the dry prairie 
environment was ameliorated and mesic plant species charac- 
teristic of iieciduous forests of the East undoubtedly grew. 
These forests were utilized in pre-settlement days by the 
large grazing animals which occurred inthe area: bison, 
antelope, el!:, and deer, . Ponds and marshes occurred in 
abandoned stream chwaels and in cut-off meanders, and 
Periodic flooding was common. 



C. EXISTING TERRESTKIAL HABITATS 

There are only a few large stands of cotto~v~oods left along 
Boulder Creek, and the gallery forests have been reduced to 
a few scattered trees. Some yonds, carshes, and willow 
communities still occur, and with the adjacent agricultural 
land they form a collage of semi-natural habitats. The 
larger plains an'ims1.s are virtually gone, but most of the 
birds and smaller namals still remain. 

1. Gallery Forests 

The tern gallery forest is used to describe woodlands growing 
along stream courses in pairies, semi-deserts, or other 
types of open vegetation. In the gallery forests of Boulder 
Creek, the dominant tree species are broad- and narro7;:-leaved 
cotton:-roods. These trees grow rapidly, attain very large 
sizes, 2nd are ecologically imgortant because of their 
moderating influence, liot only do they provide habita3 
for nwnerous birds and na~~rnals, but they cool the s t r eaq  
and understory and allow many species to exist sithich cther- 
wise could not tolerate the warm climatic regime of the 
western plains. 

In many locations the understory of these gallery forests 
is poorly developed because of grazing. Piany of the nerb- 
aceous species '~Llich occur here are weedy and introduced. 
Where the mderstory is not severely distu~bed, nwnerous 
shrubby s~ecies are found: wild rose, gooseberry, buc!cbrush. 
On moister sites, willows are commonly encountered, 

Marshes and Ponds 

In places where Boulder Creek has not been channelized, 
there is a well-developed meander systen. Cut-off of meander 
loops by natural or artificial processes has formed several 
oxbow ponds, and where these have filled with sedixents 
marshes occur. Yhile not widespread along the creek, these 
habitats are imoortant for many plant and animal species. 
The vegetation is composed prixarily of cattails, bulrushes, 
and other sedgzs. The cattails, which spread by vegetative 
propagation, rapidly become established and spread quickly 
as organic debris a d  inorganic sediments accumulate. The 
marshes have a nearly continuous cover of cattails, whereas 
the ponds are surrounded by zones of emergent vegetation 
with open water in the center (~ig. 1). Such habitats are 
very important to local waterfowl populations. 

3. Willow Shrub Community 

Willows grow on sites which are drier than the marshes and. 
more moist than the gal1e.r~ forests, and tend to occur xostiy 
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f ?igure 1 . Emergent vegetation surrounding a pond along 
t 

Boulder Creek. 



c 3 sunny stre& banks and sand bars. They may persist as 
large shrubs or small trees in the forests, but the 

r-,.ort-livcd willoi~!s tend to decrease in importance as gallery " .. 
f o r e s t s  develop. The willo:.~ cor:munities sho-(I a degree of 
,tr3tification with several ~villow species forming a dense 
:?.rub cover, and nuiraerous sedge s~ecies providing cover in 

ground layer. The species ?.~hich occur in this COE- 
:,aity are very tolerant of flood conaitions, and they 
cffcctively reduce erosion and mdercutxing of the stream 
t d ,  On may of the willow shrub sites, yomg cottonwood 
trees occur, and zs they develop, the corraunity slo~11;r 
:>.anges in structure and co~gosition util a gallery forest 
:evelops. This 2rocess is d~namic under catural conditions 
::ince the stream constmtly erodes the existing banks re- 
;;ilting in slow destruction of gallery forest stands, depo- 
cition of new sand bars, and natural revegetation of these 
exposed, sunny areas by willows. 

4, Agricultural L z l d s  

?:uch of the area adjacent to Boulder Creek is currently used 
Ior agricultural purposes. The moister conditions on the 
floodplain allow for nore luxuriant glant growth and a greater 
mazing pressure by domestic livestocic. The cottonwooa 
t r ees  along the streas provide shelter in the winter znd 
chzde in the s u e r  and for these reasons as well as the 
so-uce of flowing water, these floodplain areas are usad 
cxtcnsively. In m a y  places where the 2astures are adjacent 
to the creek, cor?s?;derable trmpiing and deterioration of 
the streamside vegetation is evident. 

5 Channelized Areas 

Poulder  Creek has been channelized over much of its length 
from the Boulder city linits to its confluence with St. 
train Creek. Only a f e w  places re~ain where the naturri 
Zcmder pattern of the stream can be seen. Piles of gzavel 
from the straightened and newly-produced stream bed re- 
vegetate slovlly, a d  those species which are able to become 
established on these harsh sites are mostly weeds. 



D. CRITICAL ENVIROT2CEZTBL AFEAS ALOMG BOULDER CREEK 

po~ulation gro~rth ad developnent in Boulder and its out- 
lying areas have greatly modified the natural co~~aunities 
which existed prior to settlement, but there are a few 
aweas alosg Boulder Cree2 that rezain somewinat similar 
t o  their original, nztural conditions. These sites may 
have been noaifieu by grazixg, tree cutting, or strearn 
channelization, but they still serve as ia~ortant habitats. 
Through proper care a d  aozreness, these 21x3s could con- 
tinue to Pmction as natural refugia, and wi th  pro9er 
supervision they could be im~roved in their capabilities 
for supporting a diverse a d -  interesting flora and Yauna. 

t 
I As part ol this study, four critical enviromental areas 
I 

i along Boulder Creek have been identified (Pigs. 2, 3 ,  and 4). 
These sites, which are currently recognized as interesting 

i natural areas by many 9eopi.e in Boulder, are briefly 
described below. i 

Cottonwood Grove 

One of the last large groves of cotton~~ood trees zlor_,a 
Boulder Creel: is located a~prcxinately one xile ezst of 
tom, just west of 55th Street (3'ig. 2). The grove covers 
about 30 acres ad is coslposed of very large co~ton:.~ooJ 
trees, soze greater tha six feet in dizmeter. Zven though 
it has been grazed for mag years, tnere is a fairly well- 
develoced shrub hyer in the understory. This grove 
provides some of the  only habitat in the vicinity fcr 
several iriip~rt~t wildlife szecies Inclucing beaver, 
red fox, several s3ecies of h27::ics a d  owls,' and occasionally 
mule 'deer ad p h e z s a t s .  Raccoons, muslrrats, dippers, 
snipe, kingfishers, ma many species of waterfowl and 
shorebirds can be seen along tine creek as it winds through 
tine grove. 

2. Sawhill  Ponds 

The Szvhill ponds, located about three miles northeast of 
Boulder (pig, 2),:.rere forned as a result of sslnd and gravel 
mining operations. Although the area has been disturbed, 
there are a~proxiaately 40 ecres of cotton-~iood trees 
along a one-mile portion of the creek. These cottonwoods, 
and the aajacenr; ponds and cattail narshes, provide a 
Variety of im~ortant wildlife habitats. The whole area 
covers about 250 acres and has the potential for manage- 
ment as a nclti3le-use recreztional area, The ponds could 
be utilized as h fishery, while the forested areas could 
bc uszd for observin<? wildlife and hikin;. A s  f o s s i l  
f u e l s  bccor~e more scarce, it becon.cs incrc~singly i!nportant 
that natural recreational areas oe estaolisned I n  close 









.-...xi ::.it~ to cities and towns so that local residents can 
, ,  natural outdcor experience without traveling great . .  
, . .. . Lqces from their homes. . . . .' . 

,.rroximately four miles northeast of Boulder there is an 
;nrop of limestone which form an in-pressive bluff along - d ." 

. - ,  ... I north side of 3oulder Creek, which is :mown locally as :'mite 

. . . -2::s (Fig.  3 ) .  The bluff i s  very scenic and contrasts 
,::, the surroundixg f a r ~ l ~ e s  a d  floodplain. ;:any rare 

. - ,I  interesting ?lat a d  animal s2ecies which o c c u  
.....I 

bithin this restricted area add to i t s  esthetic and sci- 
,.;:if.i-c cheracter (Stoecker 1972; Adam 1372). 

4 .  Heron R001:ery 

:he heron rookery is located a?proxinaCely seven iniles 
\ r.ortheast of tokm ( ~ i g .  4) , (j~st east of 95th St. 1 .  The nost 

!:,portant natural i'eazure about this site i s  the cotton- 
~ o o d  grove (about 25 acres) vlnich is utilized as a nesting 
site, or rookery, by a large colony of great blue herons. 
Although the stream in this area has been chzmelized, 
md the understory 02 the cotto~~rood grove has been heavily 
crazed, the zrea provides ingortant habitat for the herons 
as well as other wildlife species. 



E, WATER QUALITY AND LI1S;NOLOGY 

Approximately 10 field days were devoted to sampling the 
stream in order to better characterize tlie existing con- 
ditions. Five sampling sites were chosen (~igs. 2, 3, and 
andat each location water cheoistry, benthic (bottom dwel 
invertebrates, and fish were sampled. The following dis- 
cussion is based on these results. Tabular data and . 
methods utilized are presented in the appendix section. 

The most natural, or physically umodified, sections of 
the stream which were studi'ed are in the cottonlrood grove 
(Fig. 2) and near White Rocks (Fig. 3). In the cotton- 
wood grove,the pool to riffle ratio is approxinately 
1 to 1. There are deep holes, undercut banks, and stream 
sections covered by overhanging vegetatior,. Channel 
substrate consists o; gravei 2nd rocks with some siltation 
in the pools. Normal meandering of the stream maintains 
the pools and undercut banks with trees, shrubs and other 
bank vegetation preventing excessive erosion, 

Boulder Creek near the White Rocks provides a good phys 
habitat for fish, but few if any fish occur becadse of 
pollution levels. The pool to riffle ratio is about 
1 to 1, and the pools are deep enough to provide suffic 
shelter for fish during low water. Jlost of this area 
is isolated from pasture land and as a result undercut 
bznks are naaerous. Dams and weirs along the stream 
create deep pools in some areas, 

ical 

ient 

Much of the rernzinder of Boulder Creek, from the cotton- 
wood grove to its confluence with St. Vrain Creek, is 
disturbed by gravel aining, channelization, and livestock. 
Soine pools exist, but they are few in number. Lack of 
streamside vegetation and destruction of banks by livestock 
prohibits the formation of undercut banks and cover for 
fish, and increases siltation. 

The wzter quality of Boulder Creek, as indicated by the 
data collected at each of the five sampling sites (~ppendix 
Table 2), is due mainly to the effluents released from 
t h e  two sewage treatment plants. Temperature increases 
in a mountain stream as it flows out onto the plains, 
but  sevage effluents also elevate temperatures. Temp- 
erature differences of 2 and 3 degrees centigrade on two 
sampling days were recorded at sites 100 meters apart 
that were located above and below the P e a r l  Street sewage 
outfrll (sites 1 and 2, Pig. 2). Only a one-half degree 
dii'icrcnce was rccordea on t h e  third sa;npl i i~g day because 
of increlsed strcaa f low due to spring run-off and becnuse 
of rcduced discharge froin the sewage tre3to:ect plant. 
Turbidity and total hardness tend normally to increase 



uownstrearn, but rapid increases in both also occurred 
below each sewage outfall. As with the temperature data, - 
the increased stream flow and reauced discharge minimized 
the effect of sewage effluent on the third sampling day. 
The increased nutrient salts (~hos~hates, nitrates, and 
nitrites) that were measured below the outfalls encourage 
algal and bacterial growth. This is evident in many 
sections of Boulder Creek. Oxidation of the accumulating. 
organic matter increases the biological oxygen demand 
(BOD, the oxygen necessary for oxidative decoirposition by 
microorganisins), which is aggrevated when water levels 
drop, and dissolved oxygen at times must drop to very 
low levels. Xeasurable concentrations of chlorine were 
found only in the water irmediately below the Pearl Street 
sewage outfall. 

The benthic invertebrate fauna above the Pearl Street 
outfall is representative of those nornally found in Front 
Range streams that have not been severely modified (~ppendix 
Table 1). Several g~oups of nayfiies, stoneflies, and 
caddisflies are gresent which together constitute important 
sources of food for trout and other orgmisns. The diversity 
of invertebrate organisms is much greater abcve the Pearl 
Street outfall than below (~opendix Tables 1 and 2) and is 
indicative not only of higher water quality but of superior 
physical characteristics of bottom substrate as well. 

Enen pollution.becomes severe the effects on most invert- 
ebrztes are so marked that large tzxononic groups, rather 
than species, are involved. Such is the case below the 
Pearl Street outfall. Appearance of large numbers of 
moth flies, accoxpanied by the disappearance of several 
major invertebrate grougs, is the result of pollution 
(~p~endix Table 1). Tile existence of a few nayflies and 
caddisflies in this area is due to drift from upstream. 

When concentrations of organic matter are high enough to 
prodv-ce total de-oxygenation, few stream animals 
survivz. i.10th fly larvae are air breathers and they over- 
come the problenis of such conditions by breathing through 
air tubes at the tips of their abdomens In addition to 
a stream existence, noth flies have i'ound suitable con- 
ditions in man-made habitats such as setrage filters. 
The existence of these flies, combined with the virtual 
absence of other organisms,indicates that at times dis- 
solved oxygen drops very low. Sewage fungus below outfalls, 
in addition to the low dissolved oxygen concentrations, 
combine to eliminate inmy strean invertebrates. Sewage 
fungt1.s on rocks inhibits the functioning of mayfly hold-fast 
mechanisns, and also forms a coating on the animals and 
severely impairs normal respiration. 

About four miles downstream form the Pearl Street outfall 
(site 3 1  Pig. 2 ) ,  the stream has undergone sollie self-, 



purification. Sludge~orms are the Gominant invertebrate 
group accompanied by midge larvae,-fresh water shrimp, 
and aquatic sow bugs (~ppendix Table I ) ,  but heavy detritus, 
siltation, and sewage fungus persist. Near the White 
Rocks (site 4, Fig. 3), which is about four miles below 
the 75th Street sewage outfall, the creek is at about the 
same stage of self-purification. The predominant inverte- 
brates are sludgewor~s and miages (Agpendix Table 1). 
The existence of beetle larvae and leeches indicates that' 
year-round oxygen conditions have improved. 

