
Water Quality
Monitoring
Technical Guide Book

THE
OREGON
PLAN for
Salmon and
Watersheds

July 1999



W
at

er
 Q

ua
lit

y 
M

on
it

or
in

g:
 T

ec
hn

ic
al

 G
ui

de
 B

oo
k

July 1999



O regon  P lan  fo r S a lm on  an d  W atersh eds

W a ter  Q u a lity  M o n ito r in g

G u id eb o o k



Version 2.0 i Water Quality Monitoring Guidebook

O regon P lan for Salm on and W atersheds

W a ter  Q u a lity  M o n ito r in g  G u id eb o o k

U n d e rsta n d in g  th e  sta tu s a n d  tre n d s in  n a tiv e  fish  p o p u la tio n s a n d  th e  stre a m  a n d  la n d sc a p e  c o n d itio n s th a t a ffe c t
th e m  a re  e sse n tia l to  th e  su c c e ss o f th e  O re g o n  P la n  fo r S a lm o n  a n d  W a te rsh e d s (O P S W ).  H a v in g  a  sta n d a rd  to o l
th a t h e lp s lo c a l g ro u p s, a g e n c y  p e rso n n e l a n d  o th e rs d e te rm in e  th e se  tre n d s a n d  c o n d itio n s in  a  c o n siste n t a n d
v e rifia b le  wa y  is  a lso  e sse n tia l.   T h e  u se  o f s ta n d a rd  m o n ito rin g  te c h n iq u e s p ro v id e s th e  p u b lic  w ith  su c h  a  to o l.

T h e  d a ta  c o lle c te d  th ro u g h  m o n ito rin g  c a n  b e  u se fu l fo r d e v e lo p in g  p la n s to  re sto re  a n d  p ro te c t a  s tre a m 's
b io lo g ic a l c a p a c ity , a s we ll a s d e te rm in in g  wh e th e r c o m p le te d  re sto ra tio n  p ro je c ts  a c h ie v e d  th e ir  in te n d e d  g o a ls .
W a te rsh e d  c o u n c ils  a n d  o th e r lo c a l g ro u p s p la y  a  c ritic a l ro le  in  id e n tify in g  th e  c a u se s o f d e c lin e  in  a  s tre a m ’ s
a b ility  to  su p p o rt sa lm o n  a n d  tro u t p o p u la tio n s a n d  o th e r b e n e fic ia l u se s, a s we ll a s d o c u m e n tin g  re su lts  o f
re sto ra tio n  p ro je c ts .  T h e  p u rp o se  o f th is  g u id e b o o k  is  to  p ro v id e  te c h n ic a l g u id a n c e  so  wa te rsh e d  c o u n c ils  a n d
o th e r v o lu n te e rs m a y  a c h ie v e  th e ir  re sto ra tio n  g o a ls  a s p a rtn e rs in  th e  O P S W .

M a n y  d iffe re n t a g e n c ie s, v o lu n te e r g ro u p s, a n d  p riv a te  c itize n s a re  in v o lv e d  in  d a ta  c o lle c tio n , so  h a v in g  a
c o n siste n t m e th o d  is  im p o rta n t.  T o  a ssist in  c o lle c tin g  c o n siste n t a n d  a c c u ra te  d a ta , th e  O P S W  W a te r Q u a lity
M o n ito rin g  T e a m  h a s p re p a re d  g u id e lin e s to  m e a su re  wa te r q u a lity .   T h e se  g u id e lin e s a re  d e sig n e d  fo r u se  b y
in d iv id u a l la n d o wn e rs, wa te rsh e d  c o u n c ils ,  o th e r c itize n  g ro u p s, a n d  a g e n c y  p e rso n n e l.  T h e se  g u id e lin e s
c o m p le m e n t th e  G W E B  W a te rsh e d  A sse ssm e n t M a n u a l (N E S , 1 9 9 9 ).

T h e  O re g o n  W a te rsh e d  A sse ssm e n t M a n u a l p ro v id e s a  g u id e  fo r c h a ra c te rizin g  c o n d itio n s in  lo c a l wa te rsh e d s a n d
p ro v id e s a  stro n g  b a se  fo r id e n tify in g  sp e c ific  re sto ra tio n  a n d  p ro te c tio n  o p p o rtu n itie s  a n d  m o n ito rin g  n e e d s.  T h e
m o n ito rin g  te c h n iq u e s, o r "p ro to c o ls ,"  p re se n te d  in  th is  g u id e  d e sc rib e  th e  ste p s u se d  fo r o b ta in in g  sp e c ific ,
fie ld -b a se d  d a ta  a b o u t wa te r q u a lity .   T h e  W a te rsh e d  A sse ssm e n t M a n u a l se rv e s a s a  b ro a d  d ia g n o stic  to o l.  T h e
W a te r Q u a lity  M o n ito rin g  G u id e b o o k  is  a  v e rific a tio n  to o l th a t c a n  b e  u se d  to  re fin e  th e  p u b lic 's  u n d e rsta n d in g
a n d  d ia g n o sis  o f wa te rsh e d  a n d  wa te r q u a lity  c o n d itio n s.

T h e  in itia l c h a p te rs p ro v id e  b a c k g ro u n d  in fo rm a tio n , m o n ito rin g  stra te g ie s a n d  wa y s to  d e v e lo p  a  m o n ito rin g
p la n .  A lso  e x p la in e d  in  th e se  c h a p te rs a re  c rite ria  fo r se le c tin g  m o n ito rin g  site s , d a ta  q u a lity  g u id e lin e s, a n d
m e th o d s to  s to re  a n d  a n a ly ze  wa te r q u a lity  d a ta .  R e fe re n c e s a n d  c o n ta c ts  a re  p ro v id e d  in  e a c h  c h a p te r to  o b ta in
m o re  d e ta ile d  o r u p -to -d a te  in fo rm a tio n .  T h e  su b se q u e n t c h a p te rs p ro v id e  p ro to c o ls  fo r m o n ito rin g :

_ stre a m  te m p e ra tu re
_ d isso lv e d  o x y g e n
_  p H
_ c o n d u c tiv ity
_ n itro g e n /p h o sp h o ru s c o n c e n tra tio n

_ tu rb id ity
_ m a c ro in v e rte b ra te s
_ p e stic id e s a n d  to x ic  c h e m ic a ls

E a c h  o f th e se  p ro to c o l c h a p te rs is  d e sig n e d  to  b e  a  sta n d -a lo n e  d o c u m e n t th a t p ro v id e s b a sic  m o n ito rin g
te c h n iq u e s fo r th a t p ro to c o l.  In fo rm a tio n  o n  a d d itio n a l re fe re n c e s is  a lso  p ro v id e d  in  e a c h  c h a p te r.  H o w e a c h
in d iv id u a l, g ro u p , o r a g e n c y  wo rk s th ro u g h  th e se  p ro to c o ls  w ill  d e p e n d  o n  th e ir  te c h n ic a l b a c k g ro u n d ,
e x p e rie n c e , a n d  wh a t re su lts  th e y  h o p e  to  a c c o m p lish .  H o we v e r, th e se  p ro to c o ls  wo rk  b e st wh e n  in te g ra te d  w ith
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th e  wa te r q u a lity ,  p h y sic a l h a b ita t,  wa te rsh e d  a sse ssm e n t, a n d  o th e r m o n ito rin g  p ro to c o ls  d e v e lo p e d  a s p a rt o f th e
O P S W .  T h e y  m a y  a lso  b e  u se fu l in  a sse ssin g  wa te r q u a lity  in  wa te rsh e d s wh e re  S e n a te  B ill  1 0 1 0  p la n s, T o ta l
M a x im u m  D a ily  L o a d  (T M D L ) a sse ssm e n ts o r so u rc e  a re a  a sse ssm e n ts u n d e r th e  S a fe  D rin k in g  W a te r A c t a re
d e v e lo p e d .

A n  a d d itio n a l b e n e fit  in  fo llo win g  th e  m a n u a l's  re c o m m e n d a tio n s is  p ro v id in g  c re d ib le  d a ta  fo r a  s ta te -w id e
d a ta b a se .  T e c h n iq u e s fo r c a lib ra tin g  in stru m e n ts, se le c tin g  a p p ro p ria te  s ite s , a n d  m a n a g in g  d a ta  a re  in c lu d e d  in
th e  g u id e b o o k  a n d , if  u se d , w ill  h e lp  a g e n c y  p e rso n n e l d e v e lo p  su c h  a  d a ta b a se .  T h e  d a ta b a se  wo u ld  e v e n tu a lly
su p p o rt th e  O P S W ’ s e ffo rt to  re sto re  a n d  p ro te c t f ish  h a b ita t a n d  wa te rsh e d  h e a lth  th ro u g h o u t O re g o n .  B u t th e
re a l v a lu e  in  u sin g  th e  m o n ito rin g  te c h n iq u e s d e sc rib e d  in  th is  m a n u a l is  p ro v id in g  wa te rsh e d  c o u n c ils  a n d  o th e r
lo c a l v o lu n te e rs w ith  re lia b le  m e th o d s fo r m o n ito rin g  wa te r q u a lity  in  n e a rb y  stre a m s wh ic h  th e y  c a n  th e n  u se  to
m a k e  th e ir  o wn  a sse ssm e n ts.  A c c u ra te  m o n ito rin g  d a ta  c a n  h e lp  in fo rm  lo c a l d e c isio n s a b o u t h o w to  b e st m a n a g e
fo r fish  a n d  wa te rsh e d s.

