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Stonefly (plecopterz ) and mayf (epheneroptera ) nymFhrcewrts viere %%keTf 

during t h e  spr3ig of 1970 a t  se lec ted  s i t e s  along lovrer South Boulder Creek 

near Boulder, Colorada. S i t e s  chosen were u.pstrem from t h e  term of l k r s k a l l  

and a t  s eve ra l  points fu r ther  dotr~stream betk~een Nurshal l  and Arapzhoe i!oad. 

';:he o p t i r I ~  pr~ductj.vit:r p a s  f ourid betvreen f:hrshall and South 3culdcr 302d. 

p u t  Dor..nnstrean frcn South Boulder Road pro2uctivit:r. decreased sharply. 

There Irere nany rg-gphs b-ct few xere  b r g e  enough t o  be coufited. ?roduc- 
1 

tivit:; continued t o  decrease fu r ther  d o ~ m  +Ae s t r m  u n t i l  no n~i11;hs coulc! 

be found. This d e c ~ e a s e  vizs a t t r i b u t e d  t o  an  above-o~tirr!um nu t r l en t  input ,  
4 

cliernical i n p i t ,  acd increased s i l t a t i c n .  A s t rong co r r e l a t i on -S rno t cd  

between t h e  s i z e  a d .  quant i ty  cf t r o u t  in t h e  stream end tlie r e s u l t s  of %he 

Introduction 

Stonefly (plecoptera 1 and m 3 ~ f l . y  (epherneroptera ) nymphs r e ~ u i r e  

r e l a t i v e l y  c l a n  acd vex1 oxJ-gemtea t o  l i v e .  Though the  water m u s t  

be r e l a t i v e l y  clcaa, nut.ri.e!?.l; i n p t s  i n t o  2 strezm will increase  it5 myf ly 



and stonefly producing capabili ty.  Small amounts of raw sewage and phos- 

phates a r c  among the  nutr ients  which increase productivity (Qthe r ,  1956). 

Heavy s i l t a t i o n  w i l l .  &per reproduction of s tonef l ies  and mayflies. P?ym~h 

counts provide a bas& fo r  interpret ing why strekch of stream i s  o r  i s  

not a t  optinu?~ productivity. In many cases an input of harmful pollut ion 

can be detected by nymph counts. Accurate stonefly and ma~f ly  n p p h  counts 

show a strong correlat ion between the number of nymphs present and the  

qual i ty  and quantity cf t rou t  present i n  a stream. This is  due t o  the  f a c t  C 
t h z t p  many streams stonefl ies  and mayflies a r e  a very inportant food. of 

t rou t  (Hoopes, 1960). South Boulder Creek i s  assumed t o  be an e m p l e  of 
f 

such a stream :due to )  the  predoninance of these insec t s  observed in the  

samples taken. 

>lethods and F i t  e r i a l s  

Nymphs were s y s t e m t i c a l l y  collected from an 8-mile sect ion of lover  

South Boulder Creek near Eoulder,Colorado. Points f o r  sampling were chosen 

vrhich best suited the purpose of interpret ing the  productivity of lower 

South Boulder Creek ( f ig .  1 ) .- ' The points chosen were ; a ) 2 'miles upstream 

fron the  torm of &!arshall, b )  1/4 mile downstream from Idarshall, c )  1/2 

mile downstream fron Fhrshall, d )  1/4 mile upstream from South Boulder %ad, 

e )  1/8 mile downstream frcm South Boulder Ftoad, f ) 1 /8 mile upstream f rorn 

Baseline &ad, g) 1/2 mile dovmstrean from Baseline Road, and h )  1/4 mile 

. upstrean from Arapahoe Road. 

A Surber stream sampler ( f ig .  2) was used f o r  the systematic col lect ion 

of stonefly and mayfly nymphs. The sampler's base i s  open and is one t en th  

of a square meter i n  area.. The sampler i s  open a t  tne f ron t  and the  s ides  



a r e  constructed frorn alwninum. The back i s  squzre and opens i ~ t o  a ne t  

I which r e t a in s  t h e  debr is  and i n sec t s  washed do~mst rean  i n t o  it. a ' Jhp~er-  

tare.  containers 3 1/2 iqchcs by 3 inches by 3 inches were used t o  ca r ry  

t h e  sam;)les collected.  k large shallotr pan with a light-colored bottom 

kI;?s used f o r  s o r t i n g  t he .nym~hs  from t h e  debris. Forceps were used t o  

pick t he  nymphs out of t h e  debr is .  A 70% a lcohol  so lu t i on  was used t o  
c d p-)(, 0 +- 

preserveL'the nymy:hs. 
/'-- 

The samples were taken in e a r l y  b y  of 1970 when t h e  s t r evn  ms s t i l l  

low and c lea r .  For t h i s  kind of sampling it is important t o  do t h e  f i e l d  
. < L ) p ,  - / ,  ,.y *ef; . 'v , - ;J? ,  .:c - 

work before runoff has starte'd. During runoff t h e  water l e v e l  is  t o o  high ha 
t o  obtain accurate  r e s u l t s  and t h e  water i s  t o o  murky t o  s ee  t h e  Sottom. 