The general recovery of the stream has progressed at the 
final sanpling site (site 5, Fig. 4), which is approxi- 
mately 4 miles belo7.i the 75th Street sewage outfall, to 
the extent that the fresh w~ter shriap is becoming a 
do~~nant group (A~pendix Table 1). -The presence of mayflies' 
at this site is also indicative of improved conditions. 
The quality of the stream at this point, however, is still 
inferior to the first sam9ling location in the cottonwood 
grove. This is due to only partial recovery from sewage 
pollution, and an indrease of sediment yields and agri- 
cultural wastes. 

- 
Fish are more susceptible to the combined polluting effects 
of sexage effluents and agricultural wastes than are inver- 
tebrates, an6 consequently they are often eliminated over 
loxger 2istaces. This was borne out by sar,plin& data 
which snowed that all fish species were eliminated f r ~ 3  
the stream below the Pearl Street outfall and were only 
encountered in low nwibers at the sam~ling site located 
f~rth?st do~~nstrean (Appendix Table 3). The absence of 
fish at the other three sites is due not only to toxic levels 
of pgllutants, but also to alteration of the physical 
chzrgcteristics of the stream and decreased food su2plies. 

Nitrites, chlorine, and ammonia are three major fish poisons 
consionly fomd in sewage effluents. Levels of nitrite and 
a-mionia required to kill fish are not lmokm because these 
poiscns act slowly and synergistically with low oxygen 
tension,increzsing texperatxre and water hardness. Chlorine, 
on the other hand, zcts rapidly qnd is lethal at very low 
concentrations. Toxins in sewzge effluents not only elim- 
imate fish frog dovmstrcan sections, but also act as a 
barrier to fish movement. Periodic decreases in dissolved 
oxygen and increases in free carbon dioxide eliminate fish 
by killing them or causing then to move from contaminated 
areas of the stream. Also, an increase in free carbon 
dioxi d c  will increase rrietabolic dcrcand for oxygen which 
may be in excess of the normal levels of dissolved oxygen 
present in the water. 



In the science of ecology the term ttecosystenN is used to 
describe a functional environ~ental unit composed of plants, 
animals, and non-living components. Implicit in the defin- 
ition are interactions among the organisms and the environ- 
ment including such processes as nutrient cycling, energy 
flow, and feeding interaction exern~lified by predation . 
within food-webs. An ecosystem, therefore, is =ore than 
an arbitrzrily selecteci lanasca~e unit. Boulder Creek, including 
the streamside vegetation and the variety of animal species 
(~ig. 5 ) ,  is a good example of an ecosystem, especially since 
its bovadaries are well-defined by the abru>t transition between 
the dense vegetztion adjacent to the stream an2 the surrounding 
relatively dry agricultural lands. The aistinctness and 
integrity of this ecosystem, however, has been obscured, even - 

obliterated in places, by cna-nnelization (Fig. 8). 

Some of the plants and animals found along Boulder Creek 
are nore restricted $0 this ecosysten than are others. 
Fishes and many aquatic invertebrates com?lete their life 
cycles within the strea itself, while others have aquatic 
larvcil foras vfnich nature in the strean, but disperse 
widely as adults. Other animals such as waterfowl. fox. 

The species df fish a ~ d  wildlife which presently occur 
along Boulder Creek and are of general public interest are 
discussed below. The purpose of this discussion is to 
briefly considcr important ecological requirements, and the 
potential of these posulations to increase in number given 
ixproved water quality. 

and mule deer utilize the stream, but are not depeidentson 
it. 

The number of interactions possible in even the simplist 
ecosysten is enornous, but it is possible to gain consider- 
able insight into the way in which an ecosystem functions 
by singling out the Eore importznt relationships. This 
has been done in the following food-web diagran (~ig. 6). 
The infomation portrayed here is a necessary starting 
pcint for identii'ying those com?onents likely to be affected 
by modification of the enviroment. 

The physical and chemical characteristics of Boulder Creek, 
including not oxly the condition of the water but the 
stream charnel and the strez~nside substrate, form a base 
on which all biotic coqonen-ts of the ecosystem rest. This 
cznriot be over-eqhasized, since the value of Boulder 
Creek as an esthetic resource--including its potential for I I 

scenic attractiveness, its ~otential for general recreation, \ 

for fishing, for wildlife observation--de~ends on the 
integrity, complexity, and interrelationships of the aquatic 
and terrestrial components of one fuctional system. 





Scavengers (turkey vulture, magpie, crow) 
Decomposers (fun~i, bacteria) 

Carnivorous Carnivorous 
terrestrial 

invertebrates 

fIerbivorous Herbivorous 
terrestrial 
invertebrates 

Stream plants and 
Ponds and Marshes Forests and Shrublands 

Physical and chemical characteristics of 
Boulder Creelc and s.l;reanside substrate 

Figure 6. Major pathways of energy and nutrient flow through the Boulder Creek ecosystem. 



4 .  Fish - 
Rainbow and Bro~m Trout. Boulder Creek presently has 
p~~ulations oi large-sized trout, not only zbove Boulder 
where the stream comes down out of the mountains, but 
though town, and for some distance out onto the plains. 
One of the more productive sections of the Boulder Creek 
ecosy~tcm is within the cotton.,~ood grove near 55th Street 
( ~ i g .  7). Rainbow and brown trout occur here owing to 
the quality of the habitat, Pools below shallow riffles 
and undercut b u s  ~roviae cover. Cottonk~ood trees on the 
streambank shade the wster and together with overhanging 
grzsses and forbs keep the water cool. Additionally, the 
water is quite clear, which is important to the predaceous 
trout that depend on visi,on to ca2twe insect larvae and 
smaller fish. Trout habitat suddenly stons at the outfall 
of the Pearl Street seviage plant. Both the rainbox and 
the brown trout are virtually non-existant below this point. 

' 

Kot only do toxic ?ollution levels exist, but normal 
upstrem-0o-~~mstream movenents are inhibited a d  sewage 
fungus prevents repyoduction by elininating suitable 
nesting areas. Severe chzmeiization abruptly nodifies 
the physical characters of tle stream irnediately below 
the Pearl Street outfall (~igs. 7 and 8 ) ana continues for 
several miles. Tree cutting a d  grazing by cattle near the 
stream increases, and the esthetic quality of the strean 
and its capacity to r'unctian as a viable ecosysten firindies. 
H e a l t i y  stands of streaxside vegetation and sections of 
s-t;re=i that have partially recovered frorn sewage effluent 
and agricnltural poliution occur as isolated points clang 
the streaa. i~proveaent in water quality, tosather with 
rehabilitation of the stre- channel and strearcside veg- 
etation, would obviously improve existing trout populations. 

2. . Birds 

Great Blue Herons. The great blue heron is one of the 
largest of iiortn Azerica birds. It is a colonial species 
vith rookeries located in several areas near Boulder. The 
birds typically utilize cottonwood groves, and approximately 
a hundred o r  rxore perenially nest in the sane location. 
One such rookery occurs aloag Bohlder Creek east of 95th 
Street. During spring, adult herons can be seen conspic- 
nvusly perched near nests built in the tops of the largest 
.L brees. These birds feed mainly on fish, nost of which 
they oStain from reservoirs, ~onds, and irrigation ditches. 
Because of pollution a d  channelization, Boulder Creek 
has fev: fish near the roolrery, but the herons occasionally 
hunt in these portions of the stream vrnere they take insects, 
snakes, and even small mmaals living in the stremside 
vegetation. The continued existence of the great blue 
heron in the Boulder 2rca is sor,?ewnat outs tionable, but it 
seems not to hinge so much on aquatic Zood chzilrs (in Eo~lder 
Crcelr or in nczrby aquatic habitat) as it does on M a n  
encroachment on the  few remaining nesting areas. 



- .  

Figure 7 .  The cottonwood grove. This i s  one of the 
most b i o l o g i c a l l y  d ive r s e  a r e a s  along 
Bou lde r  Creek. 



i 

i ~igure 8. Channelization, pollution, wide fluctuations 
I in strean flow, and tree cutting work in 

concert to the general detriment of the , 
Boulder Creek ecosystem. Photograph taken 
just 50 yards from the location where Figure 
7 was photographed. 



P-Lfrd. Yilcfishcrc. Xingfizkcr; aye CSELT~~TA along the more 
bioiogically proouctive portions of Boulder Creek. They 
are a more specialized feeder than the great blue heron 
and reed almost entirely on fish. Also, they are behaviorally 
more tolerant of h~man disturbances a d  consequently occur 
regularly in town. They are an interesting bird which 
would likely increase in number if aquatic food chains 
became more productive through improved water quality. 

Dippers. The dipper is a familiar bird along Boulder Creek 
and is common even in town. It feeds largely on aquatic 
insect larvae that inhabit well-oxygenated water flowing 
over clean, roc-ky substrates. The habitat of the dipper 
abruptly ends at the outfall of the Pearl Street sewage 
treatment plant since drastic degradation in habitat quality 
occurs at this point. 

1~aterfol.rl. The Canada goose and many species of ducks -- 
occ-u in the Boulder area, especially during spring and 
fall migrations. They are attracted to the reservoirs, 
ponds, and to Boulder Creek, all of which ~rovide both 
food a d  protection dwing incle~ent wezther. The foods 
of most ducks vary seasonally, with plant foods being more 
important during fall and winter and aquatic invertebrates 
becorcing more im~ortant during spricg and smer. Open 
water is an irport~nt component of the habitat of ducks, 
as well as geese,znd the construction of reservoirs has 
undoubtedly increased the total carrying capacity in this 
region. Cvlada gezse are very coA'iLTon in the 3oulder area 
because of construction of nest boxes which have been effect- 
tively ia~lelented as a ~anagenent progrm for increasing 
the nmber of nesting biris. Inprovec water quality in 
Eoulder Creek would likely result in nore aucks geese 
utilizing the strea, esgecially if streaisiae vegetation 
were also izsroved. The carrying cz?acity for waterfowl 
in the Boulder area, however, would not be significantly 
increased. 

Shorebirds. The comon snipe, spotted sandpi?er, American 
uocet, a:ld nmerous other attractive shorebirds occur in 
the 30-dder area (Appendix Table 4), but most of them 
are only marginally dependent on the Boulder Creek ecosystem. 
The nain foods of these biras are invertebrates which live 
in the mud adjacent to the water's edge: insect larvae, 
arineiids, crustaceans, and nollusks. Such organisms depend 
on organic detritus, and certain forms thrive in polluted 
waters. Desticide residues and neavy metals are frequently 
concectrated along this food chain, and sometines reach 
lethal concentrations at the higher trophic levels. 

Sonyblrds. The diversity of songbirds along Boulder Creek 
is very iqressive (kr,-,ezdi:c Table i;), wi~icn is ciuc to 
sc:vc~~l wlrclated ccclcl~ical Zzctors. Streaxside habitats, 
~zrticularly in dry clinates, sttract songbirds because of 



shelter, nest sj-tes, and abundant food sources, rtountain 
species, as well as birds more common to the eastern deciduous 
forest, frequently over la^ in the Boulder a?ea because of 
the habitat created by the gallery forests. Also, the 
north-south migration routes in this region tend to be 
compressed against the foothills, and nany birds briefly 
stop over because of the habitat around stream and reservoirs, 
and because of the trees and shrubs growing in the residential 
sections of town. Water quality improvement in Boulder 
Creek would have insignificant affects on most song bird 
species; however, those species closely tied to aquatic 
food chains (e.,g., svrallows) would likely be more numerous 
along certain portions of the stream. 

fIa.v?ks and O v ~ l s .  The Coopert s and sharp-shirned hawks nest 
along Boulaer Creek and hmt for small birds and rodents 
in the dense growths of trees. Some of the larger soaring 
hawks comonljr perch in the taller trees alon5 the creek, 
but generally hunt in the open agricultural flelds. Both 
tne great horned owl znd barn owl nest at White Rocks. In 
this area, the great.horned owl hunts along the edges of 
the bluffs and shruS thickets; vilereas the barn owl tends 
to hunt in the more oDen meadows and irrigated fields. 
Owl castings collected at 'Knite Rocks (~toecker 1972) 
have indicated tnat some of the nore inportant foods of 
the great homed owl include cottontail rabbits, nuskats, 
songbirds, and terrestrial-i~sects. Comon foods of the 
barn owl include xceadotr voles, pocket mice, 2nd other ' 

small aximals. These prey sgecies, which are basically 
the saqe for nost ha:~ks in the area, 2re little zffected 
by water quality, end, consequently, raptorial birds in 
the Soulder vicinity should not be importantly affected 
by changes in existing sewage treatment. 

Beaver. The beziver is a rather rare species in the Boulder 
area, and only a few individuals zre 1mo1.m to occur in 
Boulder Creek. They have been observed in tovm as recently 
as 1971, but current signtings have been limited to several 
individuzls near I;%ite Rocks. Their continued e::istence 
is precarious since they are dependent on young deciduous . 
trees growing near a constant su~ply of open water. 
Observations along i3oulder Creek indicate they are be- 
haviorally tolcrznt of highly polluted water, but to what 
extent they are physiologically tolerant of long-range 
affects is not known. 

Flus!.:rat and Raccoon. The muslcrat and raccoon are more 
generalized in their habitat requirements thzn the beaver. 
Tney fare w e l l  in m2rzy diffbrent aquatic hzbitats including 
irrigation ditches, gravel poiids, 2nd even in lii,~hly 
polluted water running through channelized sections of 



Boulder Creek, Because of their wide tolerance levels, 
the future of both the niuskrat and-raccoon seems not to 
be in jeopardy. 

Red Po::, Coyote ,  Tac??er. Although they are not very 
nwnerous, these animals are of interest to many peogle. 
The red fox constructs dens in sheltered areas along 
Boulder Creek and hunts in adjacent pastures, cultivated 
fields, and alon~ the creek b3nl:s. Observations of active 
dens have sho?;.n thzt some of t5e major food itens in the 
Boulder area include zuskrats, ducks, fox squirrels, - 
Norway rats, and smaller birds and nsx~ials. Coyotes and 
badgers are occasionally seen near the heron rookery, but 
they are shy 2nd inconspicuous. Both of these s3ecies are 
riiore zda>ted to the drier, u~land habitats, although they 
sometincs occur near 3oulcier Creek east of to\,n especially 
where ground squirrels! prairie dogs, and other rodents 
are abundmt. Po>ulatlons of red fox, coyote, and badger 
should be little affected by chmges in water quality. 

