
IX. ECOLOGICAL CONSIDERATIONS 

9.1 General 

Ecologica l  cons ide ra t ions  a r e  important  f o r  t h e  proper  design, construc- 

t i o n ,  maintenance and/or removal of d ivers ions .  

The fo l lowing  d i scuss ion  provides  c r i t e r i a  and gu ide l ines  f o r  eva lua t ing  

f a c t o r s  i n f luenc ing  t h e  eco log ica l  environment of  a mining area .  F i r s t ,  water 

q u a l i t y  and phys i ca l  c h a r a c t e r i s t i c s  a r e  descr ibed  ( S o i l  Conservation Serv ice ,  

1977),  t hen  s t ream s tudy  and i n v e s t i g a t i o n  procedures  a r e  b r i e f l y  considered 

and f i n a l l y  recommended r econs t ruc t ion  techniques  and cons ide ra t ions  a r e  given 

and t h e  p o t e n t i a l  sho r t -  and long-term e f f e c t s  of d ive r s ion  s t r u c t u r e s  a r e  

evaluated.  

9.2 Water Qual i ty  

Water q u a l i t y  i s  a l i m i t i n g  f a c t o r  f o r  f i s h  product ion and is an impor- 

t a n t  element i n  determining t h e  b i o l o g i c a l  community. The fo l lowing  items 

a f f e c t  f i s h  spec i e s  s u i t a b i l i t y ,  product ion,  and su rv iva l .  

1 .  Temperature i s  a n  important  phys i ca l  f a c t o r .  Summer water temperatures  
commonly vary a s  much a s  lo0 i n  a 24-hour per iod .  In  genera l ,  summer 
tempera tures  should be  between 50° and 70° f o r  cold-water spec i e s .  Egg 
ha t ch ing  success  i s  b e s t  f o r  t r o u t  between 4S0 and 5S0. Warm-water spe- 
c i e s  need summer temperatures  between 70° and 90°. 

Removal of shade t ends  t o  r a i s e  water temperatures  whi le  t h e  maintenance 
of vege ta t ion  f o r  shade may keep t h e  water  cooler .  Water temperatuare i s  
r a i s e d  when v e l o c i t y  and depth a r e  reduced. Water temperature may be 
a f f e c t e d  by r e l e a s e  of water  from upstream impoundments. 

2. Turb id i ty  caused by ino rgan ic  ma te r i a l ,  such a s  c l a y ,  i s  de t r imen ta l  t o  
f i s h  product ion.  Such m a t e r i a l  des t roys  spawning a r e a s  by sedimentat ion 
and reducing growth of bottom organisms. Adult f i s h  genera l ly  can 
wi ths tand  h igh  l e v e l s  of t u r b i d i t y  f o r  s h o r t  pe r iods  of t ime, bu t  pro- 
longed exposure may cause mor t a l i t y .  



I t  i s  r epor t ed  t h a t  t u r b i d i t y  a s  h igh  a s  245 mg/l i s  n o t  harmful t o  f i s h .  
In  f a c t ,  f i s h  t h r i v e  i n  water  wi th  t u r b i d i t i e s  t h a t  range over  400 mg/l 
and average 200 mg/l. T u r b i d i t i e s  of 3,000 mg/l a r e  cons idered  dangerous 
t o  f i s h  when maintained over  a ten-day period.  Trout  eggs were destroyed 
wi th  2,000 mg/l t u r b i d i t y  f o r  s i x  days. Symptoms of f i s h  s t r e s s  appear 
a s  t u r b i d i t y  approaches 20,000 mg/l; dea th  between 50,000 and 200,000 
mg/l. A t  t u r b i d i t i e s  caus ing  dea th ,  t h e  ope rcu la r  c a v i t i e s  were found t o  
be matted wi th  s o i l  and t h e  g i l l s  had a l a y e r  of s o i l  i n  them. 