Late s m e r  sampling does not give accurate  r e s u l t s  because many of t h e  

nymphs have molted t o  t h e i r  a d u l t  s t age  by then. 

A l l  samples were taken from t h e  faster sec t i ons  of t h e  s t r e m  ru'ilere 

xvmph l i f e  i s  most abundant. The samples tiere taken f r o 3  a water depth 

of nine t o  cle..ren iriches. Uniformity xas sought i n  t h e  s i z e  of rocks ins ide  

the.boundary of t h e  sampler. The rocks were general ly  about f i s t  s i z e .  

The sampler vas placed i n  t h e  s t ream facing i n t o  t h e  cur ren t  while t h e  

inves t iga tor  stood behind (downstream from) t h e  sampler. The rocks LT t h e  

boundary created by t he  sampler were picked up and washed in  the  cur ren t  
-' 

i n s ide  t h e  s a m ~ l e r .  Anything ~mshed  from the  rocks VE.S picked up by t h e  
0 YA 

cur ren t  and =shed i n t o  t h e  net .  Rocks toward t h e  back *the sampler were 

washed f irst  and those toward t h e  f ron t  were washed last. After  t h e  rocks 

were tmshed they  were p h c e d  t o  t h e  s i de  of t h e  sampler. 

After t h e  bottom within  t h e  bouda ry  of the 'sampler  had been c lea red  



the t a m ~ l e r  was renoved from the streim. The net was then carefu l ly  emptied 

in to  a container. Ten samples were trrlten from each samrle location and 
1 

k ie ldeda  bottom srea of one square meter. Three conkinelswere used t o  

r e t a in  the samples from each location. 
W C / I  + i.~f( l 

the  accumhted  debris bege -$kks -me  h e d i a t e l y  a f t e r  col l  e i t i o n  

because the  npphs  soon die,  making sor t ing  very d i f f i c u l t .  

The samples were sorted one container a t  a time t o  avoid complication 

of sor t ing by having too  much debris to.look through. The contents of 

a container were spread out on the bottom of the pan and water was added 

t o  a depth of about 1/2 inch. The w p h s  were then picked out of the pan 

with f o ~ c e c s  and placed i n  a clean container f o r  counting. The l i g h t  bottom 

of t'ne pan aided great ly  in making the n ~ ~ . ~ h s  eas ie r  t o  see. 0nly.those 

nymshs I-~hich had a t ta ined  2. ce r t a in  s i z e  were counieci aue t o  U i p r a c t i -  

c a l i t y  of counting a l l  of '  the nymphs in the sample. -myfly - -. - 
ny?a?hs l e s s  t h ~ n  1/4. inch long and stonefly nymphs l e s s  tban 1/2 inch 

!MP: Cr r)Ft r,,;,i.d 
long (neasurement does not include t a i l s  o r  antennae). Relative eskb&as 

A 4 :c! mtfi=% UQIQ 
A n m b c r s  of smaller q-myhs were- The data -recorded and those I F 
-2hs not saved fo r  preservation were released. This procedure was followed 

I a t  a l l  eight of the sample locations. 

From several p r io r  years of f l y  f ishing on lower South Boulder Creek, 

I during which several hundred t rout  Irere caught and released, estimates 

I Ireere made pertaining t o  the t rou t  species d&minance, quantity, and qual i ty  

of t h e  stream. 



Results and Discussion -. 
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t - '  The resu l t s  showed that nymph productivity was a t  an optinrum bet&&en /$,:;:a t/.'n, 

bhrshall and South Boulder Road. Upstream from !hrshaU there tras l e s s  ' ' 1  

then the optimum amcunt of nutr ient  mater ial  in t h e  stream. Do~mstream i 
/ 

\ 

from South Boulder- Road the  nut r ien t  content exceeded optimum amounts '\$ \., 
. ! . : .- 

and production dropped. A point was reached where production ceased entire157 , 7 :  
, T-: 

, . 
due t o  the high l eve l  of input of nut r ien ts  and other  substanses in to  t h e  

?\a\& \ / 
'k 

stream. ( ~ ' i g .  3:). Npph production can be in te rpre ted  as an index t o  the . - 1 - 

I 
t o t a l  productivity of the  stream, and i s  relevent t o  t r o n t  

product ion. 