T h e  p a rtic ip a tio n  o f lo c a l c itize n s in  th is  e ffo rt is  e sse n tia l.   C o rre c tly  c o lle c te d  d a ta  is  u se fu l to  la n d o wn e rs,
c o n c e rn e d  c itize n s, a n d  a g e n c y  p e rso n n e l.  P o o rly  c o lle c te d  d a ta  o f u n k n o wn  q u a lity  c a n  re su lt in  lo ss o f t im e  a n d
m o n e y .  I t  is  th e  in te n t o f th is  g u id e b o o k  to  sh a re  d a ta  c o lle c tio n  te c h n iq u e s th a t w ill  h e lp  e v e ry o n e  wo rk  to wa rd  a
so lu tio n  to  re sto re  fish  p o p u la tio n s.  W h ile  c o n ta c ts  fo r e q u ip m e n t m a n u fa c tu re rs a n d  m o d e ls  o f in stru m e n ts a re
d isc u sse d  in  th is  g u id e b o o k , th e se  re fe re n c e s d o  n o t c o n stitu te  a n  e n d o rse m e n t o f a n y  p ro d u c t.

C redits
T h is set of p rotocols  w a s d evelop ed  by a  W a ter Q u a lity M on itorin g  T ea m  form ed  d u rin g  th e  O P S W  M on itorin g
P la n  S cop in g  S ession s (Ja n u a ry 1 9 9 7 ).  T h e w ork  g rou p  w a s m a d e u p  of rep resen ta tives from  th e U n ited  S ta tes
E n viron m en ta l P rotection  A g en cy (E P A ), U n ited  S ta tes B u rea u  of L a n d  M a n a g em en t (B L M ), O reg on  D ep a rtm en t
of A g ricu ltu re  (O D A ), O reg on  D ep a rtm en t of E n viron m en ta l Q u a lity (D E Q  ), O reg on  D ep a rtm en t of F orestry
(O D F ), N a tion a l C ou n cil of th e  P a p er In d u stry for A ir a n d  S trea m  Im p rovem en t (N C A S I), B oise  C a sca d e
C orp ora tion , a n d  th e  M id -C oa st W a tersh ed  C ou n cil.   K ey con tribu tors  to  th ese  g u id elin es in clu d ed : D r. G eorg e Ice ,
L iz  D en t, Jen n y W a lsh , R ick  H a fele , D a ve W ilk in son , L a n a  B rod z ia k , L a rry C a ton , T ra vis  H u n t, E llen  H a m m on d ,
a n d  P a u l M ea seles.  T h e p rotocol re lies  h ea vily on  p rotocols  d evelop ed  by th e  O reg on  D ep a rtm en t of
E n viron m en ta l Q u a lity (D E Q   1 9 9 6 ) a n d  th e O reg on  D ep a rtm en t of F orestry (O D F ).  V a lu a ble  review  com m en ts
on  ea rlier  d ra fts  w ere  received  from  K en  B ierly, D r. B ob B esch ta , D r S h erri Joh n son , D r. B ill  B ra u m w orth , D r.
A la n  H erlih y, S u e M a u g er, S tep h a n ie  G u n ck el,  K ristop h er W rig h t,  A n d rew  T a la bere , G eoffrey H a bron , C h ristia n
T org erson , D a n a  H ick s a n d  oth ers . T h eir  recog n ition  in  n o  w a y in d ica tes a n  en d orsem en t of th is  g u id ebook .
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C h a p te r  1

B ack grou n d

M a ny fa ctors  influ ence th e h ea lth  of a q u a tic
ecosystem s a nd th e pla nt a nd a nim a l life  th a t
depend on th em .  T h ese fa ctors  inclu de ph ysica l
h a b ita t, r ipa ria n fu nction, w a ter  q u a ntity ,
w a tersh ed h ea lth , a nd w a ter  q ua lity .  T h is
gu ideb ook focu ses on m eth ods for  m onitor ing w a ter
q u a lity .

M onitor ing involves a  ser ies  of ob serva tions,
m ea su rem ents , or  sa m ples  collected a nd a na lyz ed
over tim e.  W a ter  q u a lity  va ries  na tu ra lly  w ith
loca tion a nd tim e.  F or ex a m ple: th e h ea dw a ters  of
s trea m s a t h igh  eleva tion tend to  b e cooler  th a n
w ide strea m s a t low er eleva tions; sola r  ra dia tion
influ ences s trea m  tem pera tu re flu ctu a tions
th rou gh ou t th e da y; na tu ra l differences in  clim a te
a nd th e r ipa r ia n vegeta tive cover  ca u se differences
in s trea m  tem pera tu re.  D istu rb a nces su ch  a s fires ,
w indth row  or  even deb ris  torrents  ca n influ ence
strea m  tem pera tu re, tu rb idity , a nd oth er  w a ter
q u a lity  pa ra m eters .  G eology, geom orph ology, a nd
clim a te a lso influ ence w a ter  q u a lity .

P ollu tion ca n b e defined a s th e fou ling or  m a king
u nclea n a ir  or  w a ter  w h ich  h a rm s b eneficia l u ses.
W a ter  pollu tion is  genera lly  ch a ra cteriz ed a s
origina ting from  eith er  “ point”  or  “ nonpoint”
sou rces.  P oint sou rce pollu tion is  a ssocia ted w ith  a
pa rticu la r  s ite  on a  s trea m  a nd typica lly  involves a
know n q u a ntity  a nd type of pollu ta nt th a t ca n b e
controlled a t th e s ite .  A n ex a m ple of point sou rce
pollu tion is  efflu ent from  a  fa ctory ou tlet (a n end-
of-pipe disch a rge)  delivered directly  to  a  s trea m .
P oint sou rces a re  regu la ted u nder th e C lea n W a ter
A ct w ith  N a tiona l P ollu tion D isch a rge E lim ina tion
S ystem  (N P D E S ) perm its .

N onpoint sou rce pollu tion is  m ore difficu lt to
m a na ge a nd m onitor  th a n point sou rce pollu tion.
N onpoint sou rce pollu tion typica lly  resu lts  from
m u ltiple  conta m ina nt sou rces in  th e vicinity  w h ere
w a ter  q u a lity  h a s b een im pa ired.  T h e volu m e or
“ loa d”  from  individu a l sou rces  is  difficu lt to

m ea su re a nd often w a ter  q u a lity  m a y not b e
degra ded a t th e sou rce s ite .  Instea d, th e
a ccu m u la ted im pa cts  of m u ltiple  sou rces of
pollu tion ca n ca u se th e w a ter  q u a lity  prob lem .  A n
ex a m ple of nonpoint sou rce pollu tion is  fine
sedim ent deposition in  a  s trea m  b ed.  T h e s trea m
m a y flow  th rou gh  a  new  h ou sing developm ent,
a gricu ltu ra l opera tions, a nd forested a rea s w ith
roa ds.  A ll of th ese a ctivities  contr ib u te  va riou s
q u a ntities  of sedim ent to  th e s trea m  ch a nnel in
a ddition to  th e na tu ra l level of sedim ent th e s trea m
conta ins .

E m ph a sis  h a s  increa sed on controlling nonpoint
sou rce pollu tion b eca u se w a ter  q u a lity  ca nnot b e
protected or  restored b y focu sing on point sou rces
a lone.  M onitor ing is  a n essentia l com ponent of th is
effor t.  T h e s tra tegy for  controlling nonpoint sou rce
pollu tion inclu des th e developm ent of B est
M a na gem ent P ra ctices  (B M P s) to  a ch ieve w a ter
q u a lity  cr iter ia  a nd m eet non-degra da tion
req u irem ents .

B M P s a re  defined a s pra ctices  selected b y a n
a gency th a t a re  pra ctica l a nd effective in  redu cing
pollu tion from  nonpoint sou rces  to  levels
com pa tib le  w ith  w a ter  q u a lity  goa ls .  O nce a n
a gency’ s B M P s a re  a pproved b y th e s ta te  w a ter
q u a lity  regu la tory a gency, th ey m a y b ecom e a  pa rt
of th e w a ter  q u a lity  m a na gem ent pla n (W Q M P ) for
th ose la ndow ners  th a t im plem ent th em .

A n a pproved W Q M P  inclu des descr iptions of th e
a ctions or  a ctivities  th a t w ill a llow  a  la ndow ner to
a ch ieve a ccepta b le  w a ter  q u a lity .  F or ex a m ple, th e
O regon D epa rtm ent of E nvironm enta l Q u a lity
(D E Q ) a pproved th e O regon S ta te  F orest P ra ctices
A ct a s  a n a ccepta b le B M P  progra m .  I t is  th e
responsib ility  of th e O regon D epa rtm ent of F orestry
(O D F ) to  m onitor  effectiveness of th ese B M P s in
a ch ieving w a ter  q u a lity  s ta nda rds.