Fule Deer. PIule deer are occasionally found along Boulder 
Cree!: east of totm. They sonetines stay for brief periods 
in the cottowood grove near.55th Street, but nore often 
they are seen along Zoulder Creek at the western edge of 
tovm close to the foothills. The frequency of their 
occurrence dong Bouleer Creek is strongly influenced by 
the existence of trees and shrubby vegetation which provides 
cover ~rotection frox harzssment by dogs a d  the 
genezal aisturbanczs causec by people. Their occurrence 
k i ~ u l d  not be influenced by chaages in water qua1i-f;~. 



G. CONCLUSION AND SUPIIJIIARY 

A general description of the present and past character- 
istic~ of the Boulder Creek ecosystea has been presented 
in order that scecific sewage treatment alternatives can 
be Considered in the following section within an appropriate 
enviromental context. 

The dynamics of the Boulder Creek ecosystem have been 
described to the extent possible with the data that are 
available. Existing limnology and vizter quality data were 
limited a d ,  therefore, additional field data were gathered 
for the pur?oses of this study. The vegetation along 
Boulder Creek in the area of concern has not been studied 
in d e t a i l ,  but the existing literature znd  limited field 
observation allowed a general  description of existing 
conditions. Data on rna';z~ials birds were obtained from 
origin21 field work conducted over the ~ a s t  several years, 
and Trom students and nature e~thusiasts livi~g in Boulder. 
These data are presented as appendices and re?resent the 
nost com9rehensive lists of maiials and birds available for 
Boulder Creek. 

The value of Boulder Creek as an esthetic resource is 
icextricably mixed with four major factors that work in 
concert to the generrl detriraent of the ecosysten: polluted 
water, vide fluctuations in stream flow, tree cutting, and 
chm~elization. Those organism negatively affected by such 
distwbances include virtually 211 fish and wildlife species 
of general interest--notably trout, waterfowl, great blue 
herons, songbirds, hatvlcs, owls, beaver, red fox, and mule 
Ceer. 
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Methods Utilized in the Aauatic Study 

APPENDIX 

?later c h e ~ i s t r y .  'dater samples were collected at four- 
dzy intervals at ezch sav~ling site a d  determinations 
were made of dissolves oxygen, chlorine, ~hosghate, nitrate, 
nitrite, turbidity, tengerzture, hardness, total dissolved 
sclids, and tot21 suspenaed solids. Dissolved oxygen was 
determined using the standard modified Winkler technique. 
Totzl dissolved solids were determined by co~2letely drying 
a sample or" water anci weighing tne rexains. Total suspended 
solids were deter~ined by filtering a sample of water 
through a nicro~ore filter and weighing the filter before 
a d  after. All otner satpling was done with the Iiach 
Direct Reading Engineer's Labcratory kit (Each Chemical 
CO. Ames, Iowa). 

Benthic invertebrztes. Invertebrates were collected at 
each study si-ie by neans of a 0.1 ti2 Surber saii~ier using 
standard proced7ues. All organism were identified, counted 
and weighed. Density was expressed as nmbers of individ- 
uals per square meter of bottom area. Biomass was expressed 
as grams per square meter. 

Fish. At each study site a 100-yard section of what was - 
judged to be the best fish habitat was selected. Fish 
were collected by means of 2 portable baceack electro- 
fishing unit, After identification and counting all fish 
were returned to the. stream.unharmed. 



APPENDIX TABLIS' 1. Benthic invertebrates of Boulder Creek. 
I 

I 
i Sites 1 2 3 

Mayflies Enhemeroptera 
Ephernerclla sp.  I 

Bactis GP. -- 
Ithj.ti?ro yena  sp.  

s t o n e f l i e s  Plecoptera 
Isoncrla s p .  
P 1; eroc.:arcel.la sp.  -- 
Acroncuri .a  sp .  

Caddisflies Trichoptera 
w l r o n s y c h e  sp. 
L ~ ~ c . c ~ ? ; J c  c1-~.tr'u.s s p .  -- 
LcrtiCiostoii~a s t ~ .  

D i p t e ~ a  
i,;id~cs Tendiped idae 690 0.307 270 0.590 145 0,175 365 0.765 
Snipe flies ALherix sp. 17 0.343 
1:;oth flies Psychodidae 257 0,423 
Crane f l i e s  T i p u l a  sp .  5 8.120 

Freshwater shrimp Amphipoda 
Hyalella azteca 3 0.020 - 

* ~ / m ~  = number per meter square; g/m2 = grams per meter square. 



APPENDIX TABLE 1. (continued) 

Sites -. 1 2 3 4 5 

Beetles Coleoptera 
Stenelmis sp. larvae) 

{adult) .. 
Elmidae (larvae) 

I .  

Annelida 
Sludgeworms Tubificidae 

Sowbugs Isopoda" 
Asellus nlilitaris 

Leeches Hirudinea 
Helobdella ne~heloidea 

TOTAL 



APPENDIX TABLE 2. Water quality determinations of Boulder 
Creek. 

Sites 1 2 3 4 5 

Temp. C* 11.5 
Turbidity (JTU)* 18 
Eardness (ppm) 85 

Po4 (ppd 0.05 
NO2 (PP~) 0 

NO3 (ppm) - 0 
C1 ( P P ~  - 

Sample. 1 (~pril 

Sample 2 (April 27) 

Temp. c0 6.75 9.5 9.5 10.0 12.5 

Turbidity (JTU) 0 7 5 10 38 
B a d n e s s  (ppn) 50 75 80 100 100 

Po4 ( P D ~ )  0.045 1.70 1.25 1.30 0.17 
No2 (ppd 0.005 0.020 0,026 0.037 0.045 

1i0g ( P P ~  0.13 0.12 0.18 0.22 0.045 

C1 ( p p d  - 0.325 - - ... 
;r I 

-. 4 

. Sample 3 (Nay 4) 

Temp. CO 9.0 9.5 14.5 14.5 
Turbidity (JTU) 0 0 10 15 
Hardness (ppm) 35 .40 110 120 

Po4 (PP~) 0.05 0.6 1.0 3.2 
NOp ( P P ~  0.005 0.005 0.01 0.52 
NO3 (ppd ,. 0.03 0.12 0.16 0.52 

C1 ( P P ~  0 0.05 - - 

* JTU = Jackson Turbidity Units, 

-30- 



APPENDIX TABLE 3. Pish of Bou lde r  Creek. 

Sites 1 , ,  2 3 4 5 

Fish species  - N* - N - N - . N - N 

Rainbow t r o u t  6 0 0 0 0 

Brown t r o u t  1 0 0 0 0 
I 

36 ' 0 0 0 1 l h i t e  sucker 

Longnose dace 15 0 0 0 0 

Northern creek 
chub 3 .O . . 0 0 0 

- - 
Dla.ins s a d  
shiner  0 0 '  0 0 .I . ,. - - - - - 
Total  61 0 0 0 2 

* EJ = numbers of f i s h  taken. . - 

F 
t 
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APPENDIX TABLE 4. 

List of birds found alone Boulder Creek between the cottonwood 
grcve (55th st.) and the Heron Rookery (near 95th st.). Birds 
identified west of the cottonv~ood grove (fron the C&S tressel 
to Eban Fine park) are follotved by the notation "in tokm". 
Nomenclature follows Robbins & &. ( 1966). which should be 
consulted if scientific names are desired. 

Common names Remarks 

Western grebe 
Eorned grebe 
Eared grebe 
Pied-billed grebe 

W~TERF07,iE--Anserif ormes 

Canada goose 
- 

1;Iall ar d 
P i n t a i l  
Gadwall 
herican widgeon 
Shoveler 
Blue-winged teal 
Cinnanon t e a l  
Green-winged teal 
Wood duck 
Redhead 
Ring-necked duck 
Greater scaup 
Lesser scaup 
Cornon goldeneye -I. 
Suf flehead 
3uddy duck 
Cornmon merganser - 4 

Txrkey vulture 
Cooper1 s h&ik 
Sharp-shinned hawk 
Plzirsh hawk 
Rough-legged hawk 
Perruginous ,hawk 
Red-tailed hawk 
Swainson' s hawk 
Golden eagle 
Osprey 
Prairie falcon 
Pigcon hawk 
Sparrow hawk 

occasional 
BWS* 
BWS 
BWS 

BWS; occasional 

BWS ; occasional 

Lite 1970 

Lite 1970 
BWS 

Idhitmore 1972 
Whitmore 1972 

Lite 1370 
Lite 1970 

BWS 

BWS 
BIiS ; occasional 

BlJS 
EWS 

abttndmt 
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APPENGIX TABLE 4. (continued) 

CQPTJIOII n.arnes Remarks 
i 

i 
Long-eared owl 
Short-eared owl 
Barn owl 
Burrowing owl 

t NIGHTKkbrG--Caprimulqif o m s  
Conmon nighthawk 

3 
1 SIIIFTS , HUT~!D~II~~GBSRDS--ADO di f oxme s 

Broad-tailed hummingbird 
i ' 
! ' KINGFISHERS-Coraciif omes 

! i Belted kingfisher common 
r !  
+ WOODPECKERS--Picifomes 

Red-shafted flicker ' common , 
Red-headed woodpecker occasional 
Lewis' woodpecker BWS 

r Yellov+bellied sapsucker B'dS 
'6 

- 
Hairy woodpecker 
Domy woodpecker Kurray . I972 

PERCKIBG BIRDS--Passeriformes 

Flycatchers: Tyrannidae 
Eastera ki~gbird 

i 
., . Western kingbird 

Say's  hoeb be 
l D1.1sky flycatcher 

Western wood pewee 
Larks: Alaudidae .. 

Horned lark 
Swallows: Hirundinidae 

Barn swallow 
Cliff swallow 
Violet-green sl.rallow 
Tree sv~allgw 
Bank swallow 
Rough-winged swallow 

Jays : Corvidae 
Steller's jay 
Black-billed magpie 
Comnon crow 

Chickadees: Paridae 
Elaclc-capped chicl:adce 0 !*Iocntain chickadee 

BtJS 
Ifhitmore 1972 

BWS 
Murray 1972; in town 

BWS 
\ 

1, 
BIB i 

in town 
abundant 
common 

L i t e  '1970 



AP~ETJDIX T A B U  4 ( cont inued)  

Commor~ names Remarks 

Dippers: C inc l idae  
Dipper 

Nuthatches: S i t t i d a e  
White-breased nu tha tch  BWS 

Creepers:  C e r t h i i d a e  
Brown c reeper  

Wrens : Troglodyt idae 
House wren 
Long-billed marsh men 

Thrashers  : i\.:imidae 
Mockingbird 1972; occas iona l  Whitmore 
Ca tb i rd  

Thrushes, Bluebirds:  Turdidae 
Robin common 
Totmsend s s o l i t a i r e  
Hermit thrush 
Swzicson s t h r u s h  
Western b l u e b i r d  

Whitmore 1972 
I h r r a y  1972 

Gnatcatchers:  S y l v i i d a e  
R~by-crol~med k i n g l e t  

Fipits : 37otzc i l l idae  
Water p i p i t  

o c c a s i o n a l  
o c c a s i o n a l  

- 
Cedar wzw.ding 

Shr ikes :  Lani idae  
Northern s h r i k e  

S t a r l i n g s :  S tu rn idae  
S t a r l i n g  abundant 

Vireos:  Vireonidae d. 

Red-eyed v i r e o  
warbling v i r e o  BWS 

Vood warb le r s  : Parulidae 
Terrnessee warbler  BWS 
Orange-crovcned warb le r  
Nashv i l l e  warb le r  
Virginia'  s warb le r  
K y r t l e  warb le r  
-4udubonts warb le r  
S lack- throa ted  green  warb le r  
Black-throated b lue  warb le r  
Black-throated. g rzy  warbler 
3 lac l ;po l l '  warbler  

BWS 
3311s 

in town . 
in town 

B1dS ; o c c a s i o n a l  
BWS 

Whitmore 1972; i n  town 
B'dS; o c c a s i o n a l  



AYPEIIDIX TABLE 4 ( cont inued)  

Common names Remarks 
; a - 

Ovenbird 
Northern wa te r th rush  
Yellowthroat  
Yellotr-breasted c h a t  
M a c g i l l i v r a y ' s  warb le r  
Hooded warb le r  
!>?ilsont s warb le r  
American redstart 

BWS 
BWS 

BWS 
Murray 1972; i n  t o m  

BWS; o c c a s i o n a l  
BIG. 
BtlS 

Weaver f i n c h e s :  P loce idae  
House sparrow 

Blackb i rds ,  Or io les :  I c t e r i d a e  
l i e s t e rn  meadowlark 
Yellow-headed b l a c k b i r d  
Red-winged b l a c k b i r d  
Brewer's b l a c k b i r d  
C o ~ ~ z x n  g r a c k l e  - 

Brown-headed cowbird 
Bul lock ' s  o r i o l e  

Tanagers: T h r a u ~ i d a e  
Western t a n a g e r  

F inches ,  Syarrctrs : P r i n * ~ i l l i d a e  - 
Rose-breasted grosbeak 
black-headed - gEosbeak 
-Evening grosbeak 
Blue grosbeak 
1ndig6 bun t ing  
L a z u l i  bun t ing  
C a s s i n ' s  f i n c h  
House f i n c h  
Pine s i s k i n  
American g o l d f i n c h  

4 

L e s s e r  go ld f inch  
Green-tai led towhee 
Savrm& s?arrow 
Grasshopper s2arrow 
B a i r d l s  sparrow 
Lark bunt ing  
Vesper sparrow 
Sla te-colored  junco 
Oregon junco 
Gray-headed junco 
Tree sparrow 
Chipping syarrow 
Clay-colored sparrow 
B r c v ~ t r  s sparrow 
II~. , r r i :  ' s sparrow 
?VLhitc-crowned s2arrow 

BWS ; o c c a s i o n a l  
i n  town 
i n  t own  

BWS; occas iona l  
BIpiS 

BWS 
Murray 1972 

i n  totm 
Murray 1972 

Whitnore 1972 
BWS; o c c a s i o n a l  
BWS ; o c c a s i o n a l  

Murray 1972; i n  to7m 
i n  tovm 

Murray 1972 
Whitmore 1972 

m i t m o r e  1972 
PIurray 1372 

BWS' 



APPENDIX TABLE 4 (continued) 

; 9 Cornon names Remarks 

Fox sparrow 
Lincolnls sparrow 
S o x  sparrow 

in town 
Witnore 1972 
Ih i tnore  1972 

* References relate to identifications by gersons other 
than the adtnor (R. ~toecker): 

BIJS (~oulder Wildlife survey). Unmblished lists. Harry 
Collom, Bederland Rt. ,  odder , Colorado. 