Oxygen requirements  f o r  subsidence of  f i n g e r l i n g  and a d u l t  salmon and 
t r o u t  a r e  about  6 ppn d i s so lved  oxygen. Incubat ing  eggs r e q u i r e  a 
minimum of 8 ppm. Warm-water s p e c i e s  r e q u i r e  about  3 ppm. Water a t  o r  
n e a r  oxygen s a t u r a t i o n ,  f o r  i t s  temperature and e l e v a t i o n ,  i s  always 
s a t i s f a c t o r y .  Oxygen i s  p u t  i n t o  water  by d i r e c t  abso rp t ion  from t h e  
atmosphere, photosynthes is  of growing p l a n t s ,  and by tumbling a c t i o n  of 
s t ream o r  w a t e r f a l l s  and turbulence  generated a t  drop i n l e t s  o r  drop 
sp i l lways .  Turb id i ty ,  reduced flow, and nontumbling a c t i o n  reduce 
oxygen. 

Carbon d ioxide  i s  another  of  t h e  b a s i c  f a c t o r s  determining p r o d u c t i v i t y  
of waters .  It  i s  necessary i n  photosynthes is  and f o r  keeping minerals ,  
such a s  calcium, i n  so lu t ion .  High carbon d ioxide  l e v e l s  reduce t h e  ab i -  
l i t y  of f i s h  t o  t ake  up oxygen and t o  d ispose  of carbon d ioxide  from t h e  
body. Concentrat ions of carbon d ioxide  should be kep t  below 25 ppm. 

Carbon dioxide is p u t  i n  water  by d i r e c t  abso rp t ion  from t h e  atmosphere, 
decomposing o rgan ic  mat te r ,  and r e s p i r a t i o n  of p l a n t s  and animals.  It i s  
removed by photosynthes is ,  a g i t a t i o n  of water,  evapora t ion ,  and r i s e  of 
bubbles  from depths .  

pH i s  a measure of  t h e  a c i d  i n t e n s i t y  i n  water.  The s c a l e  of reading  i s  
from 0 t o  14. Optimum f i s h  product ion  l i e s  between 6.5 and 8.5. Values 
below 5 and above 9 a f f e c t  t h e  a b i l i t y  of f i s h  t o  t a k e  oxygen from t h e  
water  source. Water pH i s  changed i f  an  a c i d  l a y e r  of s o i l  i s  exposed i n  
s t ream bottom o r  s i d e s .  

Phys ica l  C h a r a c t e r i s t i c s  

These s t ream channel f e a t u r e s  a f f e c t  f i s h  product ion,  s p e c i e s  s u i t a b i l -  

i t y ,  and su rv iva l .  

1 .  Bottom m a t e r i a l  - The bottom m a t e r i a l  o f  a s t ream i s  important  from t h e  
s t andpo in t  of food product ion and n a t u r a l  spawning. The fo l lowing  y i e l d  
i n  grams of food p e r  square  f o o t  i n  terms of d i f f e r e n t  s t ream bottom 
m a t e r i a l s  has  been recorded: s i l t  - 3.07; cobble - 2.47; coa r se  g rave l  - 
1.51; f i n e  g r a v e l  - 0.93; and sand - 0.1. 

Coarse and f i n e  g r a v e l  beds i n  r i f f l e s  a r e  b e s t  f o r  t r o u t  t o  d e p o s i t  
t h e i r  spawn succes s fu l ly .  Most warm-water f i s h  spawn i n  sand o r  s i l t  
beds i n  water  l e s s  t han  t h r e e  f e e t  deep and with l i t t l e  o r  no cu r r en t .  



2 .  Water types  

R i f f l e  - Sect ion  of stream con ta in ing  g rave l  and/or rubble,  i n  which 
s u r f a c e  water  i s  a t  l e a s t  s l i g h t l y  t u r b u l e n t  and c u r r e n t  is s w i f t  
enough t h a t  t h e  s u r f a c e  of  t h e  g rave l  and cobble i s  kep t  f a i r l y  f r e e  
of  sand and s i l t .  

R i f f l e s  a r e  e s s e n t i a l  f o r  t r o u t  spawning and food product ion.  
R i f f l e s  should  occur  a t  i n t e r v a l s  equal  t o  every f i v e  t o  seven chan- 
n e l  widths.  The c u r r e n t  i n  t h e  r i f f l e  should be s w i f t  enough t o  
c a r r y  away sediment. The bed m a t e r i a l  i n  r i f f l e s  should be l a r g e r  
t h a n  i n  poo l s  s o  a s  t o  provide  f o r  a e r a t i o n  of  t h e  water. A water  
depth  of  s i x  inches  is  d e s i r a b l e .  