In O regon, a gricu ltu ra l a ctivities  in  w a tersh eds
w ith  w a ter  q u a lity  lim ited w a terb odies ca n com e

W h ile  th ere a re  a  nu m b er of w a ter  q u a lity
pa ra m eters  regu la ted b y D E Q , th is  gu ideb ook
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u nder th e provisions of S ena te  B ill 1 0 1 0 .  T h is  b ill
req u ires  th e O regon D epa rtm ent of A gricu ltu re
(O D A ) to  h elp redu ce w a ter  pollu tion from
a gricu ltu ra l sou rces.  U nder th e gu ida nce of th e
O D A , loca l com m ittees develop a  W Q M P  for th e
a gricu ltu ra l portion of th e b a sin.

W a ter  q u a lity  s ta nda rds h a ve b een developed
u nder  th e lea dersh ip of D E Q  a nd ca n b e u sed in
a ssessing th e effectiveness  of B M P s.  W a ter
q u a lity  s ta nda rds involve th ree elem ents: 1 )  a
na rra tive th a t ex pla ins  w h a t th e goa ls  of th e
sta nda rds a re; 2 )  th e nu m eric  cr iter ia ; 3 )  a nd a
non-degra da tion policy.

T h e nu m eric  cr iter ia  a re  set to  protect th e m ost
sensitive b eneficia l u ses.  T h ese s ta nda rds a re
a va ila b le  on th e w eb  a t
< h ttp://w a terq u a lity .deq .sta te .
or .u s/w q /w q ru les .h tm > .  T h e non-degra da tion
policy dicta tes  th a t if a  s trea m  h a s b etter  w a ter
q u a lity  th a n th e defined sta nda rds, th a t s trea m
sh a ll not b e degra ded to  a  low er s ta nda rd (u nless
th ere a re  com pelling rea sons) .

focu ses on th ose th a t h a ve th e grea test im pa ct on
fish  a nd fish  h a b ita t or  a re  im porta nt in  th e
lis ting of w a ter  q u a lity  lim ited strea m s (strea m s
identified on D E Q ’s 3 0 3 d lis t) .  P a ra m eters  for
T ota l M a x im u m  D a ily L oa d (T M D L )1

a ssessm ents , or  pa ra m eters  th a t a re  pa rt of sou rce
a rea  a ssessm ents  for  m u nicipa l w a ter  su pplies
a re a lso inclu ded.  T h ese inclu de s trea m
tem pera tu re, dissolved ox ygen, pH , condu ctivity ,
nitrogen a nd ph osph oru s, sedim ent,
m a croinverteb ra tes , a nd pestic ides a nd tox ins.

S ta nda rds for  ea ch  of th ese pa ra m eters  h a ve b een
esta b lish ed in  order  to  protect a  s trea m ’s
b eneficia l u ses .  T h ese s ta nda rds h a ve b een
developed a fter  length y pu b lic  review  a nd
involvem ent a nd a re  b a sed on th e la test scientific
know ledge.

                                               
1 Total Maximum Daily Load (TMDLs) is a tool used to meet water quality standards in those streams that do not meet such standards. TMDLs are
based on a scientific method that uses extensive water quality data to identify locations and times of water quality impairment and the sources and
volumes (loads) of the contributing pollutants. The TMDL process is rigorous enough that it can be duplicated by other parties using the same
techniques.
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C h a p te r  2

M on ito r in g  S tra tegy  an d  P lan
A  m onitoring pla n describ es th e m onitor ing s tra tegy
th a t w ill b e u sed.  I t is  developed b efore s ta r ting a
m onitor ing project.  A  m onitor ing pla n provides a
gu ide for  w h y, h ow , w h en, a nd w h ere to  m onitor
w a ter  q u a lity  pa ra m eters .  T h e m onitoring pla n ca n
b e referred to  th rou gh ou t th e cou rse of a  m onitoring
project to  h elp m a inta in consistency a nd provide
docu m enta tion to  oth ers .

W hy  M o nito r?
M a ny rea sons ex ist for  m onitoring w a ter  q u a lity .
M onitoring ca n b e u sed to  identify  a rea s w h ere
w a ter  q u a lity  s ta nda rds a re  not b eing m et a nd
resou rces su ch  a s sa lm on a nd trou t a re  b eing
im pa ired.  M onitoring ca n a lso b e u sed to  identify
th e sou rces a nd loa ds of pollu ta nts  th a t a re  ca u sing
th ese declines .  O nce th e a rea s  a nd ca u ses of th ese
w a ter  q u a lity  prob lem s h a ve b een identified, th en
m onitor ing ca n b e u sed to  m ea su re th e overa ll
effectiveness of th e w a ter  q u a lity  protection efforts
a nd individu a l pra ctices .  M onitor ing is  a lso
im porta nt w h en know ledge of th e effects  from  pa st
restora tion trea tm ents  or  pa st m a na gem ent pra ctices
a re desired in  order  to  h elp design fu tu re
m a na gem ent a ctions.  R esou rce m a na gers  need
m onitor ing da ta  to  im prove pra ctices  a nd to  b etter
protect fish  a nd fish  h a b ita t.  T h e m onitor ing
process  a nd th e da ta  genera ted ca n a lso provide a
va lu a b le  edu ca tiona l tool for  a  w ide va riety of u ser
grou ps, su ch  a s w a tersh ed cou ncils , sch ool grou ps,
resea rch ers , a nd oth er  interested people.

M onitor ing w ith ou t a  defined pu rpose provides
little  b enefit, so  th e firs t s tep to  a sk is , "W h a t a re
th e goa ls  of th e m onitor ing effor t?"  T ypica lly ,
specific  q u estions need to  b e a nsw ered.  T h e
q u estions va ry depending on th e a q u a tic  resou rce(s)
of interest.  F or  ex a m ple, a sking if th e s trea m  m eets
th e D E Q  w a ter  q u a lity  s ta nda rds for  tem pera tu re
a nd dissolved ox ygen, or  w h eth er  th e B M P s a re
effectively redu cing sedim ent inpu ts  to  th e s trea m
ch a nnel, lea ds to  different m onitor ing a pproa ch es.

Q u estions su ch  a s th ese w ill h elp focu s th e
m onitor ing efforts  a nd give a  b etter  idea  of w h ere
a nd for  h ow  long m onitor ing is  needed.  B egin b y
lis ting a ll re leva nt q u estions a b ou t th e a q u a tic
system .  P riorities  ca n th en b e esta b lish ed in  th eir
order  of im porta nce a nd a  tim eta b le  for  th e
necessa ry m onitor ing projects  developed.

In genera l, m onitor ing projects  m a y provide
inform a tion to  a ddress  h is tor ica l, cu rrent, or  desired
fu tu re conditions.  M onitor ing projects  ca n a lso
describ e ecologica l trends th a t m a y or  m a y not
resu lt from  th e effects  of m a na gem ent pra ctices .
M onitor ing ca n a lso describ e th e im pa cts  from
m a na gem ent a ctivities , a s  w ell a s  interpret th e
effectiveness  of m a na gem ent a ctions su ch  a s B M P s.
A dditiona lly , som e prob lem s ca nnot b e a ddressed
th rou gh  m onitoring w a ter  q u a lity  pa ra m eters  a nd
m a y need a  resea rch  a pproa ch .  M onitor ing ca n
h elp identify  th ese prob lem  a rea s, a s  w ell.  T h e
O P S W  M onitor ing T ea m  h a s developed a
M onitor ing F ra m ew ork th a t depicts  th ese a rea s  of
m onitor ing (A ppendix  A ).

T y p es  o f M o nito r ing
M onitoring s tra tegies  m a y b e orga niz ed b y different
m onitor ing types.  T h e type ch osen depends on th e
project’ s  ob jectives.  R efer  to  A ppendix  B  for  a n
in-depth  discu ssion on m onitor ing types.
Identifying th e m onitor ing type is  u sefu l w h en
coordina ting w ith  oth er  m onitor ing efforts  a nd
u ndersta nding h ow  to interpret a nd a pply resu lts .
H ow ever , identifying th e type of m onitor ing is  not
a s im porta nt a s  identifying th e im porta nt resou rce
q u estions a nd properly prepa ring a  m onitor ing pla n
to a nsw er th em .

T he M o nito r ing  P la n
A  pla n u su a lly  consists  of a  few  im porta nt sections.
B y u sing th is  gu ide a s  a  tem pla te  a nd inserting
site-specific  needs a nd ob jectives , a  m onitor ing pla n
ca n b e developed for  a n individu a l s trea m  or  s trea m
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rea ch .  S ta ting th e prob lem  definition, goa ls , a nd
ob jectives  a t th e b eginning of th e m onitor ing pla n
stru ctu res it so  th a t a  relia b le  set of da ta  ca n b e
developed w h ich  a nsw ers th e initia l set of
q u estions.  W ith ou t a  m onitoring pla n to  collect
da ta  th a t a nsw ers specific  q u estions a b ou t th e
w a tersh ed, th e da ta  collected cou ld b e of lim ited
va lu e.