Lite, T. 1970. Birds. Unpublished report. Thorne 
Ecological Institute, 14 pp. 

Kwray, L. 1972. Unpublished report. R. Stoecker, 
Visit. A s s t .  Prof., Univ. of Colorado, Boulder. 

lhitmore. 3 , P I .  1972. Unpublished report. R. Stoeclcer, 
Visit. Asst. Prof., Univ. of Colorado, Boulder. 



List of mammals found along Boulder Creek between the 

1 '  cottonvrooci grove (near 55th St. ) and the Heron Rookery 
! (near 95th St. ) . Nomenclature follows Armstrong ( 1972). 

Common and scientific name 

Eastern cottontail Sylvila:cs floridanus 

Desert cottontail - S. audubonii 

Yellow-bellied marmot Marmota flaviventris 
L 

Thirteen-lined ground squirrel S~erm~nilus tridecemline~tus 
Rock squirrel 3. variegatus 
Black-tailed prairie dog Cmornys ludovicianus 

Fox squirrel Sciurus niger 

Plains pocket gopher Geomys bursarius 

Hispid pocket mouse Perognzthus hiwidus 
Beaver Castor canadensis 

d 

Western harvest mouse Reithrodontomys necalotis (?) 

Deer mouse Peromyscus naniculatus 
7 

Mexican woodrat Neotoma rexicana 
Meadow vole I.licrotus nennsylvanicus 
Prairie vole 1.1. - 0chro~;aster 

Muskrat Ondatra zibcthicus 

@ Hcuse mouse & musculus 
Nor;!ay rnt R a t t u s  n ~ r v e ~ ~ i c u s  



APPBIDIx TABLE 5 (continued) 

C~mmon and s c i e n t i f i c  name 

Coyote Canis l a t r a n s  
Red fox Vulpes vulpes 

Raccoon Procgon l o t o r  

Badger Tzxidea taxus 
S t r iped  skunk Y e ~ h i t i s  m e ~ h i t i s  

HOOFED ANIEiALS--Arti odac tyla 

a Nide  deer ~ d o c o i l e u s  heclionus 



S E C T I O N  I1 

E F P E C  T S  O F  IIQROVED SEWAGE TREATIJEEJT ON WILDLIFE, 

VEGETATION, AND AQUATIC ORGANISMS 



SECTION I1 

EFFECTS OF IPiPROVED SEWAGE TREATmNT ON WILDLIFE, 

VEGXTATIOM, AhB AQUATIC ORGANISMS 

Each of the various sewage treatment alternatives will 
affect wildlife to some extent. Some effects will be 
beneficial, others harmful, and species populations will 
respond in different ways. It cannot be anticipated at 
this point, however, that any wildlife population will be 
significantly affected either positively or negatively, 
except in localized areas. 

1, Land Ap~lication Alter~atives 

a. Alternatives T-I 2nd L-11. These alternatives can 
best be consiaered togetner since their affects on wildlife 
would be nearly the same. 

Xain -- *ditches. l(!odifications of the existing irrigation 
ditches in order to facilitate flow to the proposed ap- 
plication sites would negatively zffect the habitat of 
several wildlife s~ecies. These effects xould be greatest 
during the initial construction stages, and would be 
reduced as revegetation of adjacent disturbed surfaces 
proceeds. kninals comqon&y found in association with 
irrigation ditches in this area include waterfowl, shore- 
birds, muskrats, raccoons, cottontails, and several species 
of rodents. The extent to tinich these species utilize the 
existing ditches depends on the,amomt of weedy, shrubby 
vogetationradjacent to and overhanging the banks (a generally 
better habitat), and the amount and periodicity of flow 
(cottontails commonly utilize ditches when dry and during 
the winter; muskrats, raccoons, herons, and ducks depend 
mare on open water and aquatic organisms during spring, 
s u e r ,  and fall). Presumably the nodified ditches will 
have less overhanging ve~etation, and, therefore, would be 
less attractive to wlldllfe. The reauztion of wildlife to 
be expected, however, could be rnitigzt~d to some extent if 



tall grasses and/or shrubs were allowed to grow in close. 
to the ditches. Songbirds, ducks (~nr$icxlzrly ~ ~ ~ ; ~ ~ ~ ~ f ,  and otherwildlife would likely nest in these 

.areas and utilize plant and animal foods in and near the 
ditches. 

Certain animals in this region commonly burrow into ditch 
banks and occasionally cause maintenance problems. While 
these species are likely to be less abundant during the 
operational phase than they are presently, they are listed 
here merely to call attention to those specific organisms 
that pose potential problems because of burrowing habits. 
These species include muskrats, meadow voles, orairie voles, 
prairie dogs, rock squirrels, thirteen-lined ground squirrels, 
pocket gophers, badgers, marmots, and crzyfish. 

Eolding reservoirs. The construction of a new reservoir 
near the existing Panma reservoir adds 400 to 600 acres 
of additional open water for gart of the year depending on 
whether alternative L-I1 or L-I is used. In either case 
this adds habitat that trill attracf certain wildlife, 
particularly waterfowl. The beneficial affects to the 
local area, however, snould be minor. The fluctuating 
water levels of these reserv~irs will create a lower 
quality habitat than reservoirs with a more constant 
volume, and vegetational cover will be minimal. The 
designed secondary sewage effluent in the holding reservoirs, 
a d  ditches, snould not be harinful to the existing wildlife. 

The irriqated area. The large acreages of irrigated land 
112,000 A ior L-I; 5,000 A for L-11) will su3ply habitat 
to some songbirds and rodents, but changes in diversity 
2nd abundance cm30t be predicted with the informtion 
available. The additional waxer and more mesic vegetation, 
however, is likely to provide zttractive conditions to 
some species especially daring dry periods. 

Return o f  treated water to Boulder Creek. Any design 
which increases zile minimal iiow ~ i '  wa-ier in important 
wildlife areas woulc be generally beneficial to-wildlife; 
not only to aquatic species,like beaver and muskrat but 
to all species dependent on productive aquatic food chains: 
dippers, kingfishers, herons, 'waterfowl, shorebirds. Sorne 
of the most important wildlife arezs along Boulder Creek \ 

have already been described (section I) and include the \ 1 

cottonwood grove near 55th Street, Sak~hill Ponds, White 
Rocks, and the heron rookery east of 95th Street. Certain 
sections of 3oulder Creek through town provide high quality 
wildlife habitat as well. The abandonment of the water 
diversion at Broadway (L-I) improves habitat aownstream, 
but this im~rovement shocld not be weighted heavily in an 
analysis of other environmental and econo!nic concerns. 
The return of treated water by a non-point source below 
White Roc:ks (L-I) is of little significance to wildlife, 



5?2t t h e  rec-lting deczease i;, flcv past  'i,%iti. ~ ( O C ~ S  is a 
-small negative affect. A return of treated water above 
White Rocks (L-IS) would be snperior to a return below, 
nearer to Lower Boulder Ditch. Beaver and other attractive 
wildlife inhabit the ';kite Rocks area and could benefit 
directly by increased water volume and the consequent 
improvement in aquatic biota. 

b. Alternative L-111. 

The irrigated area. It is assumed that a lush, moist 
~eadow vegetation v~ill develop on the proposed 530 acre 
iofiltration recharge site. If this is true, it is likely 
that larger populations of shorebirds (e.g., snipe, 
sandpipers), meadow voles, and additional nesting habitat 
for certain waterfovil will result. 1,ieadow voles, if 
densities are increases appreciably, would provide a food 
source to raptorial birds, notably horned and barn owls 
which have traditonally nested in tne nearby White Rocks. 
Keadow voles are mall rodents that occasionally are 
agricultural pests, but undesirable consequences from 
locally increased popuiations are unlikely in or near the 
proposed infiltration area. 

Return of treated water. The advantages to wildlife from 
a re-cscn oi' co~lec~eci waxer. to Sawhil l  Ponds depends on 
the afiects of tnis water on -the lakes. Excessive 
eutroghication, if tnis is a result, can be as dmaging 
to terrestrial wildlife as it is to certain aquatic 
species. This asgect of the L-III alternative cannot 
be fully evaluate; with the anount of data available. 

2. Acivanced Waste-mter Treatnent ( AWT) Alternatives 

Alte~natives A-I, A-11, and A-111. 

These alternatives can be considered together, since the 
l a d  areas required for ex~ansion of the 75th Street 
facility are insignificant- to wildlife. The quality of 
sewage effluent released to Boulaer Creek fro2 the A-I1 
design criteria is entirely acceptable fron a wildlife 
point of view. The benefit of A;-I treatment is not 
commensurate with the costs involved. 

In conclusion, the improved water quality in Boulder Creek 
will benexit wildlife largely through increasing produc- 
tivity in zquatic food chains. Some s~ecies of wildlife 
are likely to increase conspicously in areas that are 
presently danaged severely by pollution, for example, 
immediately below the Pearl Street cewaGe outfall. Species 
 lost likely to invade and utilize such areas are dippers, 
kingfishers, and probably waterfowl and herons. 



Of the six treatment alternatives evaluated, alternative 
L-111 seems most desirable from a wildlife otandpoint. 
Modiflcatlon of ditches required in the L-1 and L-I1 
alternatives are likely to have slightly negative affects. 
Alternative L-111 is likely to improve carrying capacity 
for some ~f~ildlife species thzt would utilize the infil- 
tration area; this judgement is tentative, however, since 
more information is needed. Alternatives A-I, A-11, and 
A-111, as they affect terrestrial wildlife species, are 
best considered in terms of their affects on aquatic 
Organisms. Increased biolo~ical diversity and energy f l o w  
in the aquatic system will canifest associated changes in 
those terrestrial species closely tied to aquatic food 
chains. 

An extremely high water q~~ality in Boulder Creek is not 
necessary Tor wildlife. A portion of the cost necessary 
to accon?lish this would be more wisely used in the repair 
of areas-danaged by channelization, grazing, and tree 
cutting. Eoth the wildlife habitat as well as the esthetic 
quality of Boulder Creek would be greatly enhanced if even 
a modest rehabi l i ta , t ion  progran were developed to accompany 
the anticipzted i~a~rovement in water quality resulting 
from upgraded sewage treatment. 



B. VEGETATION , 

In general, the alternatives for sewage treatment improve- 
ment will have only slight effects on the native vegetation 
along Boulder Creek. The quantity of water in the creek 
is 30re im~ortant than its quality. The vegetation on the 
land applic~tion sites will be changed to some extent as 
a result of the irrigation ?rogran, but these changes will 
be minimal since much of the area is already irrigated. 
The effects of construction and operation will be local 
a d  for the nost part will be lislited to the affected sites. 

Land An~lication Alternatives 

a. Alternatives T-I 2nd L-11. These alternatives will 
necessitaze tiie d i s ~ ~ c a n c e  or removal of vegetation from 
pipeline, drain, ditch, and reservoir sites vrllzich could 
be as much 2s 900 acres with L-I and 600 acres with L-11. 
Kost of the disturbed lands are agricultural rather than 
native vegetation, and could be revegetated rather easily. 

Some changes in vegetation nay be expected during the 
operational phases especially in EII where the proa~ction 
of a forage crop is of seconcarg importance. If a~plication 
rates are nigh, species of semi-a~uatic grasses and forbs 
may be exgected to become rcore prozinent. The total 
vegetation is likely to be more lush because of the 
additional water and increzsed nutrients. 

b. Alternative L-111. With this alternative the a~plication 
~ite has the gotential for develo~ing into a very l k h ,  
moisk oeadow in vinicn xmy sezi-quatic species could be 
excected to grow (Table 1). The internittent a7plication 
periods r~ould be frequent enough to xaintain a vegetation 
cover of this type. Currently, the vegetation on site 
HR-S is a t p i c a l  2asture. Xith alternative L-111 a much 
ioore productive vegeta~ion type ~iould develop on the site. 
Existing cottonwooa trees would be tolerat of.the heavy 
zpplication rates, end would not die as a result of the 
added water. There would be considerably less disturbance 
to the vegetation resulting from construction with this 
alternativk. 

2. AIlT Alternatives 

The only detrimental effects related to the AWT alternatives 
would result from increasing the size of the 75th Street 
treatrnent plant. Alternative A-I would consume more land 
than either A-I1 or 21-111, but the mount is not significant. 
The in;pravc:ccnt of water quality in Boulder Creek will 
>robably havo no elfcct on the stremside vegetatioa. 



Table 1. Species which may be exnected to grow on site 
HR-1 with implementation of alternative L-111. 

Common name Scientific name 

Angelica Angelica sp. 

Bluegrass - Poa pratensis 

Bluejoint . Calanagrostis spp. 

Bulrush 

Cordgrass 

Cottonwood 

Cow parsnip 
- 

Cutgrass 

Ka3ulagrass 

Milkweed 

Poison hemlock 

Reed canary grass 

Reed, grass 

Rush 

Sedge - 

Scirpus spp. 

Spartina sp. 

Ponulus spp. 

Heraclevn lanatum 

Leersiz oryzoides 

Glgceria sp. 

Asclepias sp. 

Coniwn sp. 

Phalari s arundinacea 

Phrazzites australis 

:Juncus spp. 

Cacex spp. 

Sedge Cgperus spp. 
1 

Slough grass Beclanannia s-yzi~acbne 
r 

Smartweed Polygonurn spp. 

Spikerush Eleocharis spp. 

Water hemlock Cicuta sp. 

Willow Salix spp. - 



In conclusion, rank in^ alternatives with reference to 
Vegetation is difficult. The land'aaplication alternatives 
have the advantage of providing additional open space 
around Boulder, and L-I11 could provide a luxuriant veg- 
etational cover. The AWT alternatives affect vegetation 

i 
to a minimal extent. 