Pool - Sec t ion  o f  s t ream deeper and usua l ly  wider t han  normal wi th  
apprec iab ly  s lower c u r r e n t  t han  immediate upstream o r  downstream 
a r e a s  and posses s ing  adequate cover  ( s h e e r  depth o r  phys i ca l  
cond i t i on )  f o r  p r o t e c t i o n  of f i s h .  Stream bottom usua l ly  i s  a mix- 
t u r e  of s i l t  and coa r se  sand. 

Pools a r e  va luable  a s  r e s t i n g  and re fuge  a r e a s .  Some su r f ace  
f eed ing  i s  a l s o  done. 

F l a t  - Sec t ion  of  stream wi th  c u r r e n t  t o o  slow t o  be c l a s s e d  a s  
r i f f l e  and t o o  shallow t o  be c l a s s e d  a s  a pool.  Stream bottom 
usua l ly  composed of  sand and f i n e r  m a t e r i a l s  with coa r se  cobbles ,  
boulders ,  o r  bedrock occas iona l ly  ev ident .  

Cascades o r  bedrock - Sect ion  of  s t ream without  poo l s ,  t h e  bottom 
c o n s i s t i n g  p r i m a r i l y  of bedrock wi th  l i t t l e  cobble,  g rave l ,  o r  o t h e r  
such m a t e r i a l  p re sen t .  Current  u sua l ly  f a s t e r  t han  i n  r i f f l e s .  

3. Stream s i d e  vege ta t ion  - This  i tem p e r t a i n s  t o  t h e  r e l a t i o n  of vegeta- 
t i o n  t o  stream shade and f i s h  s h e l t e r .  Low shrubs and g ra s ses  provide 
shade f o r  sma l l  s t reams,  b u t  do not  over-shade them. Such vege ta t ion  
does no t  c l o g  s t reams by f a l l i n g  i n  t h e  water ,  and it provides  h id ing  
cover  f o r  f i s h  i f  allowed t o  hang over  t h e  bank i n t o  t h e  water.  

Trees  a r e  necessary f o r  shade a long  s treams over  30 f e e t  wide s i n c e  low 
shrubs  and g ra s ses  shade only a small p o r t i o n  of t h i s  width. 

An i d e a l  s i t u a t i o n ,  a long  smal l  s t reams,  i s  enough t r e e s  f o r  a e s t h e t i c  
purposes and low shrubs  and g ra s ses  provid ing  shade and cover.  Along 
l a r g e  s t reams,  t r e e s  f o r  about  40 pe rcen t  of t h e  s t ream l eng th ,  on both 
s i d e s ,  should be p r e s e n t .  There probably a r e  s i t u a t i o n s  where t h e  pre- 
sence of t r e e s  we l l  back from t h e  wa te r ' s  edge f u r n i s h e s  shade almost a s  
good a s  cornparabale ones c l o s e r  t o  t h e  stream. This  would be t r u e  espe- 
c i a l l y  on t h e  e a s t  s i d e  of north-south f lowing s tream and t h e  south  s i d e  
of  east-west  s t reams.  

4. V e l o c i t i e s  - Tole rab le  water v e l o c i t y  f o r  f i s h  i s  governed by s e v e r a l  
f a c t o r s ,  c h i e f l y  by t h e  s p e c i e s  of f i s h ,  s i z e  of f i s h ,  and t h e  d i s t a n c e  
and frequency of r e s t i n g  a reas .  Boulders, pools ,  d e f l e c t o r s ,  e t c .  pro- 
v ide  r e s t i n g  a r e a s .  



9.4 Stream Study and I n v e s t i g a t i o n  Procedures 

The o b j e c t i v e s  of any s t ream study should be c l e a r l y  de f ined  p r i o r  t o  

be ing  undertaken. Neglect of t h i s  e s s e n t i a l  p re l iminary  s t e p  may r e s u l t  i n  

f a i l u r e  t o  o b t a i n  c r i t i c a l  information o r  conversely i n  expendi tures  of 

need le s s  and was tefu l  amounts of t i m e ,  e f f o r t  and money. The major o b j e c t i v e  

of  s t u d i e s  designed f o r  s t ream l o c a t i o n  i s  t o  determine t h e  b i o l o g i c a l  com- 

munity p r e s e n t  w i t h i n  t h e  e x i s t i n g  s t reams,  and cond i t i ons  e x i s t i n g  wi th in  t h e  

s t ream t o  suppor t  t h e  community. 