M o nito r ing  P la n sectio ns  inc lud e  the
fo llo w ing :

P rob lem  definition
T h is  section defines th e prob lem .  F or  ex a m ple:
P e o p le  a re  c o n c e rn e d  th a t te m p e ra tu re s in  D ry
C re e k  e x c e e d  w a te r q u a lity  s ta n d a rd s a n d  a re
h a rm in g  fish .

G oa l
T h e goa l s ta tes  th e pu rpose for  m onitor ing.  W h a t
inform a tion a nd/or  a na lysis  is  a ntic ipa ted from
m onitor ing? F or  ex a m ple: T h e  g o a l o f th is  P la n  is
to  d e te rm in e  if te m p e ra tu re s a re  e x c e e d in g  w a te r
q u a lity  s ta n d a rd s in  D ry  C re e k  a n d  if m a n a g e m e n t
p ra c tic e s a re  c o n trib u tin g  to  e le v a te d
te m p e ra tu re s .

O b jectives
O b jectives u su a lly  a re  s tru ctu red in  th e form  of a
specific  q u estion.  F or  ex a m ple: A re  stre a m
te m p e ra tu re s a b o v e  th e  s ta te  w a te r q u a lity
sta n d a rd  o f 6 4 ° F  a n d  d o e s irrig a tio n  w ith d ra w a l
fro m  D ry  C re e k  re su lt in  d o w n stre a m
te m p e ra tu re s th a t e x c e e d  th a t s ta n d a rd ?  T h e kind
of q u estions a sked w ill determ ine th e type of
m onitor ing a nd a m ou nt of resou rces req u ired.

H ypoth eses
Identifying th e ob jective lea ds to  crea ting a n
"ex perim enta l h ypoth esis"  th a t tests  w h eth er  a
rela tionsh ip ex ists  b etw een a n a ction or  a ctivity  a nd
th e w a ter  q u a lity  pa ra m eter  of concern.  T h e
ex perim enta l h ypoth esis  for  th e D ry C reek ex a m ple
cou ld b e: Irrig a tio n  w ith d ra w a l fro m  D ry  C re e k
re su lts  in  d o w n stre a m  te m p e ra tu re s th a t a re
g re a te r th a n  6 4 ° F .  T h is ex perim enta l h ypoth esis

lea ds to  designing a n ex perim ent or  m onitor ing
project to  resolve w h eth er  th e ex perim enta l
h ypoth esis  ca n b e confirm ed or  refu ted.  S im ply
m onitor ing tem pera tu res  a t different s ta tions in  D ry
C reek m a y not a nsw er th is  q u estion b eca u se it does
not dem onstra te  w h y th e tem pera tu re pa ttern
occu rs.  P a tterns th a t ca n b e tied to  a  ca u se-a nd-
effect response su pport ex perim enta l h ypoth eses
m ore s trongly.

In th e D ry C reek ex a m ple, one a pproa ch  m igh t b e
to s top w a ter  w ith dra w a ls  du ring periods w h en
m a x im u m  tem pera tu res  a re  occu rr ing a nd com pa re
strea m  tem pera tu re w ith  periods w h en w ith dra w a ls
occu r .  T h e nu ll h ypoth eses (a  s ta tem ent th a t
a ssu m es no direct rela tionsh ip ex ists)  for  th e
ex perim enta l design cou ld b e: T h e re  is  n o
d iffe re n c e  in  th e  h o u rs th a t D ry  C re e k  e x c e e d s
6 4 ° F  fo r d a y s w ith  o r w ith o u t w a te r w ith d ra w a l.

N a tu ra l va ria tions in  th e tem pera tu re response of
D ry C reek w ill ex ist b eca u se no da y is  ex a ctly  th e
sa m e a s a noth er , b u t th e ex perim enta l a nd
m onitor ing design ca n test w h eth er  th e nu ll
h ypoth esis  is  a ccu ra te  or  not (a ssu m ing th a t th e
q u a lity  a nd va ria tions of th e da ta  a re  w ith in
a ccepta b le  tolera nces) .  A s th e im porta nce of th ese
q u estions increa ses, collecting h igh  q u a lity  da ta  a nd
a  su ffic ient nu m b er of sa m ples (for  s ta tis tica l
credib ility)  m a y b e needed b oth  to  h a ve confidence
in w h eth er  th is  nu ll h ypoth esis  ca n b e a ccepted or
rejected a nd to  m inim iz e differences in  interpreting
resu lts .
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S ite  D escription
T h is  section describ es th e ph ysica l ch a ra cteris tics
of th e sa m pling s ite(s)  a nd pla ces th e m onitor ing
site  in  th e contex t of oth er  w a tersh ed sites .  F or
ex a m ple, ch a nnel gra dient, e leva tion, vegeta tive
cover , la ndu se, region, soils , a nd geology ca n b e
describ ed.  P roviding s trea m  rea ch  loca tions u sing
la titu de a nd longitu de a llow s com pa risons to  b e
m a de to  da ta  sa m pled nea rb y or  in  oth er  a rea s  w ith
sim ila r  s ite  conditions, u sing a  geogra ph ic
inform a tion system  (G IS ).

D a ta  G a th ering S tra tegy
T h is  section describ es th e ph ysica l loca tion, da te
a nd tim e of da ta  ga th ering, th e types of da ta  to  b e
ga th ered a nd m inim u m  a nd optim u m  da ta  needs.
T h e loca tions of da ta  s ites  sh ou ld inclu de
considera tion of ecoregion, s trea m  netw ork, or
oth er  va r ia b les  depending on th e sca le  of th e
q u estion to  b e a nsw ered (see C h a pter  3 , S e le c tin g
S ite s) .  T h e tim ing for  ga th ering da ta  sh ou ld reflect
th e h ydrologic processes  su spected of influ encing
w a ter  q u a lity .  F or ex a m ple, if th e da ta  to  b e
ga th ered is  re la ted to  s torm  events , low  flow s, or
oth er  sea sona l va ria b les, th ese sh ou ld b e identified.
T h e need for  m onth ly, da ily , h ou rly or  continu ou s
da ta  ga th ering sh ou ld b e identified b oth  to
determ ine th e level of effort or  eq u ipm ent necessa ry
a nd to  esta b lish  th e level of confidence in  th e da ta .

M eth ods
T h is  section descr ib es th e tech nica l portion of th e
m onitor ing project.  I t ex pla ins  to  rea ders  th e da ta
collection tech niq u es u sed, eq u ipm ent ca lib ra tion
a nd u se (see pa ges 1 6 -1 8 ), w h a t types of da ta  w ere
collected, a nd w h en.  T h e m eth ods section
essentia lly  crea tes  a  contra ct rega rding h ow  th e
da ta  w ill b e ga th ered, w h a t types of da ta  w ill b e
collected, a nd h ow  th e eq u ipm ent’ s  a ccu ra cy w ill
b e m a inta ined for  th ose condu cting th e m onitor ing
a nd for  oth ers  w h o m a y b e depending on th e da ta .

D a ta  Q u a lity
Q u a lity  A ssu ra nce a nd Q u a lity  C ontrol (Q A /Q C )
a re essentia l e lem ents  of a ny m onitor ing pla n.

T h ey provide evidence th a t th e da ta  is  a ccu ra te  a nd
precise enou gh  to  a ddress  th e q u estions b eing
a sked.  T h ese elem ents  a re  a ddressed in  deta il in
C h a pter  4 .

D a ta  S tora ge a nd A na lysis
T h inking th rou gh  th is  section is  cr itica l ea rly  in  th e
m onitor ing process  in  order  to  h a ve th e su pport
necessa ry to  s tore, tra nsport, or  a na lyz e th e da ta .  I f
th e da ta  a re  to  b e u sed w ith  th e O P S W , know ing
h ow  to tra nsport th e da ta  to  loca l w a tersh ed
cou ncils , D E Q  offices , or  oth er  pu b lic  da ta
repositor ies  in  th e a greed-u pon form a t is  im porta nt.
D E Q  h a s developed a  da ta  s tora ge tem pla te  th a t
ca n b e u sed to  form a t da ta  records (S ee C h a pter  5 ,
D a ta  S to ra g e  a n d  A n a ly sis) .T h e m onitor ing tea m
w ill a lso w a nt to  esta b lish  its  ow n da ta b a se for  th e
strea m s it is  m onitor ing.  P la nning a h ea d ca n sa ve
tim e, m oney, a nd a void th e a gony of lost da ta .

T im eta b le  a nd S ta ff R eq u irem ents
E a ch  m onitoring project w ill h a ve a  u niq u e
sch edu le of a ctivities  w h ich  m u st occu r for  it to  b e
su ccessfu l.  P la nning a nd im plem enting th ese
a ctivities  ta ke tim e.  F igu re 2 -1  a nd T a b le 2 -1  a re
provided a s genera l ex a m ples  of th e seq u encing of
steps a nd tim e req u irem ents  for  a  tem pera tu re
m onitor ing project.