1 
t 

i 
t 
1 
$ 



C. AQUATIC ORGATJISNS - 

Any of the proposed alternatives for upgrading the sewage 
treatment facilities vill have a beneficial effect on the 
aquatic life of 3oulder Creek. Discontinued use of the 
Pearl Street treatnent plant, which is a feature of each 
alternative, will allow fish and invertebrates to recolonize 
the strean sections below the existing outfzll. Recoloniz- 
ation will occur to the extent possible given the current 
channelized conditions in this section of the stream. 
Streur, sections in the Sawhill Ponds area could again 
support fish populations. 

1. Land A~plication Alternatives 

a. Alternatives L-I and L-11. These land treatment 
alternatives have both aezriinenral and beneficial aspects 
Through lwa application of the treated effluent, the 
nutrients still gre,sent in tne waste water are distribute 
over the lad rather than introduced into the strean. 
With this amroach the pollution zones below the sewage 
outfalls are-eliirinated-and these oortions of the stream 
caa susport a vzriety of aquatic organisns. When the 
effluent is apclied to the land, the nutrients become 
incorporated into growing plants vinici? can then be harves ted. 

Stream water quality v i l l  also be i rg roved  through Boulder 
since undiverted water f r o 3  the Broadway system will be 
allowed to f1oi.l dovms~rea. This will nor cnly ailow for 
possible inprovenents in fisning but also the strean will 
have a xore pleasing appeazance. Repizcenent water from 
Boulder Reservoir, mder these alter~atives, will also 
imprbve \:ater quality do~.'~?strem. klternztive EII is 
preferred over L-I since this plan the purified 
recoverable water from land apglication is collected 
retuned to the creek via a point source located between 
the 75th Street plant a d  Lower Soulcer Ditch. This 
retur~ will have raxinal beneficial eifect by replacing 
the water as far upstreai as possible, preferably at or 
ab6ve the 75tn Street plant. Under L-I the purified water 
retxas gradually so the creek via a non-point source 
between Lo9er Boulder Ditch and the confluence with St.Vrain 
Creek. L-I1 has the advantage of returning the water to a 
-critical portion of the strean at White Rocks. 

While the fishery potential of aoulder Creek may be improved 
under E I  end L-11, there v:ould be no ~otc~tial for devel- 
oping the holding reservoirs for the secondarily treated 
effluent as fisheries. The nutrient levels, BOD concen- 
tration;, and volume fluctuations, would be great enough 
to prevent grovth and development of galfie fish species. 



Dependinq on the mount of quiet water, the holdin? reservoirs 
.could serve as breeding sites for mosquitos. If substantial 
emercent vegetation develops around these holding ponds, 
the mosquito problem would be increased. This problem 
should be local, since adults usually do not disperse over 
great distances. 

be Alternative L-111. - This is the least desirable of the 
land ap~ljcation alternatives from an aquatic standpoint. 
Although the tertiary effluent is of lower quality than 
that produced under L-I or L-11, it is still of high quality. 
Returning it to the Sawhill Ponds could cause increased 
eutrophication resulting nostly from nitrogen acd phosphorus 
compounds. The extent and rate of eutro2hication would 
be dependent on the rate of water exchange in the ponds, 
and without these data it is difficult to determine the 
magnitude of this potential problem. Additionally, spring 
and fall turnover of these ponas could cause seasonal 
releases of nutrients to Boulder Creek, The overall effect 
of eutrophication nzy be a reduction in the recreational 
use of the SatJnill,Ponds ratner than an increase. A 
maso_uito proSlen nay develop depending on the length of 
tine that standing water regains on the application site. 

This alternative might be improved by returning the tertiary 
effluent directly to the s ~ r e ~ n  rather than adding it to 
the Sawhill Ponds. Streans have much greater capabilities 
for diluting effluents than do standing bodies of water. 
The effluent could be returned to Boulder Creek above the 
Savrhill Ponds area and thus increase the quality of the 
creek as far dotmstrean as diversion points below White 
Rocks. 

AWT Alternatives 

All of the AVT altcrnatives will increase the potential 
for biological diversity in Boulder Creek. Alternative 
A-1 t10~1d produce an effluent of such high quality that 
no polluted stream section would develop below the outfall. 
Pish and inver~ebrates vioula be ajle to nove freely between 
stream sections above and below the outfall. Alternative 
A-I11 on the other nand would be an irnprove~ent over 
existing conditions, but a ~oll6ted section of the stream 
would stis1 occur, Alternative A-11, which produces an 
effluent intermediate to the other alternatives, may be 
of high enough quality to allow free movement of organisms, 
but a short section of streav may become somewhat polluted. 
The downstream improvement is directly related to the 
level of treatment. 

The higher levels of treatment (A-I and A*-11) would discharge 
an effluent of hi$ enou,yn quality that sewage fungus, 
which is a serious probiclri for fish and invertebrates, 
would probably not develop. Alternatives A-I and A-I1 



would maintain stream water quality'at a level which could 
Su73ort fish. Thcse importmt components add stability 
to the Boaldcr Creel: ecosystem, since they are food organisms 
.for other animals.. Also, they serve as indicators of good 
water quality. Before deciding on acceptance of A-I or 
A-11 as the chosen alternative, serious consideration 
should be given to the developaent of Eoulder Creek as a 
fishery in light of other influences along the creek. It 
may be that continued channelization and agricultural uses 
are not consistent with recreational fishing in the creek. 

Other important fzctors to be considered with the AtlT 
alternatives center on the effects of the levels of various 
substances contained in the effluent: dissolved oxygen, 
pH, phosphorus, nitrogen compounds, BOD, ayld chlorine. 
Each of these substances is discussed below in consideration 
of the AWT alternatives. 

Dissolved oxygen (30). Each ATdT alternative produces an 
effluent with a i)O concentration of 30mg/l. This will 
dissipate quickly and no namful effects would occur at 
these suger saturated levels. Aaditiocal 00 in the stream 
could be beneficial at tines of low strean flow when BOD 
levels tend to be nigh. Under normal conditicns DO is not 
a limiting factor in the stream. 

DX. Host aquatic organisms are tolerant of high pH levels, 
L 

but under conditions tL2ere other pollutants are present in 
high concentrations, the higher pH values in the AWT effluent 
mag cause prpblens for these animals. 

Phos~horus. The phosphorus levels in the AVT effluent 
are low enough that they will have no deleterious effect 
on Che aquatic organisms. 

Nitro-en co?-oo~~-~cIs. Amonia nitrogen (1TH3-11) is a very 
toxic subs ta lce  in streax, but tenas to dississte quickly. 
The levels in the A'JT effluent are  lo:^ enough that they 
should. pose no proble.m,s to aquatic life. ilitrate ~litrogen 
(II0j-W) czuses a problea in that it provides a nutrient 
to aquatic plants including sewage fungus. Only A-111 
has an NO?-W lcvel which couid pose a problem. The presence 
of liH3-': and !TOT-U can be toxic to aquatic organisms when 
present at high levels, and also they can act synergistically 

', 
with othe? pollutants to produce toxic effects. \ 

. 
Biolocical oxyyen denmd (BOD). BOD is a problem along 
bouiacr Creel: at tices 01' lol:~ and intermittent flow, and 
also belol;~ the current sewage outfalls. At levels greater 
than 10m~/i, BOD tends to decrease the diversity of aquatic 
life. Eelow 10ng/1, numerous or~anisns can survive, 
including those species i~ihich are inporta?t food orpnisns 
for fish. A concentration of less than 5nig/l is indicative 
of good stream quality. 



Chlor ine .  Currently chlorine is a barrier to fish movement 
in t11~ C F C P ~ C ,  The 1SlIT alternatives would ~rod~ice an effluent 
with trace levels of chlorine which would have no effect 
on fish movements. 

Based on the above evaluations, the six alternatives for 
improved sevrage treatment are ranked below in order of 
most preferred to least preferred: o 

1. Land Application Treatment-I1 
2. Land Application Treatment-I 
3. Advanced Waste-water Treatment01 
4. Advanced Waste-water Treatment-I1 

5. Lad Application Treatment-111 (given that the effluent 
is returned to Sawhill ponds) 

6. Advanced Iiaste-water Treatment-111. 

Although improvement of the stream would occur through 
upgrading the existing sewage treatment facilities, other 
factors influencin~ the strean reduce these ~ositive effects. 
Agpropriation of water along the stream is great enough 
to cause intermittent flow in many years, and since the 
treatnent alternatives will not add any additional water 
to the strew,, -this problem would continue. 



APPENDIX THREE 

COTTONWOOD HABITATS FOR BIRDS IN COLORADO. 

BOTTORFF, R. L. 1974. AmRICAN BIRDS, 

28:975-979. 
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As part of the native woody vegetation cf Col- 
orado, cottonwood trees are commonly found in 
the floodplain of rivers. Additional trees occur on 
the shores of reservoirs. along irrigation ditches, 
in areas of shallow water table. and often lining 
streets in towns. There has been much research 
in the western states during the past 50 years on 
the quantity of water that cottonwoods transpire 
(Meinzer. 1927: Robinson. 1958. 1964: Culler. 
1970: XlcQueen and Illiller. 19721. %lost of the 
data  has been collected to support water salvage 
programs that remove riparian veget:ition. There 
has been little research on the ecological impact 
of such programs. It is the purpose of this paper 
t o  examine the extent and importance of cotton- 
wood habitat for birds and to summririze the land 

i use conflicts in Colorado. 

I 
METHODS 

1 
This paperrepresents a review and synthesis of 

previously published research on cottonwood 
habitat. All issues of A~rclrrhotr f'ic3ltl ,Vi)rc,.s ;ind 
An~ericcin Birds from J;inu;~ry, 1947, to Ilc- 
c e m b e r ,  1973, (Volumes I ( ! )  - 2716) ) wcrc 
searched for Colorado winter and hrccding bird 

i C C ~ S U S C S .  l 'tie nu~nlrer of hinl spccics itnd tlenritv 
I of individual\ o r  hrceding p;~irs were t;tlri~l;~te~l 
j for each h;rhit;lt type. Cottonwood I I ; I ~ > ~ I ; I I  u.;~s 

comparcd to  otltcr Itirbit;rt typcs fro111 I l t i b  t;thul;t- 
tion. 

T o  quantify some physical characteristics of 
Colorado cot tonwood habitat.  the  a r e a  and 
perimeter of thineen cottonwood groves along 
the Cache la Poudre Ri\.er in Larimer County 
were measured from aerial photographs (U.S.  
Soil Conservat ion Service 1963 issue. I m =  
7920m). 

RESULTS 

Ph?,.rictrl Clic~rtrc,rrristics of 
Co f f o t r  nwoJ Gro \.tJs 

Harrington ( 1964: 166) lists four species of cot- 
ton~voods (Poplrllrs sp.) as  occurring in Colorado 
(Table I ) .  :Ill are moisture-loving kind s row espe- 
cially well where the ground 1v:itt.r table is near 
the surfitce. Plants that depend on the ground 
water table for their water supply h;ive been 
called phreatophytes ~ t n d  are the rii;iin plants re- 
moved in wxter salviige programs. Robinson 
(1958:62) be l ieves  that  c o t t o n w o o d s  ;ire 
phre;ttophytcs and will grow where the ground 
witter t;tl,le is within 30 feet (9 ni) o i ~ t ~ c  surf;~cc. 
Recent rese:rrch, ho\vcvcr. indic;ites 1h;tt cot- 
tonwootls riiay not he trtlc p h r c : i t o p t  sirice 
tlicy c;tn obtain a c~)ri\iclct.;it~lc por.tiori of  their 
iv;ttcr' r c q ~ ~ i ~ . c ~ ~ i c r ~ t s  S~OIII  tllc tt~l~;ttur;rtcd \oil 
zoric (hlcQuccn ; I I I ~  hlillc~., 1972::V). 



A a E a - HECTARES 
Figure I. Area-Perimeter relationship for cottonwood groves. 

Cottonwoods a re  fast-growing. short-lived 
trees ( to  90 years), and intolerant of shade. Pistil- 
late and staminate flowers (catkins) are borne on 
separate trees and develop early in the spring 
before the leaves (April-.Clay). The seeds have 
long silky hairs which make them buoyant in a 
slight wind and disperse during June in eastern 
Colorado. Plains cottonwood seed is very small. 
with 250,000 to 479,000 seeds per pound (Fowells 
1965:521). 

The  areal extent of various Colorado habitat 
types is given in Table 2 (hiiller and Choatr,  
1964). Cottonwood habitat accounts for 400 kmz 
(0.2 percent) of the total land area. Nine-tenths of 
this habitat is on private land. The estimate of  
cottonwood habitat is conservative since the 
sampling technique of Miller and Choatc (1964) 
did not recognize areas smaller than 0.04 km2 or  
widths less than 37 m. However. a n  increase in 
the total cottonwood area by a number of times 
would cause little change in its ranking with the 
other hahitat types. 

Figure I shows the area-perimeter relittionship 
o f t h e  13 plains c o t t o n ~ v o o ~ l  groves located  long 
the C;~che 1;1 1'otidr.c Itivcr. 'l'lrc I-el;~tion\hip t i ~ r  ;I 

circle is ;tlsu shown for co~iip;~r.isc)n \incc ;I circle 
has thc sm:rllcst perinictcr  ti)^- ;I cen;tin ;1r.c;1. :\ny 
devi ;r t io~~ from a circul;~r sh ;~pe  incrc;lscs t t ~ c  

cottonwood groves have a large edge effect and it  
is expected that bird species and production are 
high. Irregular perimeters and interspersed open 
areas add to the edge. but also make for good 
arrangement of habitat in relation to  water. 

.A cottonwood grove on the South P!atte River 
near Denver. Colorado. had 0.057 km%f trees 
interspersed with 0.041 km' of open area sr.d a 
perimeter of 2440 rn. The dcpsitv of trees aver- 
aged 22.000 per km2 (13.600r73.000 per km2) of 
which 0.3 percent were dead. The  trees were 
15-31 rn tall withanaveragediamelerof0.36m(to 
1.02 m). This grove had a bird density of 1689 
pairs per km2 during the 1971 breeding season. 