This  w i l l  involve  one o r  more sampling s t a t i o n s  on t h e  s t ream system. 

Sampling may be occas iona l ,  perhaps a t  weekly, monthly, o r  even q u a r t e r l y  

i n t e r v a l s .  Sampling should  be designed t o  o b t a i n  q u a n t i t a t i v e  o r  q u a l i t a t i v e  

n a t u r e  and w i l l  u sua l ly  inc lude  phys i ca l ,  chemical and b i o l o g i c a l  data .  

I n v e s t i g a t i o n s  involv ing  t h e  d e f i n i t i o n  of  a  b i o l o g i c a l l y  a c t i v e  s t ream 

may n e c e s s i t a t e  t h e  sampling of t h e  t h r e e  b a s i c  stream h a b i t a t s  ( r i f f l e ,  pool ,  

r u n ) ,  i f  p r e sen t .  Study s i t e s  should be r ep re sen ta t ive  of t h e  s t ream a r e a s  

most l i k e l y  t o  be a f f e c t e d  o r  impacted by mining a c t i v i t y .  Stream condi t ion  

must be considered s i n c e  unusual  s t ream cond i t i ons  such a s  h igh  water  can make 

b i o l o g i c a l  sampling i m p r a c t i c a l  and/or l e a d  t o  erroneous conclus ions  based on 

l i m i t e d  o r  incomplete samples. Extremely low water  s t a g e s  can a l s o  make t h e  

r e s u l t s  of  sampling e f f o r t s  of  l i m i t e d  value. In  genera l ,  i n  t h e  Eastern Coal 

Province t h e  g r e a t e s t  measurable a q u a t i c  i n v e r t e b r a t e  family d i v e r s i t i e s  w i l l  

b e  found i n  l a t e  s p r i n g  and summer. For a  long-term b i o l o g i c a l  survey program 

i t  i s  b e s t  t h a t  c o l l e c t i o n s  be made a t  l e a s t  once du r ing  each of t h e  annual 

seasons . 
The s e r i e s  approach i s  used  t o  document water  q u a l i t y  and b i o l o g i c a l  

changes throughout  a  reach  of r i v e r  o r  stream. The p a t t e r n  of changing 

q u a l i t y  r e f l e c t e d  by t h e  r e l a t i o n s h i p  among t h e  s e v e r a l  s t a t i o n s  is  more 

important  t han  t h e  i s o l a t e d  b i o l o g i c a l  o r  physiochemical q u a l i t y  a t  any one 

s t a t i o n .  The assessment  of t h e  r e l a t i o n s h i p  among t h e  s t a t i o n s  t h e r e f o r e  

depends on t h e  c o l l e c t i o n  of  d a t a  r e p r e s e n t a t i v e  of  t h e  s t ream a t  each 

s t a t  ion. 

Establ ishment  of s i t e s  t h a t  a r e  phys i ca l ly  s i m i l a r  i s  des i r ab l e .  

However, when d i s s i m i l a r  s i t e s  a r e  t o  be compared, c a r e  should  be taken  s o  

t h a t  d a t a  comparisons do n o t  l e a d  t o  f a l s e  conclus ions  concerning t h e  b io logi -  

c a l  c o ~ n i t i e s  occu r r ing  i n  t h e s e  s tudy s i t e s .  The es tab l i shment  of  one o r  



more c o n t r o l  s t a t i o n s  can a l l w  f o r  t h e  comparison of water and b i o l o g i c a l  

q u a l i t y  above and below t h e  p o i n t  of a l t e r a t i o n s .  A c o n t r o l  s t a t i o n  upstream 

of t h e  source  of  impact i s  a s  important a s  t h e  s t a t i o n s  w i t h i n  o r  below t h e  

impact a r e a  and should be chosen wi th  equal  c a r e  t o  ensure  r e p r e s e n t a t i v e  

r e s u l t s .  The d i s t a n c e  between t h e  sampling s i t e s  should be s u f f i c i e n t  t o  per- 

m i t  a c c u r a t e  measuremnt of  p o t e n t i a l  changes. 