C onfidentia lity  a nd L a ndow ner
P erm ission/R ela tions
O b ta in in g  p rio r p e rm issio n  fro m  p riv a te
la n d o w n e rs fo r m o n ito rin g  site s  th a t c o u ld  b e
lo c a te d  o n  th e ir  p ro p e rty  is  e sse n tia l.  T h e O P S W
is b a sed on coopera tion, so a ll m onitor ing effor ts
need to  m a inta in good w ill w ith  th e a ffected
la ndow ners .  C rea ting a n a greem ent w ith  th e
la ndow ner a b ou t h ow  th e da ta  collected on h is /h er
property w ill b e u sed a nd reported is  a lso
im porta nt.  In  som e ca ses, specific  loca tions m a y
not b e reported to  m a inta in confidentia lity .  I t is
a lso u sefu l to  provide la ndow ners  w ith  preview s of
inform a tion collected.  T h ey m a y h a ve insigh ts
a b ou t th e da ta  a nd a re  often interested in  u sing th e
da ta  to  a dju st th eir  m a na gem ent decis ions .
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T a b le 2 -1 .  E stim a ted  p erson n el tim e for a  strea m  tem p era tu re-m on itorin g  p roject.

A ctiv ity H ou rs

P lan  develop m en t * 4 0  h ou rs

T em p era tu re  reco rder ca lib ra tion

P re-dep loym en t

P ost-dep loym en t

4  h ou rs/b a tch

4  h ou rs/b a tch

Fie ld  site  se lec tion  * * h ou r/site  +  travel tim e

U n it p lacem en t in sta lla tion 0 .5  h ou rs/u n it +  travel tim e

Fie ld  au d its 0 .2 5  h ou rs/u n it +  travel tim e

A n cilla ry da ta  co llec tion 1 -2  h ou rs/u n it +  travel tim e

U n it re trieval 0 .5  h ou rs/u n it +  travel tim e

D ow n load  da ta 0 .2 5  h ou rs/u n it

D ata  sto rage  * * * 0 .2 5  h ou rs/u n it

D ata  an alysis/in terp re ta tion  * * * * 4 -8  h ou rs/site

T o ta l: M in im u m  of 6 0  h ou rs p er p ro jec t p lu s 1 0 -2 0
h ou rs p er each  stu dy site .
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JA N FE B M A R A PR M A Y JU N JU L A U G SE P O C T N O V D E C

F igure 2-1 .  S tream  tem perature m onitoring tim e line.  T he chart show n above dep icts the steps one needs to  com plete during a  typ ical season .  Shaded  boxes refer to
steps w hich  w ould  norm ally be perform ed  the first year and  every succeed ing year of a  long-term  study.  S teps in  unshaded  boxes usually need  to  be com pleted  on ly the
first year of a  long-term  study.
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*  T h e tim e req u ired  to  com p lete  a  p la n  w ill  va ry
w ith  th e  com p lex ity of th e  p roject a n d  ex p erien ce
of th e  p erson n el.   F orty h ou rs is  a  g ood  estim a te ,
bu t m ore or less  tim e cou ld  ea sily be  n eed ed .  T h e
m ost im p orta n t con sid era tion  is  to  a lloca te
su ffic ien t tim e to  com p lete  th is  s tep .

**  S ite  se lection  beg in s w ith  th e  p roject p la n  a n d
p relim in a ry id en tifica tion  of s ites  on  m a p s.  T h e
fie ld  tim e in volves w a lk in g  p la n n ed  stu d y sites
a n d  fin d in g  a  su ita ble  loca tion  to  in sta ll  ea ch
tem p era tu re  record er.

***  D a ta  s tora g e ca n  tu rn  in to  a  tim e d ra in in g
ta sk  if i t  isn ’ t p la n n ed  a t th e  beg in n in g  of th e
p roject.   D eterm in e th e  softw a re  to  be  u sed  (on e
com p a tib le  w ith  th e  tem p era tu re  record er’ s
softw a re), th e  d a ta  fie ld s n ecessa ry, a n d  th e
p erson n el resp on sib le  for both  settin g  u p  th e
softw a re a n d  u p loa d in g  th e  d a ta .  A  su g g ested
d a ta  form a t is  sh ow n  in  th e  d a ta  a n a lysis  section
of th is  ch a p ter a n d  ca n  be  obta in ed  from  th e
coop era tin g  sta te  a g en cies (O D F  &  D E Q  ).

****  T em p era tu re  record ers p rod u ce th ou sa n d s of
d a ta  p oin ts .   T h e d a ta  m u st be  su m m a riz ed  to
p rovid e a  u sefu l in terp reta tion  of th e  d a ta .  T h e tim e
to  com p lete  th is  s tep  w ill  va ry w ith  th e  com p lex ity of
th e  p roject a n d  level of ex p erien ce of th e  p erson n el

T h is  in trod u ction  to  th e  ba sic  s tru ctu re  of a
m on itorin g  p la n  is  in ten d ed  to  h elp  p rovid e p roject
volu n teers  w ith  a n  u n d ersta n d in g  of a  typ ica l p la n ’ s
com p on en ts .  A s a  p la n  is  d evelop ed  for a  sp ecific
strea m  or strea m  rea ch , m ore d eta iled  d escrip tion s of
th e  p roject’ s  objectives w ill  be  n eed ed .  P lea se  refer
to  th e  V o lu n te e r M o n ito r’ s  G u id e  to  Q u a lity
A ssu ra n c e  P ro je c t P la n s  (1 9 9 6 ) by E P A , th e
N a tio n a l H a n d b o o k  o f W a te r Q u a lity  M o n ito rin g
(1 9 9 6 ) by N R C S , a n d  oth er m on itorin g  g u id es
(C a lla h a m  1 9 9 0 ; D issm eyer 1 9 9 4 ; a n d  M a cD on a ld ,
S m a rt,  a n d  W issm a r 1 9 9 1 ) for fu rth er h elp .  F or h elp
or a ssista n ce a t th is  s ta g e, con ta ct th e  m on itorin g
m en tor for th e  O P S W  sh ow n  in  ea ch  p rotocol
ch a p ter, th e  loca l O D F W  office , or th e  reg ion a l D E Q
m on itorin g  coord in a tor sh ow n  below .

S ta tew id e D E Q  V olu n teer M on itorin g  C oord in a tor:
K a ren  W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
 E m a il:  w illia m s.k a ren @ d eq .sta te .or.u s

N orth w est R eg ion :
L a rry C a ton : (5 0 3 ) 2 2 9 -5 9 8 3 .
E m a il:  ca ton .la rry@ d eq .sta te .or.u s

W estern  R eg ion :
D en n is A d es, (5 0 3 ) 2 2 9 -5 9 8 3
E m a il:  a d es.d en n is@ d eq .sta te .or.u s

E a stern  R eg ion :
L a rry M a rx er, (5 0 3 ) 2 2 9 -5 9 8 3
E m a il:  m a rx er.la rry@ d eq .sta te .or.u s

R eferences

C a lla h a m , R .Z . 1 9 9 0 .  G u id e lin e s fo r m a n a g e m e n t
o f w ild la n d  wa te rsh e d  p ro je c ts .  R ep ort 2 3 .
W ild la n d  R esou rces C en ter,  U n iversity of C a liforn ia :
B erk eley, C A .

D issm eyer, G .E . 1 9 9 4 .  E v a lu a tin g  th e  e ffe c tiv e n e ss
o f fo re st b e st m a n a g e m e n t p ra c tic e s in  m e e tin g
wa te r q u a lity  g o a ls  o r s ta n d a rd s .   M iscella n eou s
P u blica tion  1 5 2 0 .  U S D A  F orest S ervice: A tla n ta ,
G A .

M a cD on a ld , L .H ., S m a rt,  A .W ., a n d  W issm a r, R .C .
1 9 9 1 .  M o n ito rin g  g u id e lin e s to  e v a lu a tin g  e ffe c ts  o f
fo re stry  a c tiv itie s  o n  stre a m s in  th e  P a c ific
N o rth we st a n d  A la sk a .  E P A  9 1 0 /9 -9 1 -0 0 1  .
U .S . E n viron m en ta l P rotection  A g en cy, R eg ion  1 0 :
S ea ttle ,  W A .



Monitoring Strategy and Plan 2 - 7 Water Quality Monitoring Guidebook
Version 2.0

N a tio n a l H a n d b o o k  o f W a te r Q u a lity  M o n ito rin g .
1 9 9 6 .  P a rt 6 0 0 .  N a tion a l W a ter Q u a lity H a n d book .
N a tu ra l R esou rces C on serva tion  S ervice:
W a sh in g ton , D .C .