Bird Use of Cortoti\roocI Gror,cl.s 
The general ch;~racteristics of h:ibitat use by 

birds in North America has bccn i-cvicwed by 
Wiens ( 1973:241). He found that cr;issl;~nd birds 
a v e n g e  4 species and 230 iiidivit1u:ils per km2. 
desert hirds average 7 species ;rnd 150 individuals 
pcr kni2, shrub birds ilverage I.! cpeci~ts and 1150 
individuals per knl', and forest birds ;ivcr;lge 24 
species and I3 10  i ~ i d i v i i l ~ ~ ; ~ l s  per k111". Gr;1ssi;111ds 
and clexc~-t\ ch:iractcrihtic;~lly have k w  h~.cc~ling 
species and low derlziiies wit11 little yc.;irly v;r~-iil- 
tion. I I I  ci,rltraxt, xhrub ;inel li \~-cst h;~l>it;~t 11;tvc ;I 

high ;rvcr;lgc number i)t '  I)~.c-ctli~~): spc.~.ics ; I I I ~ I  



t large edge effect and it 
oduction are 
spersed open 

.ii . r l ~  make for good 
r+illon to water. 
:I' South Platte R11er 

I{ ) 057 hm' of trees 
.. ot open area and a 
~Icniit!. of trees aver- 
.';: '3.000 per km" of 
L: . The trees were 
. .!1.tmeterof0.36m ( to  
.I h ~ r d  density of  1689 
" breeding season. 

t i i \  of  habitat use by 
' . .wen reviewed by 

. at gr:issliind birds 
. ~ ~ i k i d u a l s  per km2,  

Ir\ ; ~ l d  150 individuals 
. , hpecics and I IS0 
! .  bird5 average 24 
. . kinL. Grassl ;~l~ds 
(I:, h ; r ~ e  few breeding 
-" illlc yearly v;~ri;i- 
I h:it'it:it tl~rve :I 

> :dins spc-tics ;ind 
! v;~ri:~tiorls.  l ' h c s c  

1 hc C'oIo~.;rtlo bird 

Tahle I. Colorado collnnwood chnrnderlslics. 

/'(>/l//Ilt.S 

.wirxvtttii P. rrrr ~rt.tri/oli~r P. t~r~rtnin(tt(~ P. wisli:c*nii 

Comnlon n;in~c Pli~in.; C. Narrowlc;~f C. I.ancclc~~f C. Rio tirandc C. 
Occurrence E;rsr Colo. Centr;il and Ccntr;il ;rnd Central and 

West Colo. SW Colo. SW Colo. 
Elev;ition (rn) 1 0 - 2 0  1500-2500 1 4 ~ 2 t ~ ~  1200-2100 
Height (m) 20-30 15-20 10-20 12-30 
Diameter lrn) 1-2 0.5 0.5 1 

..- 

The use of Color;i~lo cottorlwood hi~hiti~t by 
bird\ was determineJ hy examinin9 numerous 
past censuses. Between January. 1947. and De- 
c e m b e r ,  1973. Artduhotl I.'ic,ld /Vorr.s and  
American Bird.r published 163 summer  and 
winter censuses from various Colorado habitats. 

Asummary of the mean number of bird species 
and density by habitat types is shown in Table 3. 
Cottonwood habitat was used by a mean of 17.8 
bird species during the breeding season with a 
density of 797 pairs per km2. Winter use bvas by a 
meanof 19.2 species and 620 individuals per km2. 
The cottonwood habitat can be seen to have bird 
densities well in excess of all other habitat types, 
except for plains ponds which concentrate water- 
fowl in winter, and city streets. 

species and 356 pairs per k m w h i l e  undisturbed 
habitat had a mean of 24.7 hpecies and 1530 pairs 
per km'. Seventeen of the 24 winter censuses had 
a disturbed understory while seven were cndis- 
turbed. Di5turbed cottonwood winter habitat hae 
a mean of 19.1 species and 563 individtials per 
km? while undisturbed habitat had a mean of 19.4 
species and 757 individuals per km2. 

Many of the 438 Colorado bird species re- 
corded by Bailey and Neidrach (1965:8) are  as- 
sociated with cottonwood habitat. Over the past 
8 years. Hugh Kingery (personal communica- 
tion) has observed 218 species of  birds within an 
area centered along 8 km of South Platte River 
cottonu,ood groves near  Denver .  Colorado.  
Beidleman (1918) found 99  bird s ~ e c i e s  within a 
0.61 krn' Boulder Creek cottonw;od grove after 

Table 2. Colorado habitat types. 250 hours of observation. In a later more exten- 
s ive s tudy .  Beidleman (1954) recorded 187 

~ - 

Habitat Land .4rea Per cent species and subspecies of birds from 16 different 
Ty PC tkrnL) Total r\rea cottonwood groves in northc:istern Colorado. He 

concluded that cottonwood groves are one of the 
Non-forest 

r mainly plains) 
Pinyon-Juniper 
Fir-Spruce 
Chaparral 
Aspen 
Ponderosa Pine 
Lodgepole Pine 
Douglas Fir 
Other Forests 
Tirnbcr Pinc 
Cotronwood 

The  bird densities of the 32 \unimerand winter 
cottonwood czr~sii\c.s h;id :I wide r;ingc ofv:~lues 
(summer: 83-1690 pi1ir.i per knl': winter: 82-1790 
intlividt~;rls per km3 .  S L ~ I : I ~  of tire val.i:rtion ix 
ouiing to the qu;rlity of u11~lcr\tor! h;rbitat. C;I.;LZ- 
ing or  land :rItcr;rtio~~\ for :~gr i~ .~ i I t~ i rc  ~l i \ t i~~~I~ct . l  
the unilcrstory ill five o i  the cigt11 ~ U I I ~ I I I C I .  cell- 
sus rs  whilc t11i.c~ wcbl.e I I I I L ~ ~ \ I U I ~ I C C ~ .  I ) i ~ ~ i i ~ . h c ~ (  
c o ( ( i ) ~ ~ \ v i ) t ~ ~ l  I~rcccting I i : r t ) i t :~ t  11:rtI :I I I I C ; I I ~  of 13.0 

most productive habitats in northern Colorado 
and that overgrazing has an adverse impact on 
the bird life. In a recent study of birds in the 
Roaring Fork River watcl.shed of Colorado, 
Wooding( 1973)divided the habitat into 10groups 
and determined the number of bird species using 
each: low elevation rip~irian (42 ) .  ponds (40). 
scrub oak (29). spruce-fir (29). dougl;is f i r  (26), 
pinyon-juniper (26). aspen (3ii .  sagebrush (13), 
alpine (12). and high elevation rip:iri:in (5).  The 
highest number o f  species w:rs found in the low \ 
elevation ripiirian habitat which is composed 
mainly of cottonwoods. \ 

Thc use of cottonkvoad h:rl~itat by birds ;ind 
m:rn~nl;ils h a s  hccn  d o s u n ~ e r ~ t c J  f o r  ni:iny 
species. flock ( 197 1 ) iind tlaclo\v ( 1973) stuclicd 
t he i~.rc of cotton~vootl h:thit:~t t'ol- hrc.etlirlg ; I I I L ~  I 
k e d i ~ i g  b y  1.t.wi.r' W o o c f p c c k c ~ ~ : i r ~ ~ l  Kc.~l-llc;i~l~tl 

t 

\ t ' o o ~ 1 p c ~ k e r  it1 C ~ ~ I ~ ) V : I L ~ O ,  h ' c \ t c r ~ i  iv00~1 f I'cwees ;~nti I<:il.n Sw;~llo\v.; h:~vc t>cC~1 c'l>servcd 
c i ~ t c t ~ i r l g  drifting co l lo~l \ r~oot l  \c~. t l  i l l  J I I I I ~ * .  
t i c i~ l lc~~l : i~ l  ( 1954) C O I ~ \ ~ ~ I L - I C C ~  tlik- ~ ~ ~ ; i ~ + , - t ~ i I ~ ~ ~ ~ t  i 
h1:rppic. "KctI-sh;~ftc~l" I:lic.kcr, ;illtl I4l;rc.k- 

1 
t 



I'ahlc 3. <:oloraclo hel~ilnt II-ic I)y Itircls (1947-1973). - 
SUMMICK WI N'l'EK 

I -- --. 
Nunlhcr Avcr;tgc Avcr;tge Nrrntl>cr Avcritgc Avcr;!ge 

t1;lhit;tt of Nurnhcr I>cn.;ity of Numhcr I)enstt y 
. ~ Y F  Censuses Species (prlkm') Censuses Spccies (no/kmz) 

Cottonwood 8 17.8 797 24 19.2 620 
A\pcn I 11.0 297 - - - 
I>ougl;ts Fir 5 9.6 182 7 10.1 265 
I .odgepolc Pine 8 10.2 183 10 9.5 113 
P~~nderos;~ f'ine 18 14.4 349 22 16.0 36 1 

' I\olsted i 

f'ondcrosa Pine - - - 4 2.5 0 
flru\h-Pine. 8 11.1 380 9 20.0 402 
Pinyon-Juniper 2 5.5 78 I I 14.2 208 
C;ra\\Iand 2 4.0 119 4 9.2 19 
Cultivated 3 4.7 124 1 21.0 284 
City Park - - - 7 16.9 366 
City Street I 13 1086 4 9.0 514 
Plain\ Pond - - - 4 13.0 15200 

capped Chickadee to be the characteristic year 
'round residents of cottonwood groves. The Col- 
orado Division of  Wildlife makes winter censuses 
of Bald Eagles along the riparian stands of  cot- 
tonwoods. Yeager ( 1959) found that Colorado fox 
\quirrels were dependent on  cottonwoods for 
their survival. 

The information presented in Tables 2 and 3 
and the research completed by others clearly es- 
tsbli\he\ that cottonwood habitat is relatively 
\carte in Colorado. but that what is avai;irhle is 
u\cd heavily by many bird species for breeding. 
feeding and shelter. Because of its limited extent 
but large inlportance. cottonwood hahitat is a 
\ignificent wildlife management problem at pres- 
ent and will continue to be so  in the future ;is land 
u\e bccomes more intensive. Since nine-tenthsof 
the Colorado cottonwood habitat is on priviite 
land, wildlife agencies h:ive little direct control, 
hut must rcly on cduc;ition and legal devices such 
a\ zoning o r  easements to  maintain this choice 
hithitiit. ? 

(ir;tzing, gravel cxtr;iction, agricult~rral pro- 
duction, water s;tlv;tge. flood corit~.ol. d:ici~ con- 
strrrction ;in11 urhani;r;ition :ire co~npct ing lanil 
u\c\ wit11 protlucliori ofcottoriwoo~ls li)r wil~llife. 
I t  h;i\ hcen i~tilir';ttc~I ; ~ l ~ o v c  th;tt ovcl.gr;izing rc- 
t l t~cc\  the nultlhcr ;inti ~lcllsity o f  I>irll \pccies. 
I 'hc ):r:t~il~g p~ .cve t~ t \  tltc n;ittlr;~I r c p l ; ~ c c ~ ~ i ~ ~ ~ i t  of 
o l t l  c'ottl)llwoo<l*; b y  yorlllgsr trees. (;l.;tvcl cx-  
t r ; t c t io~~ is c1)111111011 011 ~tt;iriy S ~ I . C ; I I I I S  oI'e;is~errl 
( ' o l~~~; tc lo ,  c\pcci;llly \r:Itc.~.c tltc . ;~I .T;IIIIS I L Y I V C  I I I C  
I I I ~ I I I I ~ ; I ~ I I \  : I I I ~  Ilotv otit i ~ ~ t t o  t11c l~iglt ~ I ; I ~ I I \ .  Csot- 
101iwot1~I 11;1I>it;it i ~ c i i i ~ ~ i ~ ~ ; ~ t c ~ l  ~ l i ~ . e ~ . t l y  by tltc 1iti11- 

- ~- - -  -- 

ing operation o r  indirectly by lowering the water 
table. Cottonwood trees may grow back on the 
periphery of the operation if the necessary condi- 
tions exist. but commonly either a deep pit is left 
o r  the pit is filled with solid waste. Quite often 
gravel extraction completely excludes cotton- 
wood trees. 

The  present world food problem also has an 
impact on  cottonwood habitat. One way to pro- 
duce more food in a world shortage situation is to 
remove cottonwoods and extend the cultivation 
closer to the streams. In general. the soil where 
cottonwoods grow is productive and close to 
water for irrigation. 

Water for irrisation and other new consump- 
tive uses is relatively scarce in Colorado during 
summer and fill1 months. Privirte and public rn-  
tities have examined many way5 to increase the 
amount of water aviiilable. One proced~rrc which 
is being increasingly considt.l.cd and has been 
used on a limited sc:ilc in- the past is to remove 
streiimsidc vegetation to  decrease the ;rnloilnt of 
water tr;inspired by phrci~tophytcs. Studies of 
water use by cottonwootls indicatc thitt their 
roots niiiy pcnetcitc into the water t:iblc iind use 
1.5 n ~ : ~  of wiitcr per sqi1:ire meter in one season 
(Meinzcr. 1027:SX; Kohinhon, 1958: 0 2 ) .  Kccent 
st~tilic'r. I I O W ~ V C ' ~ .  11iive shobvn that c o t t o ~ ~ w o o d s  
ni;ty not ;~lw;tys bc true pl~rc;rtophytes (hlcQuccn 
;in11 h,lillcr. Ic172:40). 

l<ip;11.i;111 \ l c g c t ; ~ t i o ~ ~  is l>cnctici;tl in its co~ttr i l>t~-  
tion to \ t ; i \>iI i ty of 1:111cl ; t ~ i c I  ;1~111;itic c c o s y s t c ~ ~ i s .  
Re~r~ov;il .of vcgct;iticw ~lcc~.c;iscs \tt;lcliltg of tllc 
gro~111d. tht~.;  i~tcre;isit~g c v ; ~ p o ~ ~ ; l t i o n .  ' r ~ l t  ;tc- 
c r ~ ~ t ~ t ~ l ; ~ l i o ~ t  ; I I I ~  ~ ~ ~ . o * ; i o r ~  i l l  tllc. soil. \V;tt~%r I I \ C  by 
1.i11;11.i;111 vcgct:~tio~t 111:ty I>L- I ~ I I I L . I I  lc-\s t11:11t 111.c- 
iIic.t~.~l I'I.OIII I ; I I I ~  stutlics I>c~.;III\c* I I I I I I C ' I .  I I ; I ~ I I I . ; I ~  
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APPENDIX FOUR 

THE VEGETATION OF BOULDER CREEK 

J. H. Bock 

EPO Biology Department 
Un ive r s i t y  of Colorado 
Boulder,  Colorado 



Figure 1. 