Bridges should be avoided when sampling f o r  bottom organisms. Benthic 

popula t ions  may have been a l t e r e d  o r  des t royed  by br idge  cons t ruc t ion  a c t i v i -  

t i e s .  In add i t i on ,  t h e  p h y s i c a l  environment of t h e  s t ream nea r  br idges  i s  

o f t e n  a l t e r e d  and may be unrepresenta t ive  of t h e  s t ream i n  genera l .  I f  

sampling n e a r  a br idge  i s  necessary,  then  it should  be l i m i t e d  t o  t h e  upstream 

s ide .  Bridges f r equen t ly  shade t h e  s t ream beneath them and reduce l i g h t  expo- 

s u r e  and pene t r a t ion .  

A survey s h e e t  has  been inc luded  i n  Appendix E s o  t h a t  t h e  i n v e s t i g a t o r  

may accu ra t e ly  and concise ly  document t h e  phys i ca l ,  chemical and b i o l o g i c a l  

p r o p e r t i e s  observed a t  each sampling s i t e  o r  l o c a l i t y .  De ta i l ed  i n s t r u c t i o n s  

and sugges t ions  f o r  completing t h e s e  survey s h e e t s  a r e  a l s o  included s o  t h a t  

some cons is tency  might be ob ta ined  when d a t a  a r e  recorded by' t h e  user .  

Ind iv idua l  survey s h e e t s  a l low t h e  i n v e s t i g a t o r  t o  r eco rd  t h e  p r e c i s e  s t ream 

cond i t i ons  a t  each s t a t i o n  o r  s i t e  a t  t h e  t ime of survey. The f i e l d  s h e e t s  

can  be used t o  document, i n  a comparative manner, t h e  changes t h a t  occur  from 

s i t e  t o  s i t e  a t  any given sample d a t e  o r  a t  one s i t e  over  a n  extended t ime 

per iod .  Addi t iona l ly ,  t h e  l a t e s t  a v a i l a b l e  r e f e rence  on a c t u a l  sampling tech-  

n iques  has  been dup l i ca t ed  and p laced  i n  Appendix E f o r  ready re ference .  

9.5 Reconstruct ion 

I f  a s t ream must be r e loca t ed ,  va r ious  s t ream improvement techniques  may 

be  employed t o  c r e a t e  s u i t a b l e  h a b i t a t s  f o r  t h e  d e s i r e d  f i s h  spec i e s .  Many 

t y p e s  of devices  may be i n s t a l l e d  t o  produce more f avo rab le  cond i t i ons  f o r  

f i s h  production. They may be c l a s s i f i e d  a s  ( 1  ) dams, ( 2 )  d e f l e c t o r s ,  and 

( 3 )  covers .  Small dams may be b u i l t ,  c r e a t i n g  ponds behind t h e  dams and deep 

h o l e s  on t h e  downstream s i d e .  The dams a r e  genera l ly  cons t ruc t ed  of l ogs ,  

boulders ,  and rocks ,  o r  s t i c k s  and sod, depending on t h e  s t ream condi t ions .  

The eco log ica l  disadvantages of damming a r e :  ( 1  ) t h e  water  i s  exposed t o  

warming, (2) sand may f i l l  i n  t h e  poo l  above, and ( 3 )  f i s h  movement may be 

blocked. Crea t ion  of ponds i n c r e a s e s  t h e  space of t h e  a q u a t i c  h a b i t a t  and 



provides  r e s t i n g  p l a c e s ,  whi le  formation of  deep ho le s  a l lows  f i s h  t o  surv ive  

seve re  w i n t e r s  and dry p e r i o d s  (F igu re  9.1 1 .  Gard (1961 found t h a t  s u i t a b l e  

t r o u t  h a b i t a t  could  be  c r e a t e d  by t h e  placement of dams i n  a C a l i f o r n i a  

stream. Saunders and Smith (1 962) used dams, d e f l e c t o r s ,  and s h e l t e r s  t o  pro- 

v i d e  more h i d i n g  p l a c e s  f o r  young t r o u t  i n  a s t ream on P r ince  Edward Is land .  