T h e  V o lu n te e r M o n ito r’ s  G u id e  to  Q u a lity
A ssu ra n c e  P ro je c t P la n s. 1 9 9 6 .  E P A  8 4 1 -B -9 6 -0 0 3 .
U .S .  E n viron m en ta l P rotection  A g en cy, O ffice  of
W etla n d s, O cea n s, a n d  W a tersh ed s: W a sh in g ton ,
D .C .

M e th o d s in  S tre a m  E c o lo g y .   1 9 9 6 .  F . R . H a u er a n d
G . A . L a m berti.   E d itors .  A ca d em ic P ress, H a rcou rt
B ra ce &  C om p a n y.  S a n  D ieg o.  6 7 4  p a g es.
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C h a p te r  3

S electin g  S ites

S electing th e a ppropria te  s ite  or  s ites  for  m onitoring
w a ter  q u a lity  depends on th e desired ob jectives.
T h ere a re  th ree geogra ph ic sca les  to  consider  in
selecting th e a ppropria te  m onitoring site : (1 )  th e
sa m p le  p o in t provides representa tive2  da ta  a t th a t
spot, (2 )  th e re a c h  a p p ro a c h  u ses m u ltiple  s ites  to
reflect conditions a nd trends for  a  segm ent of
strea m , a nd (3 )  th e b a sin  sc a le  u ses m u ltiple
rea ch es to  reflect conditions a nd trends th rou gh ou t
a  w a tersh ed.

In a ddition to  th e “ scientific”  considera tions for
m onitor ing s ites  (e .g . u sing s ta nda rd da ta  ga th ering
tech niq u es for  consistency, m a inta ining da ta
q u a lity , e tc .) , th ere  a re  a lso “ pra ctica l”
considera tions.  E a sy a ccess  (su ch  a s roa d
crossings)  a nd la ndow ner perm ission a re  tw o of
th ese pra ctica l considera tions. “ S a m pling s ta tions
sh ou ld b e a ccessib le  for  a ll flow  conditions th a t
w ill b e sa m pled”  is  a  good w orking ru le  w h en
selecting sites  (S tednick 1 9 9 1 ).  I f eq u ipm ent is
b eing insta lled for  a  long period of tim e, recogniz e
th a t flow  w ill ch a nge th rou gh ou t th e yea r .
E q u ipm ent th a t w a s not designed to  b e su b m erged
ca n b e flooded.  C onversely, eq u ipm ent th a t needs
to b e su b m erged ca n b e left “ h igh  a nd dry” .

P reca u tions a ga inst va nda lism , th eft, a nd a ccidenta l
dis tu rb a nce sh ou ld b e considered w h en loca ting
eq u ipm ent.  In  a rea s  freq u ented b y th e pu b lic ,
secu ring or  ca m ou fla ging eq u ipm ent is  a dvisa b le .
V isib le  te th ers  a nd eq u ipm ent s ta tions a re  not
a dvisa b le  s ince th ey a ttra ct a ttention.  W h en
eq u ipm ent ca nnot b e protected from  dis tu rb a nce, a n
a lterna tive m onitoring site  sh ou ld b e considered.
A ccess  to  electr ica l pow er ca n a lso b e a
considera tion for  som e eq u ipm ent.

                                               
2 "Representative data" refers to the degree to which the data
represents the actual environmental conditions at the time of
monitoring. In this case, it should reflect the water quality integrated
across and through the water column and not isolated elements.

S a m p le  P o int C o ns id era tio ns
T h e sim plest a nd m ost specific  geogra ph ic sca le  is
a  sa m pling point.  H ere, focu s sh ou ld b e on
selecting a  loca tion th a t w ill resu lt in  th e m ost
representa tive m ea su re of th e w a ter  q u a lity
pa ra m eter  a t th a t s ite .

W h en selecting a  sa m ple point, rem em b er th a t if
sa m ples  a re  collected w h ere em erging grou ndw a ter
or  isola ted eddies ex ist, th e da ta  w ill not represent
th e m a in portion of th e s trea m .  In  order  to  collect
representa tive da ta , sa m pling site  selection m u st
m inim iz e th e influ ence of potentia l confou nding
fa ctors .  S om e ex a m ples  of confou nding fa ctors
inclu de:

• th e conflu ence of tr ib u ta ries
• grou ndw a ter  inflow s
• ch a nnel s tru ctu re or  "m orph ology"

(pa rticu la rly  conditions th a t crea te  isola ted
segm ents  or  pools)

• springs, w etla nds, w a ter  w ith dra w a ls , efflu ent
disch a rges

• b ea ver  ponds a nd oth er  im pou ndm ents

B y sa m pling in  a  section of a  s trea m  ch a nnel w ith
good w a ter  m ix ing, th e da ta  w ill represent th e s ite’ s
a vera ge w a ter  q u a lity  condition.  H ow ever , specia l
ca ses  ca n ex ist w h ere m onitor ing sh ou ld inclu de
sites  conta ining th ese confou nding fa ctors .  In  th ese
ca ses th e ob jective of th e m onitoring m a y b e to
determ ine th eir  influ ence on overa ll w a ter  q u a lity .

Reach Scale
A  m onitor ing project ca n b e ex pa nded to  docu m ent
w a ter  q u a lity  trends of a  s trea m  rea ch  a nd/or  effects
of m a na gem ent pra ctices  on th ose trends.  T h is  is
a ccom plish ed b y m onitoring th e w a ter  q u a lity
pa ra m eter  a t m u ltiple  sa m ple points .  I f th e
ob jective is  to  u ndersta nd m anagem en t im p ac ts
o n  w a te r  q u a lity, o r  w a te r  q u a lity trea tm en t
e ffec ts , then  the  m o st p o w erfu l and  m ean ing fu l
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m o nito r ing  d esign  w ill inc lu d e  a  p re -p ro jec t, o r
"b ase line ," d a ta  co llec tio n  p e r io d .

F o r  exam p le , if the  o b jec tive  is  to  d e te rm ine
ho w  a  lo gg ing  o p e ra tio n  a ffec ts  s tream
tem p era tu re , then  m u ltip le  sam p le  p o in ts  w ill
b e  need ed .  Id ea lly, the se  sho u ld  b e  e stab lished
p rio r  to  the  lo gg ing  ac tiv ity o ve r  the  sam e

p o rtio n  o f the  yea r  w hen  p o st- lo gg ing
co nd itio ns w ill b e  m o n ito red .  T w o , o r
p re fe rab ly th ree , sam p le  p o in ts  sho u ld  b e
p laced  sligh tly u p stream  and  o ne  s ligh tly
d o w nstream  fro m  the  ha rvest u n it (F igu re  3 -1 ,
p o in ts  2  and  3 ) .

✩  = Sample Point

F ig u re 3 -1 .  S a m p le p oin t a n d  rea ch -sca le loca tion s.

F u rth erm ore, in  order  to  u ndersta nd th e ob served
trends (e .g . a ny m ea su red ch a nge in  tem pera tu re)
th rou gh  th e u nit, sa m ple points  a rou nd “ control”
rea ch es w ill b e needed.  A  control is  designed to
m ea su re th e pa ra m eter  of concern a t s ites  th a t a re
not im pa cted b y m a na gem ent or  oth er  effects .
T h ese control s ites  a re  designed to  h elp isola te  th e

m a na gem ent or  oth er  effects  from  trends th a t m a y
occu r  rega rdless  of m a na gem ent or  oth er  im pa cts .
In  figu re 2 -1 , th e rea ch es b etw een points  3  a nd 4
a nd b etw een 1  a nd 2  ca n a ct a s  controls .  I f th ese
rea ch es h a ve inta ct r ipa ria n a rea s, th en ob served
tem pera tu re trends th rou gh  th e h a rvest u nit ca n b e
com pa red to  th ese “ control”  rea ch es.  T h ese
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rea ch es sh ou ld b e loca ted u pstrea m  a nd
dow nstrea m  of th e h a rvest u nit.  I t is  c ritic a l to
re c o g n ize  th a t w ith o u t p re -tre a tm e n t d a ta ,
in fe re n c e s a b o u t m a n a g e m e n t e ffe c ts  c a n  b e  w e a k .

M a ny docu m ents  a nd protocols  recom m end
esta b lish ing a  “ reference rea ch ”  to  h elp provide
com pa risons a nd contex t b etw een th e s trea m  rea ch
of concern a nd a  s im ila r  s trea m  rea ch  w ith  less
intensively m a na ged conditions. (D issm eyer 1 9 9 4 ).
S trea m  a nd r ipa ria n conditions for  reference
rea ch es represent th e b est a va ila b le  conditions.
T h e reference rea ch  for  a  forested a rea  w ou ld m ost
likely h a ve good w a ter  q u a lity , com plex  fish
h a b ita t, h igh  q u a lity  spa w ning gra vels , sh a de,
cover , a nd rea ring h a b ita t for  sa lm onids, a m ple
la rge w oody deb ris  in  th e s trea m , a nd fu tu re
su pplies  from  th e u pstrea m  a dja cent r ipa ria n a rea s.
In som e ca ses, th e reference s trea m  is  th e “ lea st
im pa cted”  rea ch  a va ila b le  for  m onitoring
(P lotnikoff 1 9 9 2 ).