Descr ip t ion  of the t o n  Ecological Areas along Boulder Creek 

I Area No. i Locat ion I Vegetation Description 

I 2 .  I Arapahoe t o  20th Almost a l l  t r ees  removed. Much 
St ree t  1 bare gravel,  weedy herb species 

I 1 Val ley  View Rd. 

1 I I trees, 

Many rnaturo t rees  throughout 

I dominant. 
I 

28th St ree t  t o  Some mature t rees  and some under- 
Folsum F i e l d  brush i n  area, Some dumping. 

Folsum F i e l d  t o  P a r t l y  r es i den t i a l .  Some 
17th S t ree t  mature trees. and some under- 

ztnrv t. 

LO Arapahoe area. klel l developed under- . 

-..A- ------- -- story  a t  lower end. 
I 

30th St ree t  t o  
28th S t ree t  

6 Center of town. P a r t l y  land- 

- 

Pa r t  o f  area denuded of vogsta- 
t i on ,  p a r t  has some mature 

7 9 t h  S t ree t  t o  Old r es i den t i a l  area. !-lany 
Eban F ine Park mature t rees.  Understory 

-.- ----- poor ly  developed. 

8 Eban F ine Park Many mature t rees  and th ick  
t o  Junct ion o f  understory p lus  small denuded 
Canyon and area upstream. 
Arapahoe 

Junct ion t o  Le f t  
' 

Lower Ibn tans  vegetation. 
Hand Canyon P a r t l y  old r e s i d e n t i a l  area. 
t u r n o f f  Well doveloped na t i ve  f lora.  

Sunshine Creek Resident ia l  area w i t h  some 
from mouth of mature t rees and we l l  develop- 
Sunshine Canyon ed shrub covor. 
to  j unc t i on  w i t h  
Bou l der Creek 

L ,' I proper 

- I 



Percent Cover for various typos of vogetatlon 



Figure 4 .  

Percentage of Creek Shaded by Vegetation 
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TABLE b. Troes of Boulder Creek 

ACERACEAE 

1. - Acor g labrum Tort .  (Moun9al n Maple) 

2. Acer negundo L. (Box Elder) 

3. Acer saccharinurn L. (S l l ve r  Maple) 

ANACARDlACEAE 

4. - Rhus qlabra L. (Smooth Sumac) 

BETULACEAE 

5.  Alnus t e n u l f o l i a  Nutt. I (Alder) 

6.  Botula occldentalis Hook.; now Betula ion t inof  I S  Sarg. 

E LEAGNACEAE 

f .  Efeaqnus anqust i fo l la  L. (Russian O l i ve )  

LEGUM I NOSAE 

8. Robinia neomexlcana Gray (Locust) 

P l NACEAE 

9 .  Juniperus c m u n i s  L. ssp. nana Syme (common Junlper) 

10. Juniperus v l rq ln iana  var. scoputorum Lemoon ( R e d  Cedar) 

11. Plcea ounqens Engeim. (Colorado Blue Spruce) 

12. Ptnus edulis Engelm. (Pinyon Pfne) 

13. Pinus ponderosa var scopulorum Engelm. (Ponderosa Pine) 

ROS ACEAE 

(4. Prunus amerlcana Marsh (Wild Plum) 

15. Prunus bessevl Bailey (Sand Cherry) 

16. Prunus pansy lvanica L. ( W i  Id  Red Cherry) (PI n Cherry) 

17. Prunus v l rq ln iana var =lanocarpa 1. (Choke Cherry) 

18. Pyrus M I U S  (apple) 

19. Sorbus scopullna Greene (Mountain Ash) 

SAL ICACEAE \ 

20. Populus r acumlnata Rydb. F i r s t  generatton hybrid betweor & -onti 1 and 

P. anqustifolfa - - 
21. Popu lus anqust l fo l  l a  James (Narrowleaf Cottonrood) 

22. Populus sarqont i l  Dodo (Plalns Cottonwood) 

23. Populus tromulold?s Michx (Quaking Aspen) 



24. SaI l x  exiqua Nutt.  (Sandbar Wl l low) 
25- - Salix a l l i s  L. (Cracked Willow) 

26. - Sal i x  i n t e r i o r  Rovloce. (Sandbar W i  1 low) 

27. Sa I i x  pseudocordata (Anderss.) Rydb. 

ULtJlACEAE 

28. C e l t l s  r e t i c u l a t a  Torr .  (Hackberry) 

29. - Ulmus a m r  icana (American E l m )  Not nat ive,  common1 y planted shade t r e e  

TABLE 2. Shiubs of Boulder Creek 

1 .  Toxicodendron radicans (L) Kuntze var. ryoberqi  l (weed of dls*u&od ground) 
(Small) Erskine (Poison Ivy )  

BERBER1 DACEAE 

2. Nahonia repens (L ind l . )  G. Don (Oregon grape - Holly-grape) 

CAPRIFOLIACEAE 

3. Lonicera invoiucrata (Rich.) b n k s  ex Spreg. (Bush Honeysuckle) 

4. Srnabucus canadensis 1. (Elderberry)  

5.. Symphoricarpos occ iden ta l i s  Hook. (Snowberry, buckbrush) 

COivrPOS I TAE 

6. Chrysothamnus nauseosus ( P a l l . )  B r i t t .  (Rabbitbrush) 

CORNACEAE 

7. Cornus s t o l o n i f c r a  l l ichx. (Red-osier Dogwood) Native Shrub Flowers with- 
ou t  bracts  

Ribes aureum Pursh, (Goiden Currant) 8- - 
9 .  Ribes cereum Dougl. (Hax c u r r a n t ) '  

10. Ribes inorme Rydb. (Common Gooseberry) 
i 

HYDRANGEACEAE 

11.  ? a s l a  amerlcana T. & G., (Waxflower) 

ROSACEAE 

12. Purshla t r i d e n t a t a  (Pursh) D.C. Nat ive (Antelope-brush) 

13. Rosa arkansana Por tor  (Native shrub) 

14. b s a  woodslf L ind l .  (Nat ive shrub) 

15. Rubus idaeus L.  ( W l  I d  rod raspberry) 

16.- Rubus sp. (Raspberry, Uli?chborry) 

17. Rubus ea rv l  f lo r t~s  Nut t .  (Thlmb lo-borry)  



V I TACEAE ' a  18. P a r t h o n o c l s s u s l n s e r t a ( K s m o r ) K . F r l t s c h ( V i n e - V ~ r g i n ~ a C ~ e e p e r )  

19. V i t i s  r i p a r i o  I4ichx. (Wi ld  Grapo) - 

TABLE 3. Herbs of 8oulder Creek 

I .  Apocynum androsaemi fo l ium L. (Spreading dogbane) 

2. Apocynum cannabinurn L. ( i nd ian  Hemp) 

ASClEPiADACEAE 

3. Asciepiss speciosa Torr ,  Native, Weedy (Showy milkweed) 

BALSAMINACEAE 

4. Impatiens capensis Meerb., (Jewel weed) 

BORAGiNACEAE 

5. Anchusa i t a l i c a  Retz. Introduced-escaped cu l t i va ted  

6 .  Cynoqlossum o f f i c i n a l e  L. (Hound's Tongue) 

7. Lappula redowskii (Hornem.) Greene-Natlve - Extremely va r i ab le  species 
(Stickseed) 

8. Xertensia ianceolata (Pursh) A . K . ,  Narrow-leaved (Mertensia) 

CACTACE AE 

Opuntia phaeacantha Engelm., (New Mexican P r i ck l y  Pear) 

CNdPANULACEAE 

Campanula r o t u n d i f o l i a  L., (Common Harebel l )  Common nat i ve  8 1 m  I n  -- 
mid d Late sumrner 

Cleome s e r r u l a t a  Pursh, (Rocky M t f n  Bee Plant )  

CARYOPHY LLACEAE 

Cerast iun arvense L. ( F i e l d  Mouse-ear) Nat ive - circumpolar 

serastlum vulqatum L. (Common Mouse-ear) Nat ive 

Saponarfa o f f i c i n a l l s  L. (Soapwort, Bouncing Bot) Introduced - escaped 
cu l t i va ted .  Leaves rnake a f a i r  l a ther  when crushed and rubbed under w:' 

Si leno scouler i  Hook. ssp. h a l l l i  (Wats.) C.L. Hitchc L Magulre - 
MENOPODIACEAE 

Chenopodlum acer i fo l ium Andrz. (Eurasian weed) 

Chono~odlum o lbum L.  (Eurasian wood - Ccmwn plgvcod) 
-I_ I__ --- 
Chonopodi urn botryr; L. (Jerusn lcm - oak) 



19. Kockin l ran ica  Bornmueller (Durnlng bush) 

20. Salsola c o l l i n a  Pa l las  (Russian t h i s t l e )  

COEWEL I NACEAE 

21. Tradescantia occ iden ta l i s  ( B r i t t o n )  Smyth 

COMPOS 1 TAE 

22. Ach l l  lea lanulosa Nutt., (Yarrow) 

23. Ambrosia a r t e m i s i i f o l i a  L. (Roman wormwood) Introduced weed-Monooclo~s 

24. Ambrosia psi lostachya D.C. (\'lostern ragweed) 

25. Ambrosia t r i i i d a  L. (Giant  ragweed) i n t r o .  weed, Hayfever 

26. Anthemis co tu la  L. (Dog fennel) 

27. Arctium minus ( H i l l )  Benth (Burdock) 

28. Artemisia canadensis Miehx. 

29. Arternisia f r i q i d a  Wi l ld .  (Pasture Sagebrush) 

30. Artemisia iudoviciana Nut t .  ( P r a i r i e  sage) Nat lve Gynomnoeclous 
i 
t 31. Aster iaev is  h .  (Common blue as te r )  Nat ive 
1 

32. Aster por ter1 Gray 

: 33. B r i c k e i l i a  q rand i f l o ra  (Hook.) Nutt .  Nat ive 
: 34. Carduus le iophy l lus  Pe t rov ic  ex Bornm. Weed 

35. Cichorium intybus L. (ch icory)  
i 

36. Cirsiurn arvense (L)  Scop. (Canada thistle) I n t r o .  weed 

I 37. Cirs lum canescens Nutt .  

Cirs ium flodrnanii (Rydb.) Arthur  

Cirsiurn undulatum (Nutt.1 Spreng. (Wavy-leaved t h l s t l e )  

Cirs ium vulqare (Savi) Tcnor ( B u l l  T h i s t l e )  In t ro .  weed 

Conyza canadensis (L.) Cronquist (Horseweed) 

Er igeron diverqcns T. 8 G. (Spreading fleabanal Nat ive  
i 

Er iqeron f l a q e l i a r i s  Gray ( T r a i l i n g  Fleabane) 

Erigeron s t r iqosus Muehi (Daisy Fleabane) Nat ive - Intro. I n t o  Europe 

G a i l l a r d l a  a r i s t a t a  Pursh (Blanket f lower)  Beaut i fu l  na t i ve  

46. Gr inde l ia  _squarrosa (Purshl Dunal. (Gumweedl Nat lve - In t ro .  east  and 
west of natura l  range 

47. Holanium autumnale L.  (Sneezeweed) 

48. Helianthus annus L. (Common sunflower) 

50. Hel ianihus pun11 1us Nut*. Nst-ivc, common- 
51. - Heterolhcca ---- v i l i o s n  (Pursh) Shinnors (Goldon Aster) 



Hymonopaplus f l l f f o l i ~ t r ,  Nu t t .  N a t i v e  

Lactuca s c a r i o l a  L. ( P r i c k l y  l e t t u s e )  Introduced weed. Hybr ld l zes  i n  
na tu re  w i t h  c u l t i v a t e d  le t tuce .  

Lactuca t a t a r i c a  ( L )  C.A. Key (Large f lowered B lue  Let tuco)  

Leucanthemum vu iqare  Lam. (Ox eye daisey)  Escaped 

M a t r i c a r i a  mat r icaro ldes  (Less.) Por ter .  ' (P ineapp le  weed) 

M i c r o s o r i s  cuspidata (Pursh) Sch. - B lp .  (Fa lse  dandel ion)  

Ra t ib iba  co lumni fe ra  ( N u t t )  Wooton 8 Standley ( P r a i r i e  Coneflower) 

Rudbeck i a  h i  r t a  L. (Black-eyed Susan) 

Rudbeckia l a c i n i a t a  L. var .  Ampia (Ne is )  Cronqu is t  ( T a l l  Coneflower) 

Scorzonera l a c i n a t a  L. (Fa lse  s a l s i f y )  

So l idaqo missour iens is  Nut t . ,  (Smooth Goldenrod) 

63. Sol idaqo spathu la ta  D.C.  va r  Neomexicana (Gray) Cronqu is t  

64. Sol idaqo speciosa Nu t t .  var .  p a l l i d a  P o r t e r  (Showy galdenrod) 

65. Stephanomeria p a u c i f l o r a  (Tor r . )  Neis (Wire Let tuce)  

66. Taraxacurn o f f i c i n a l e  Wiggers (Common Dandelion) Widespread th roughovt  
most o f  t he  wor ld  

67. Thelesperma meqapotanicum ( s p r i n g )  Kuntze 
<? * -.. 

68. Traqopoqon dubius Scop., ( S a i s i f y )  

69. Traqopogon p o r r i f o l i u s  L. (Pu rp le  s a l s i f y )  

70. Xanthium s t runar ium L .  (Cocklebur) 

71. Convolvulus arvens is  L. (Bindweed) Very common weed 

72. Calvs teq ia  sepium (L.)  R. 8 r .  (Hedge bindweed) 

73. Sedum lanceolatum Tor r .  (Stonecrop) 

CRUC 1 FERAE 

74. Camelina microcarpa Andrz (Fa lse  F lax )  

7 5 .  Capsel l a  bursa-pastor is  (L.)  Medic (Shepherd's purse) 