D e f l e c t o r s  a r e  p a r t i a l  b a r r i e r s  which a c c e l e r a t e  and d i r e c t  t h e  c u r r e n t ,  

c r e a t i n g  bo th  l o c a l  scour  and depos i t ion .  The d e f l e c t o r  con f ines  t h e  flow t o  

a narrower channel,  caus ing  a long, deep ho le  t o  be scoured. By narrowing and 

deepening t h e  channel,  overhea t ing  i s  prevented. The a c c e l e r a t e d  c u r r e n t  

exposes t h e  g r a v e l  s u b s t r a t e  r equ i r ed  f o r  t r o u t  spawning and washes f i n e r  par -  

t i c l e s  t o  q u i e t  waters ,  where they  s e t t l e .  Weed beds t e n d  t o  form i n  t h e s e  

si l t  depos i t s ,  p rovid ing  food and s h e l t e r  f o r  young f i s h .  S h e t t e r  e t  a l .  

(1949) descr ibed  d e f l e c t o r s  used  t o  improve t r o u t  h a b i t a t  i n  a Michigan 

stream. He used r e c t a n g u l a r  l o g  c r i b s  f i l l e d  wi th  g rave l ,  s o i l ,  and sod and 

anchored i n t o  t h e  bank a t  a 350-45O angle  from t h e  downstream bank. 

Def l ec to r s  must be s t r a t e g i c a l l y  l oca t ed  and angled  p rope r ly  t o  i n s u r e  t h a t  

they  w i l l  e f f e c t i v e l y  d i r e c t  t h e  c u r r e n t  t o  produce t h e  d e s i r e d  scour  and 

depos i t ion .  Various d e f l e c t o r  des igns  inc lude  wing d e f l e c t o r s ,  V-def l e c t o r s ,  

Y-deflectors,  I -de f l ec to r s ,  A-deflectors ,  and underpass d e f l e c t o r s  (Hubbs e t  

a l .  , 1932) . Tarzwell (1  937) q u a n t i f i e d  h a b i t a t  improvement r e s u l t i n g  from 

d e f l e c t o r s  p l aced  i n  s i x  Michigan s t reams.  He found t h e  fo l lowing  improve- 

ments i n  t r o u t  h a b i t a t :  ( 1 )  i nc reased  number and depth of poo l s ,  

( 2 )  i nc reased  a q u a t i c  h a b i t a t  due t o  increased  poo l  width, ( 3 )  exposed g rave l  

f o r  t r o u t  reproduct ion,  ( 4 )  r i f f l e  a r eas ,  (5 )  submerged p l a n t  beds, and 

( 6 )  mucky areas .  The d e f l e c t o r s  c r e a t e d  a more d i v e r s e  s u b s t r a t e  capable of 

producing a l a r g e r  q u a n t i t y  o f  food organisms. "Food product ion  i n  a sandy 

s e c t i o n  may be  inc reased  by a d e f l e c t o r  which uncovers g r a v e l  and produces 

mucky a r e a s  f o r  p l a n t  beds," (Tarzwell ,  1937 ) . 
Good cover  i s  r equ i r ed  t o  o f f e r  t h e  f i s h  h id ing  p l a c e s  and r e s t i n g  p l a c e s  

s h e l t e r e d  from t h e  c u r r e n t .  Cover devices  can be designed t o  c a t c h  n a t u r a l l y  

d r i f t i n g  d e b r i s ,  t h u s  enhancing t h e i r  e f f e c t i v e n e s s .  Undercut banks and sub- 

merged t a n g l e s  of roo t s ,  brush,  o r  limbs provide  good cover.  Some types  of 

cover  a r e  e s p e c i a l l y  designed t o  p r o t e c t  e r o d i b l e  banks a s  w e l l  a s  t o  provide  

f i s h  cover. A boom cover i s  such a s t r u c t u r e  and i s  designed t o  p r o t e c t  t h e  

o u t s i d e  bank of a bend whi le  c r e a t i n g  f i s h  cover. A boom cover  c o n s i s t s  of 

o l d  logs  and stumps f l o a t i n g  behind a f i x e d  l o g  b a r r i e r  and p l aced  a t  t h e  out-  
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Figure 9.1. Channel segment with pond, r i f f l e ,  pool layout  
( f r o m  S o i l  Conservation Service,  1977) .  