H ow ever, lim ita tions to  th e reference-rea ch
a pproa ch  ex ist.  F or  insta nce, a  w ide ra nge of
conditions resu lt from  “ na tu ra l”  distu rb a nces.  F ire ,
floods, a nd w indstorm s ca n ca u se m a jor  ch a nges in
strea m s a nd w a ter  q u a lity .  T h e occu rrence or  la ck
of occu rrence of one of th ese events  sh a pes s trea m
ch a ra cter is tics .  T h erefore, ca u tion is  needed w h en
com pa ring s trea m  rea ch es w ith  different
dis tu rb a nce h is tor ies .  In  a ddition, not a ll s trea m
ecosystem s sh o u ld  look a like.  A n
estu a ry-influ enced rea ch  w ill not look like a
h ea dw a ter  s trea m , a nd a  h igh  gra dient, forested
rea ch  w ill not look like a  m ea dow -dom ina ted, low -
gra dient s trea m  (see O regon W a tersh ed A ssessm ent
M a nu a l discu ssion of ch a nnel h a b ita t types) .

B a sin  S ca le  C o ns id era tio ns

A t th e b a sin sca le , la ndsca pe a nd s trea m  pa tterns
b ecom e th e focu s of m onitor ing.  B a sin-sca le
m onitoring represents  th e m a jor dilem m a  fa cing a ny
sa m pling project— it is  im possib le  to  m onitor
everyth ing, everyw h ere, a ll th e tim e.  W h ile  every
loca tion a nd strea m  rea ch  in  a  w a tersh ed is  u niq u e,
genera l pa tterns ca n b e identified th a t h elp in
u ndersta nding a nd m a na ging w a tersh eds.
“ W a tersh ed a na lysis”  is  a  process  th a t resou rce
professiona ls  u se b a sed on identifying th ese

pa tterns in  th e la ndsca pe a nd s trea m s (N onP oint
S ou rce S olu tions, 1 9 9 9 ).  T h is  a na lysis  involves
developing h ypoth eses  a b ou t h ow  th e w a tersh ed
conditions a nd m a na gem ent a ctivities  on th e
la ndsca pe a re  linked to  th e r ipa r ia n a nd s trea m
response.  G ood b a sin-sca le  m onitor ing involves
recogniz ing th ese linka ges a nd developing
m onitor ing th a t ca n b e ex tended from  a  few  sites  to
a  m ore genera l representa tion of th e w a tersh ed
response.

A  b a sin a pproa ch  is  m ore th a n m erely a  s tru ng-
togeth er  series  of s ites  or  rea ch -level m onitoring
a ctivities .  A  lim ited nu m b er of m onitoring sites
m u st b e identified w h ose inform a tion ca n represent
conditions a cross th e entire  w a tersh ed.  S tra tifying
th e b a sin into s im ila r  environm enta l a nd la nd-u se
conditions is  one w a y of identifying ca ndida te
m onitor ing s ites .  D efining th e b a sin b y "ecoregion"
is  a noth er  cla ssifica tion th a t ca n b e u sefu l in
identifying w h ere fa ctors  su ch  a s geology or
clim a te a re  rela tively u niform . (E coregions a re
a rea s  of rela tive ecosystem  h om ogeneity  conta ining
essentia lly  s im ila r  ch a ra cteris tics  su ch  a s
vegeta tion, geology, h ydrology, soils , a nd clim a te) .

B a sin-sca le  m onitoring progra m s sh ou ld a lso
consider  th e m ost sensitive or  cr itica l s ites , b oth  for
sou rces of pollu ta nt loa ds a nd w a ter  q u a lity
im pa cts .  F or ex a m ple, roa ds b u ilt nea r  s trea m s on
slopes w ith  a  h igh  r isk of la ndslides represent a
potentia l sou rce of sedim ent.  C ritica l s trea m
rea ch es, su ch  a s h igh  va lu e spa w ning or  rea ring
h a b ita t for  sa lm on, m a y b e identified a s  sensitive to
sedim ent deposition.  A ga in, th ese s ites  m a y h a ve a
h igh  prior ity  for  m onitor ing to  u ndersta nd th e
w a tersh ed response.

A n ex a m ple of th e va lu e of b a sin-w ide m onitor ing
com pa red to  a n a ssessm ent from  individu a l
sa m pling points  is  a  s tu dy of tem pera tu re pa tterns
in th e S tea m b oa t C reek W a tersh ed of O regon b y
H ola da y (1 9 9 2 ).  H ola da y fou nd th a t despite  th e
recovery of r ipa r ia n vegeta tion in  S tea m b oa t C reek
from  1 9 6 9  to  1 9 9 0 , no m ea su ra b le  ch a nge in  th e
strea m  tem pera tu res a t th e m o u th  of S tea m b oa t
C reek du ring su m m er ex trem es h a d occu rred.  Y et
w a ter  tem pera tu re redu ctions of 1 °  to  1 1 ° F  w ere
m ea su red for  every m a jor  tr ib u ta ry to  S tea m b oa t
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C reek.  T h e w a tersh ed-w ide pa ttern, sh ow ing th a t
increa sed sh a de w a s redu cing m a x im u m  tr ib u ta ry
tem pera tu res, w a s clea r .  H ow ever, if tem pera tu re
m ea su rem ents  a t th e m ou th  of S tea m b oa t C reek
w ere th e only m ea su rem ent ta ken, th en it w ou ld
a ppea r th a t w a ter  tem pera tu re h a d not im proved.
Inclu ding tr ib u ta ry tem pera tu res in  th e m onitoring
project m ore a ccu ra tely reflected th e w a tersh ed-
w ide tem pera tu re pa ttern..

C ho o s ing  S ites

S evera l types of s ites  m a y b e selected for
m onitor ing su rveys:

•  S tu d y  site s  a re  selected to  a nsw er specific
q u estions.  T h ese cou ld inclu de q u estions a b ou t
th e effects  of cer ta in  la nd u ses , im provem ent
follow ing restora tion w ork, or  th e effectiveness
of B est M a na gem ent P ra ctices , a m ong oth ers .

•  R e fe re n c e  site s  reflect th e b est a va ila b le
conditions present w ith in a  specific  s trea m ,
w a tersh ed b a sin or  ecoregion.  A n idea l
reference site  w ou ld b e in  a  pris tine, na tu ra l
condition.  A  rea lis tic  reference site  u su a lly
represents  th e b est a tta ina b le  conditions a nd
h a s ex perienced som e level of h u m a n effect.
Idea lly  m ore th a n one reference site  is  u sed.
F ive to  ten reference sites  sh ou ld b e sa m pled
for  s tu dies  th a t inclu de severa l s trea m s over  a
ra nge of h a b ita ts .

•  R a n d o m ly  se le c te d  site s  a re  ch osen com pletely
a t ra ndom , w ith ou t rega rd to  th e level of h u m a n
distu rb a nce.  In  m ost ca ses, ra ndom  sites  a re
grou ped, or  s tra tified, a ccording to  cer ta in
fa ctors  su ch  a s s trea m  order , la nd u se, or
ecoregion.  R a ndom  site  selection provides a n
u nb ia sed a ssessm ent of th e ra nge of conditions
present w ith in a  study area. (Note: In
Oregon, the EPA Research Lab in
Corvallis can provide a list of randomly
selected sites for specific projects.
Contact Phil Larson at 541-754-4362.)

O nce potentia l s ites  h a ve b een identified, th e a ctu a l
loca tions w h ere da ta  w ill b e collected need to  b e
identified.  E x cept for  ra ndom  sites , w h ich  a re
picked independent of oth er  fa ctors , sa m ple s ites

sh ou ld b e representa tive of th e la rger  s tu dy a rea .
P h ysica l a nd geogra ph ic ch a ra cter is tics  like
vegeta tion, soils , geology, la nd u se, gra dient,
r ipa ria n ch a ra cteris tics , a nd su b stra te  type need to
b e considered to  a ssu re th a t sa m ple s ites  a re
representa tive of th e la rger  popu la tion.  F or
ex a m ple, sa m ple s ites  sh ou ld not b e directly
dow nstrea m  from  a nom a lies  su ch  a s cu lverts ,
b ridges, roa ds, la ndslides, or  w a terfa lls  u nless  th ese
a re th e conditions th a t th e m onitor ing progra m  is
eva lu a ting.

R eference a nd s tu dy s trea m s sh ou ld b e in  th e sa m e
ecoregion or  ecologica lly  s im ila r  a rea  (w a tersh ed or
b a sin)  a nd b e w ith in a n a ccepta b le  ra nge of
eleva tion, gra dient, a nd s trea m  order  (G a lla nt, e t a l
1 9 8 9 ).  S im ila r  s trea m s in  th e sa m e ecoregion
w ou ld b e ex pected to  h a ve s im ila r  w a ter  ch em istry
a nd h a b ita t conditions, a nd su pport s im ila r
b iologica l com m u nities .  D ifferences b etw een w ell
ch osen reference a nd s tu dy s ites  sh ou ld b e du e to
h u m a n or  na tu ra l dis tu rb a nce a nd not du e to  na tu ra l
differences b etw een th e s trea m s.