76. Chor ispora tene l  l a  ( W i l  Id.) D.C. (B lue mustard) Naturalized fron Asia 

77. Oraba nemorosa L. 

78. Draba reptans (Lam.) Fern., (Caro l ina  Whitlow-grass) 

79. Descurain ia p innata  (Walt .)  B r i t t .  (Tansy mustard) 

80. Oescurainia sophia (L.) Webb, (Fl ixweed) 

81. Erysimum asporum ( N u t t )  D.C., (Western Wal l f lower )  

82. Lcp i d i urn campestre L. 

83. Lepidlum l a t i f o l l u m  L. (Perennia l  Pepper-grass) 



Lepidlum pcr fo l io tum L., (Clasping Pepper-grass) 

losquerel la  lvdoviclana (Nutt . )  Wats. (S i l ve ry  bladder-pod) 

Losquerol l a  montana (Gray) Wats., (Mountain Bladder-pod) 

Physarla v i t u l i f e r a  Rydb. (Double Bladder-pod) 

Rorippa nasturtu im - aquaticum (L.) S. & T. (Water cress) 

Rorippa te res  (Michx.) Stuckey (Cress) 

Sisymbrium alt issimum L. (J im HI l l  Mustard) Bel ieved t o  havo spread i n t o  
t he  west by way of the  r a i l r o a d s  

Thlaspi arvense L. (Penny-cress) 

Thlaspi mntanum L. (W i ld  Candytuft) ( 7 .  a lpes t re  of Ed. Il l 

Echinocystis lobata ( l i ichx.)  T. 8 G. (Wi I d  Balsam apple) 

Carex sp. L.  (Sedge) - 
Scirpus americanus Pers. Common along p la ins '  waterways 

Sclrpus p a l l i d u s  ( B r i t t . )  Fern. Along sloughs and d i tches 

DIPSACACEAE 

Dipsacus s y l v e s t r i s  Huds., (Teasel) 

EQUISITACEAE 

Equisetum arvense L. ( F i e l d  Ho rse ta l l )  Also grows i n  Eurasia 

Equisetum hvemale L. ( T a i l  scouring rush) 

Equisetum laeviqatum A. Br .  (Scouring rush) 

EUPHORB l ACEAE 

Chamaesyce missur ica (Raf,)(Shinners) 

Euphorbia marqinata Pursh (Snow-on-the-mountain) Comnonly c u l t i v a t e d  
elsewhere. Monoecious. 

Euphorbia robusta (Engelrn.) (Small Rocky Mountaln Spurge) Monoecious 

GERANIACEAE 

Erodium c icutar ium (L.) L'Her, ( F i l a r e e l  One of the e a r l i e s t  f lower ing 
weeds. 

Geranium b i c k n e l l i i  B r i t t .  

Geranium - f r e n o n t i l  Tort., (Cormon Wild Geranium) 

GRAM 1 NEAE 

Aqropyron repens ( L . )  Beauv. (Quack-grass) 

Agropyron sm i th i i  Rydb. vat- Mol le (Scr1bn.b Smith) Jones (Wesiorn Wheatgrass) 

B r o s t i s  qiqantea Roth (Red top) 

A r r h e n a t h e 2  o l a t i u s  ( L . )  Mort .  d Koch ( T a l l  oat-grass) 

Avcna fa lua L.  (Wi ld Oats) -- ----- 

tbuPolotra grac i  1 i s  ( 1 I . R . K .  Lag. (Blue Groma) 



113. Bromus incrmis Layss (Smooth B r m l  

114. Uromus s t o r i  1 I s  L. (Poverty Brome) 

115. Bromus toctorum L. (Cheat-grass) Abundant I n  overgrazed or otherwise 
mlsmnaged range. Competes wlth nat i ve  grasses 

116. Cinna l a t i f o l i a  (Trov.) Grisob. (Drooping wood-reed) 

117; Dacty l i s  qlomerata L. (Orchard grass) Common lawn weed. 

118. Echinochloa c rus -qa i l i  (L.) Beauv. (Barnyard-grass) 

119. Elymus canadensis L. (Canada Wild-rye) 

120. Fostuca rubra L. (Red Fescue) 

Hordeum brachyantherum Nevski (Meadow bar ley)  

Hordeum qlaucum Steud (Eurasian weed1 common weed 

Hordeum .jubatum L. ( Foxta i I bar I ey) 

Hordeum pulsit fum Nut t .  ( L i t t l e  Bar ley)  Weed 

Koeler ia q r a c i l i s  Pers. (June grass) 

l4uhlenbecqia pungens Thurb. (Sandhi l l  Muhly) 

Muhienberq i a  racemosa (idichx. B.S.P. (Marsh Muh l y )  

Oryzopsis hymenoides (R. d S . )  Ricker ( Ind ian  r i c e  grass) Bunch gress 

Panicum capi l l a re  L. (Viitchgrass) 

Pha la r i s  arundinacea L. (Reed cbnary-grass) 

Phleum pratense L. (Timothy) 

Phragmites comunis T r i n .  Carr izo 

Poa p ra tens i s  L., (Kentucky blue-grass) introduced from Europe. COmfmnly - 
used f o r  lawns. 

134. - Poa t r i v i a l &  L. I n t ro .  frbm Europe 

135. Sporobolus cryptandrus (Torr . )  Gray (Sand dropseed) 

HYDROPHYLLACEAE 

136. Hydro phyl lum fend le r i  (Gray) Hel ler ,  (Waterleaf) Stamons s f rong ly  exserted 

137. Phacelia heterophyl la Pursh, (Scorplan Weed) 

l R l OACEAE 

138. iris missour iens is  blutt., ( L l i  I d  I r i s )  

139. Sisyrinchiurn --- montanum Groene (Blue-eyed-grass) 

J UNCACEAE 

140. Juncus a rc t i cus  Wi l ld .  ssp. a te r  (Rydb) Hul ten 

141. Juncus hufonius L. (Toad rush) Almost cosmopolitan dlstrlbution. 



, 

LAO l ATAE 

143. Leonurus cardiaca L. (Motherwort) 

144. Errubium vulqare L. (Common horehound) 

145. Mentha arvensis L .  ( F i e l d  mint )  

146. Montha spicata L.  (spearmint) Escapcd from gardens 

147. Monarda f i s t u l o s a  L. (Pink Sergamot) 

148. Nepcta c a t a r i a  L. (Catnip)  

I 149. Prunc l la  vu lqa r i s  L. (Sel f -heal)  

150. Teucrinum canadense L, (Germander) 

LEGUtl l NOSAE 

151. Astraqalus adsurgens Pa l las  vat .  robus t io r  Hook. i 

152. Glycyr rh iza lepidota (Nut t . )  Pursh. (Wi ld  l i c o r i c e )  

5 3 .  Lathyrus eucosmus But ters  d S t .  John (Purple Peavine) 

154. Lupinus arqenteus Pursh. (Common Lupine) 
7 

i 155. Medlcaqo sa t i va  L .  ( A l f a l f a )  

156, Me l i l o t us  a\ba Desr. (White Sweetclover) 

157. Me l i l o t us  o f f i c i n a l i s  (L.) Lam. (Yellow sweet-clover) Planted for forage, 
-eros ion con t ro l  and honey 

158. Thermopsis d ivar icarpa Neis. 

159. Thermopsis rhombi fo l ia  (Nui t . )  Rich (Golden Banner) 

160. T r i f o l i u m  f raq i ferum L., (Strawberry Clover)  I n t r o .  on lawns, g o l f  courses 

161. T r i f o l i u m  hybridum L. (A l s i ke  Clover) 

162. T r i f o l i u m  pratense L. (Red Clover)  

163. T r i f o l i u m  repens L. (White Dutch c lover )  F u l l y  natural ized.  

L l  LIACEAE 

164. A \  liurn qeyer i  Wats. (Wi ld  onion) 

165. Al l iurn cernuum Roth. (Wi ld onion) 
'r 

166. Asparaqus o f f i c i n a l i s  L. (Asparagus) Young stems edible. 

167. g l a c i n a  G e l l a t a  (i.1 Desf. (False solanan's Seal) Few-flowered 

168. Veratrum -- teniupeta lun Hel  l e r ,  (False Hellebore) 

169. Yucca glauca N u t t .  (Spanish Bayonet) 

170. Linum l e w i s i i  Pursh. (Wi ld f l a x )  

LOAS ACE A€ 

171. N o n t z c l i q  spt~ci05s Osterh. (Yellow awn ing-s ta r )  

MA l VACEAE 

172. Malva r o t u n d i f o l k  (Rare weed) 



173. Sphaeraicea coccinoa (Pursh) Rydb. (Copper mallow) 

OLEACEAE 

174. Fraxinus pennsylvanica Marsh (Green Ash) 

OWGRACERE 

175. Epi lob i  um qlandulosum Lehm. (Northern w i  l low-herb) 

176. Gaura p a r v i f  lora Oougl . ex Hook (Weed) 

177. Gayophytum d i f f u s u m  T. 8 G. ssp. parv i f l o rum H. Lewls d Szwaykowskl 

178. Gayophyturn racenosum T.  8 G. 
I 179. Oenothera s t r igosa  (Rydb.)  Mack. 8 eush. (Common evenfng Primrose) 

, . ORCH l DACEAE 

180. Cora l lorh iza maculata Raf.  (spotted cora l - root )  

181 . Good~eara ob lonq i f o I i a Ra f  . (Common r a t ?  lesnake-p I anta i n) 

182. Habenaria hyperborea (L.) R. BR. (Northern bog-orchid) 

OXAL l DACEAE 

183, Oxal ls  d i l l e n i l  Jacq (Wood s o r r e l )  Leaves and p e t i o l e s  have a pleasant 
sour t as te  

PAPAVERACEAE 

184. Arqemone polyanthemos (Fedde) G.B. Ownbey ( P r i c k l y  Poppy) 

PLANTAG l NACEAE 

185. Ptantaqo - I .  nceolata L. (Engl ish P lanta in)  

186. Plantaqo ma.ior L. (Common.plantaln) Abundant weed In lawns. Widely 
d:str ,buted i n  North ;\merica 

187. Plantaqo pataqonica Jacq. (Woody plantain) 

POLEMONIACEAE 

188. G i l i a  p i n n a t i f i d a  Nut t .  Var. calcarea Brand 

189. M ic ros te r i s  q r a c i l i s  (Dougl'.) Greene 

190. Phlox m u l t i f l o r a  A. Neis. (Common Phlox) 

POLYGONACEAE 

191. Erioqonum umbel latum Torr .  (Sulphur f lower)  

192. Polygonum rurivaqum Jordan (Dev i l ' s  Shoestrlngs) Wldely d i s t r l b u t o d  
i n  Nor th  America and Eurasia 

193. Rumox acatose l la  L. (Sheep so r re l )  

194. Rumex cr ispus L. (Cur ly dock) 

195. Rurwx s a l i f i c i f o l i u s  ssp. t r i a n q u l l r a l 1 s  Lcdob (Hillow dock) 

19'6. Notholacna fend tc r i  Kunzo (Zigzag cloak fern) 

PORTULPtCAEAE 

197. Portulaca oloracoa L. (Common purslsno) 



198. Clomat ls  I l g u s i i f o l i a  N u t t .  (Western V i r g i n ' s  bowor) Late s u m o r  bloomors 

199. Rani~nculus q laberr imus Hook. (Sagebrush but to rcup)  

200. Ranunculus repcns L. (Creeping but to rcup)  The double-f lowered b u t t e r -  
cup o f  gardens i s  a h o r t i c u l t u r a l  v a r i e t y  o f  t h i s  species. 

RESEDACEAE 

201. Reseda lu tea  L. ldignonette Flower unsyrnmotrically, stamens i n s e r t e d  
on one s i d e  o f  t h e  f lower .  

ROSACEAE 

202. P o t e n t i l l a  f i s s a  N u t t .  (Bushy C i n q u e f o i l )  

RUB l ACEAE 

203. Galium apar ine L.  (Goosegrass) Na tu ra l i zed  from Europe 

SCROPULARIACEAE 

204. L i n a r i a  dalmat ica (L.) M i l l .  (European weed) 

205. L i n a r i a  v u l q a r i s  M i l l ,  ( B u t t e r  and Eggs) Espec ia l l y  common around old 
dwe l l i ngs  and mine dumps. 

206. Penstemon alpinum Torr. (A lp ine  penstemon) 

207. Penstemon secud i f l o rus  8enth. (One-sided pensternan) 

208. Penstemon v i r e n s  (Pennel) 

209. Penstemon v i r q a i u s  

210. Verbascum b l a t t a r i a  L. (Moth M u l l e i n )  Along r a i l r o a d  fracks & overgrazed 
f i e l d s .  

211. Verbascum thapsus L.  ( G r e a t  M u l l e i n )  C m n  i n  grazed and burned areas. 

212. Veronica pers ica  P o i r  ( B i r d ' s  eye) Circumpolar) 

SOLANACEAE 

213. Solanum americanum M i l l .  (Nightshade) 

TY PHACEAE 

214. Typha l a t i f o l i a  L. (Broad-leaved a t t a i l )  Good b i r d  hab l ta f  
t 

UMBELL I FEW€ 

215. Alotes acaul i s  (Tort-. 1 C. 'd  R. (Mountain Caraway) 

216. Conium macula~urn L. (Poison-hemlock) The p l a n t  used i n  t h o  oxocu t ion  of 
socrates. Widely d i s t r i b u t e d  i n  Eurasia, A f r l c a ,  and N o r t h  America 

217. Harbourla t rachyp leura  (Gray) C, & R.(Whlskbroom Parsley) 

218. Oxypol is  fend lec i  (Gray) H e l l e r ,  (Coivbane) 



219. Pas t i  naca ---..- 53t i v a  L .  (Parsnip) 

VERBENACEAE 

220. Verbena -- bractcs- ta Lag.& Rodr. (Large Bractod Vervaln) 

221. Verbena s t r  i c t a  - Vent., (Woodly vervain) Common In badly overgrazed areas 

V I  OLACEAE 

222. V i o l a  adunca Smith (Mt. B l u e  V i o l e t )  

223. V i o  l  a neph-ro&yY& Grcene ( I3 l ue V i o l e t  

224. V i o l a  ruqlosa Greenc, (V io le t )  

ZYGOPHY LLACEAE 

225.  L r i b u l u s  t c r r c s t r i s  L .  (Puncture v lne )  