The sample location 2 miles above ilkrshali  (sample s i t e  tlall) showed .+! 

d.. 
l e s s  than optimun productivity. This was interpreted a s  being due t o  a 

6l+ mayfly nym~hs were counted a t  t h i s  sample location. were only 

a few small unco~mtable n~?n?hs observed here. The stream i n  t h i s  section 

is f a s t ,  with many boulders and f is t -s ized rocks. The bottom i s  generally 

grakel with l i t t l e  s i l t a t i o n  not icable  . 
One quarter mile downstream f &  Phrshall (sample s i t e  "btt) the  number 

of s tonefly and mayfly nymphs increased greatly.  Twenty-one s tonefly nymphs 

and 103 xrayfly nynphs were counted. There were a l so  a few small uncountable 

nymphs. k t r i e n t s  a r e  apparently gained as the .  stream flows through 1;hrshall. 

A t  t h i s  location the stream takes on the form of a mandering pasture 

strean. & t t l e  grcze i n  the  pastures on both s ides  of the  s t r a  downstream 

from t h i s  point. The stream i s  f a s t  but curves and slows a t  la rge  deep 1 
pools .and runs. The bottom i s  gravel with f i s t - s ized  roclts. There i s  



l i t t l e  evidence of s i l t a t ion .  The bottom is more s1 ipne . r~  here, indicating 

an increased nutr ient  ava i l ab i l i t y  in t h e  stream. The increased .nutr ients  

available stimulate growth of algae and make t h e  rocks more s l ippery (E l l i s ,  

1937). 

One half  mile below  shall (sam3le ~ i t e ~ ~ c " )  29 s tonefly nymphs and 

119 mayfly nj-mphs were counted. This was the  highest count found a t -any  

location. This increase was interpreted as being due t o  the  added nutr ients  

from the wastes of the  c a t t l e  t h a t  graze on both s ides  of the  stream. 

The s t rean  conditions a r e  the  same a s  they a r e  a t  sample s i t e  "b". 

One quarter mile above South Boulder Road (sample s i t e  ) t he  number 

of nymphs counted dropped s l ight ly.  Wntr-six stonefly n~m.phs and 107 

mayfly nymphs were counted a t  t h i s  location. There were again a few small 

nymphs tha t  were not co~;lnted. This small decrease could be due t o . a  s l i g h t  

h c r e a s e  ixt nutr ients  t o  abave zn c p t k  lave1 from c a t t l e  - a s t e s  accumulated 

from the  last location 1 1/4 miles upstream.. The optirmun l e v e l  was assumed , 

t o  have been reached .between sanple s i t e  "cn and sample s i t e  I'dt1. Stream 

conditions were the  same JW except- t h a t  t he  stream 

hSd straightened somewhat. 

One eighth mile below South Boulder ~ m ' d  (sample s i t e  "elf) nymph pro- 

duction dropped drast ical ly .  . Three s tonefly nymphs here large encugh t o  be 

counted and 27 mayfly n~mphs were counted. There w r e  tlany small stonefly 

and mayfly njm~hs  a t  t h i s  location, yet the  biomhss of t h e  nymphs ms 

considerably less.  Upstream 2 few f e e t  a d i t ch  t h a t  ran through Boulder 

entered South Boulder Creek. A great deal  of s i l t  wasadded from t h i s  ditch. 
4' 

/'- Apparently t he  di tch .513o ad&c+a c h e m i ~ ~ ~  t o  the stream that e i ther  retarded 
'. 

nymph growth or  nade the s t rean  l e s s  inhabitable . t o  the  l a rge r  s t r a i n s  



of plecontera and ephe~neroptera, giving the  smaller s t r a i n s  the  edge in 
p b - :  f --y'~ c4 ' 

competition (Ccok and Moore, 1969). The &y conclusion i s  tha t  

the  di tch added a chemical which IVZS harraful t o  nymph bio:?ass production. 

I One eighth n i l e  'upstrem from Baseline &Ad (sample s i t e  "f") no 

I. stonefly nymphs of a countable size were found and 23 mayfly nymphs were 

couted.  There were a great  nary small stcnefly and mayfly n p ~ h s .  Stream 

1 conditions were the same here a s  a t  the  last s'ample s i t e  ("el1) 1 I/& miles 

upstreax except f o r  a greater  accumulation of silt. 