s i d e  of a  bend. Seve ra l  o t h e r  t ypes  of s t r u c t u r e s  used f o r  cover inc lude  t h e  

bend r a f t ,  t h e  bank cover ,  l o g  p la t forms,  t h e  t eepee  cover,  b r idge  covers ,  

b rush  s h e l t e r s  w i t h i n  t h e  stream, and overhanging s h e l t e r s .  Hubbs e t  a l .  

(1932) d i s c u s s e s  t h e  c o n s t r u c t i o n  and use  of a  v a r i e t y  of d i f f e r e n t  s t ream 

improvement devices .  P l a n t i n g  of  s t reamside  shrubs  and t r e e s  a l s o  develops 

s t ream cover  and p r o t e c t i v e  shade. Figure 9.2 i l l u s t r a t e s  some of t h e s e  

concepts .  

Research has  been conducted t o  determine t h e  success  of s t ream recon- 

s t r u c t i o n  a f t e r  rechannel ing  a  t r o u t  s t ream i n  Pennsylvania (Brad t  and 

Wieland, 1978).  Rechannel izat ion of t h e  s t ream was r equ i r ed  fo l lowing  highway 

cons t ruc t ion  i n  t h e  s t r eam ' s  v i c i n i t y .  Reconstruct ion e f f o r t s  included: (1 ) 

i n s t a l l a t i o n  of gabions t o  narrow and deepen t h e  bed, ( 2 )  placement of l a r g e  

rocks  and sma l l  dams t o  d i v e r s i f y  t h e  s u b s t r a t e ,  and ( 3 )  p l a n t i n g  of t r e e s ,  

shrubs,  and ground cover  a long  t h e  banks. The au tho r s  concluded "It is 

p o s s i b l e  t o  r e s t o r e  a  s t ream a f t e r  it has  been rechanneled, bu t ,  even wi th  t h e  

most i n t e n s i v e  e f f o r t s ,  it w i l l  t a k e  t e n  t o  twenty yea r s  be fo re  t h e  streambed 

w i l l  aga in  be shaded. Rechannel izat ion should  be  pursued only a s  a  l a s t  

r e s o r t ,  because of t h e  l eng th  of  t h e  recovery time. When it i s  abso lu t e ly  

necessary  t o  damage e x i s t i n g  s t ream ecosystems it must be kep t  i n  mind t h e  

amount of t ime, e f f o r t ,  and money involved i n  s t ream r e s t o r a t i o n  and t h e  many 

y e a r s  t h a t  must p a s s  be fo re  t h e  s t ream ecosystem w i l l  recover  from t h e  

damage. " (Bradt  and Wieland, 1978. ) 

9.6 Conclusion 

T o  conclude, i f  a  p e r e n n i a l  o r  i n  some cases  an  i n t e r m i t t e n t  s t ream must 

be  r e l o c a t e d  and r econs t ruc t ed ,  a  combination of stream improvement techniques  

should be used t o  r e s t o r e  t h e  s t ream h a b i t a t .  The e c o l o g i c a l  and engineer ing  

techniques  employed depend on t h e  s p e c i f i c  s t ream involved, such a s  t h e  bed 

and bank ma te r i a l ,  w in t e r  i c e  cond i t i ons ,  f looding,  and t h e  s p e c i e s  f o r  which 

t h e  management i s  be ing  designed. Se l ec t ion  and placement of h a b i t a t  improve- 

ment devices  must be  c a r e f u l l y  planned f o r  maximum e f f e c t i v e n e s s .  

Most s t a t e  game and f i s h  agencies  have gu ide l ines  f o r  s t ream improvement 

and r e s t o r a t i o n .  A p a r t i a l  l i s t  of r e f e rences  and handbooks covering t h i s  

s u b j e c t  i s  given i n  Sec t ion  9.7. 



Figure 9.2. Fish habitat development (from 
Soil Conservation Service, 1977). 
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