I C h e h l f n i l e d o w w t r e a m f r ~ ~ ~ s c l i n e ~ ~ d ( s a m p l e s i t e ~ g ~ ~ ) p r o d u c t i o n  

I had continued t o  decrease. _no stonef l y  nymphs scwsbd and only 
-;. 

17 mayfly n,pefis were counted. A t  this s i t e  thme-w~ only a few small 

I Lc/C i-c- 
stonefly and mayfly nym~h~~observed .  Here the  water was slo&r and there 

/ .  

were. l e s s  rccks fotmd- on the bottom. S i l t  and blaak mud ;ere present in 

D ,  great quantit ies.  L i t t l e  gravel  cculd be found, m k i q  reproduction nearly 

I impossible fo r  nymphs. Houses had replaced the pastures t h a t  had been along 

the' creek. 

I One quarter mile upstream from Arapahoe Road (sanple s i t e  I1ht1) no 

nymphs were present in the stream. Production had ceased completely. 

I A t  t h i s  f i n a l  s i t e  there were few rocks and no gravel. The bottom was almost 

en t i re ly  black mud and silt. 

A strong correlation between nymph production and the  s i z e  and quantity 

of t r o u t  r&s noted on laxer South Boulder Creek. I'rout above I4arshall 

ranged frcm i+ inches t o  12 k h e s  and averaged about 8 inches. . A r e l a t ive ly  I 
good population of rainbow t rou t  (%ho aairdneri)  exis ted upstream from . 

I Bhrshall. Between k r s h a l i  and South Boulder Road both rainborr t r o u t  and 



brown t rout  (Salmo t r u t t a )  were numerous and ranged from 4 inches t o  20 

inches. The average t rout  t.735 about 12 i ~ c h e s . i n  t h i s  sect ion of the stream. 

I Trout were ra re ly  caught dovmstrem from South Boulder EZortd and those caught J 
never exceeded 10 inches 'in len&$. These f indimgs. cor re la te  strongly 

I. ,with the nynph count study. 

I wish t o  extend special  thznks t o  David Nann of Boulder, Colorado, 

~dio introduced m s  t o  t h e  Sur 'ce~  stream sampling method and gave me valuable 

assistance in i n i t i a t i n g  my f i e l d  work. 
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I* . , 
Table 1 hta and Observcitions 

I Location s tonef ly  nynshsz: L: of m y f l y  n~.m$-ls'r Cbservations 

a ) 2 miles 
upstream 
f ron  
Ikrshll 

a heyyAi 
uncaiiritable 

a fel l  small 
uncountable 

t k  stream i s  
fast 4b.h l o t s  of 
boudders , nzin>7 
f i s t - s i z e  rocks, 
g rave l  bottom 

b.) 1/4 mile 
_.I_ 1 . , . -  

-- 
downstream 2 1 1 03 stream f a s t  ~ d t h  . j  i.: $..>-.. 

from 1 .. deep pools, 

I I k r s h a i l  a f&;..small a few small grave l  bottom, 
unc ouhtable uncountable f i s t - s i z e  rocks . 

I 
c )  1/2 r d l e  f - 

downstream 29 119 stream f a s t  with 7-G &,/ 

from deep pools, 
1:hrshall a fev>,,srlzll a few small gravel  botton. 

I uncountable uncountable f i s t  s i z e  rocks, 
/ 

nea- nn c . i r i ~ q  ,- 
--,"" d ) 1 /4 n i l e  r stream f a s t  with 

I upstream 26 f $ : /  1 07 deep pools. 
f r c m  . . gravel Scttoa, 
S. Boulder a f e l ~ ' ~ L l l  a few s r . ~ l l  f is t  s i z e  rccks, 
Road unc oydtsble uncountable meadows on s i d s s  

I ,,/ - e I 18 mile stream slcwer, . 
dotrnstrearn 3 " 7 27 f is t  s i z e  rocks 

1 from s p c e d  nore  
S .  Boclder . mw&Tf many small black silt ,  
h a d  uwxndtable uncountable meadows on s ide s  

1. ,/ f ) 1/8 mile stream slovrer , 
, x .' upstream 0 $ y;-u y 23 fewer rocks, 

from ? nore  silt  

I Base1ir.e many wgy -small many smll 
b a d  unc cuntable uncountable 

/* 

f k  " streain slow, 
downstream / pg)1'2*1e- 0 17 l e s s  rocks and 
from more silt  

I Baseline a fe~, /Lmll  a few small 
Road uncopntable uncountable 

very muddy and 
upstream 0 0 s i l t y ,  
from v - r y  few rocks 
jxapahce none present none present 
Road 

-x- number of nymphs which have reached a c e r t a i n  size in a square ~ e t e r  
of s t r e a n  bottom 