L oca ting m inim a lly im pa cted reference s trea m s in
th e sa m e ecoregion ca n som etim es prove difficu lt,
especia lly  a t th e low er eleva tion sections of
strea m s.  In ca ses w h ere u nim pa ired reference s ites
a re  not a va ila b le , one sh ou ld select th e lea st
im pa ired a rea s  possib le .  G enera lly , im pa cted a nd
reference s ite  selection is  done in  th ree s ta ges:

•  O ffic e  R e c o n n a issa n c e : u sing m a ps, a er ia l
ph otos, pu b lish ed reports , a nd oth er  m a ter ia ls ,
th e m onitoring a rea  is  s tu died a nd likely
strea m s a re  identified.

•  C o n su lt th e  E x p e rts : federa l a nd s ta te  resou rce
m a na gem ent a gency personnel a re  very
know ledgea b le of th e na tu ra l ch a ra cter is tics
a nd h u m a n im pa cts  in  th e a rea s th ey
a dm inister .  T h ey ca n a lso provide inform a tion
on w ork pla nned for  th e fu tu re in  th e b a sins
b eing considered for  s tu dy, su ch  a s proposed
tim b er sa les  or  s trea m  im provem ent w ork.
L oca l fish eries  b iologists  a re  a  pa rticu la rly
good resou rce.

•  F ie ld  R e c o n n a issa n c e : th e s trea m s identified in
th e previou s tw o steps a re  vis ited a nd visu a lly
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su rveyed to  verify  th e representa tion a nd
sim ila rity  of th e s trea m s a nd to  select specific
strea m  rea ch es for  sa m pling.

H o w  M a ny  S ites  P er  S trea m ?

T h e loca tion a nd nu m b er of s ites  per  s trea m
depends on th e ob jectives  of th e s tu dy, th e type of
im pa cts , a nd th e resou rces a va ila b le .  G enera lly ,
progra m  designs a re  of th ree types:

1 ) P a ire d  stre a m  a p p ro a c h , w ith  severa l s ites  per
strea m .  A  stu dy strea m  is  pa ired w ith  a  nea rb y
u nim pa cted (or  le a st im pa cted)  reference
strea m  w h ere severa l s ites  a re  a lso selected.

2 ) U p stre a m /d o w n stre a m  a p p ro a c h , w ith  severa l
s ites  a long a  s ingle  s trea m .  S elected s ites
u pstrea m  of som e distu rb a nce, w ith  th e b est
a va ila b le  conditions, a re  u sed a s  th e reference
sites .  S ites  a re  th en selected w ith in a nd/or
dow nstrea m  from  th e a rea  of concern.

3 ) E c o re g io n  a p p ro a c h .  A  nu m b er of lea st
im pa cted reference sites  w ith in a  s ingle
ph ysiogra ph ic type or  ecoregion a re  selected to
determ ine th e na tu ra l reference condition.  A
nu m b er of s ites  of concern a re  th en selected
w ith in th e sa m e or a  s im ila r  ecoregion.

W h ich ever a pproa ch  is  u sed, it is  im porta nt to
sa m ple enou gh  sites  to  determ ine th e inh erent
va ria b ility  w ith in a nd b etw een different s ites ,
b eca u se w a ter  q u a lity  pa ra m eters  va ry in  b oth
spa ce a nd tim e.  G a th ering a dditiona l da ta  collected
b y oth er  a gencies  or  grou ps ca n im prove th e
effectiveness  of m onitor ing to  detect differences
b etw een sites .  T h e collection a nd a na lysis  m eth ods

u sed b y oth er  s tu dies need to  b e com pa ra b le ,
h ow ever.
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C h a p te r  4

D a ta  Q u a lity

B a ckg ro und

T h e goa l of da ta  ga th er ing is  to  produ ce da ta  of a
know n q u a lity  w h ich  is  a deq u a te  for  th e intended
u se.  E nvironm enta l m onitor ing often req u ires  la rge
investm ents  of resou rces.  Institu ting tech niq u es
w h ich  protect th a t investm ent a nd insu re th a t th e
da ta  is  va lu a b le  to  oth er  u sers  is  im porta nt.

T h e m eth ods u sed to  elim ina te  fla w s a nd errors
b efore th ey com prom ise th e q u a lity  of th e da ta
collected a re  genera lly  referred to  a s  “ q u a lity
a ssu ra nce”  (see nex t pa ge) .  T o insu re th a t th e da ta
a re credib le , procedu res  m u st b e docu m ented,
regu la r  eva lu a tions of precis ion a nd a ccu ra cy
sh ou ld b e condu cted, a nd regu la r , independent
a u dits  sh ou ld a lso b e condu cted.

1 0  S tep s  T o  Q ua lity  D a ta

P roper pla nning is  th e key to  produ cing h igh  q u a lity
da ta .  T h e ten s teps describ ed b elow  a re u sefu l
w h eth er a  project w ill sa m ple tw o sites  on a  sm a ll
creek or  2 0 0  sites  in  a  s ta tew ide m onitoring
netw ork.

1 . D efine th e goa ls  a nd ob jectives  of th e project.
W h y is  th e project needed? W h a t q u estion is
b eing a ddressed? H ow  w ill th e da ta  b e u sed?
W h o w ill u se th e da ta ?

2 . C ollect b a ckgrou nd inform a tion a b ou t th e
project a rea .

3 . R efine th e project goa ls  b a sed on th e
b a ckgrou nd inform a tion ga th ered.

4 . D esign th e project’ s  sa m pling, a na lytica l, a nd
da ta  req u irem ents .  T h is  is  th e “ w h a t, h ow ,
w h en, a nd w h ere”  of sa m pling.

5 . W rite  a n im plem enta tion pla n th a t describ es
w h en ta sks w ill b e com pleted a nd w h o w ill
com plete  th em .

6 . W rite  a  dra ft project pla n th a t inclu des
sa m pling m eth ods a nd project ob jectives .

7 . G et feedb a ck on th e dra ft pla n from  oth er
professiona ls  su ch  a s s ta te  a gency m onitor ing
sta ff.

8 . R evise th e project pla n b a sed on review
com m ents.

9 . Im plem ent m onitor ing w ork a s  describ ed in  th e
fina l m onitor ing pla n.

1 0 . E va lu a te  a nd refine th e project over  tim e a s
know ledge is  a cq u ired du ring th e project.

K ey  D a ta  Q ua lity  C o ncep ts

Q u a lity  a ssu ra nce (Q A ) a nd q u a lity  control (Q C )
a re key com ponents  of a ny m onitor ing progra m .
T h ey a re  defined a s:

Q u a lity  A ssu ra nce
T h e overa ll m a na gem ent system  of a  project
inclu ding th e orga niz a tion, pla nning, da ta
collection, q u a lity  control (Q C ), docu m enta tion,
eva lu a tion, a nd reporting a ctivities .  Q A  provides
th e inform a tion needed to  determ ine th e da ta ’ s
q u a lity  a nd w h eth er it m eets  th e project’ s
req u irem ents .

Q u a lity  C ontrol
T h e rou tine tech nica l a ctivities  intended prim a rily
to control errors .  S ince errors  ca n occu r  in  eith er
th e fie ld , th e la b ora tory, or  in  th e office, Q C  m u st
b e pa rt of ea ch  of th ese a ctivities .

A s pa rt of Q A /Q C  pla nning, certa in  da ta  q u a lity
ob jectives need to  b e defined.  T h ese rela te  to  th e
p re c isio n , a c c u ra c y , re p re se n ta tio n , c o m p le te n e ss ,
a nd c o m p a ra b ility  of th e da ta .

P recis ion
P recis ion refers  to  th e a m ou nt of a greem ent a m ong
repea ted m ea su rem ents  of th e sa m e pa ra m eter .  T o
determ ine precis ion, du plica te  sa m ples m u st b e
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collected a t a  nu m b er of sa m ple s ites .  A s a n
ex a m ple, volu nteers  m a y w ish  to  collect one
du plica te  sa m ple per  tr ip  or  du plica te  sa m ples for
1 0 %  of th e tota l sa m ples collected, w h ich ever is
grea ter .  D u plica te  sa m ples sh ou ld b e collected
du ring ea ch  sa m pling tr ip .  T h e a ctu a l nu m b er of
du plica tes  depends on th e va ria b ility  of th e da ta  a nd
h ow  precise  th e da ta  m u st b e to  estim a te th e a ctu a l
w a ter  q u a lity  (E P A  1 9 9 6 ).

A ccu ra cy
A ccu ra cy m ea su res h ow  close th e resu lts  a re  to  a
tru e or  ex pected va lu e.  T h is  is  norm a lly
determ ined b y m ea su ring a  s ta nda rd or  reference
sa m ple of a  know n a m ou nt a nd com pa ring h ow  fa r
th e resu lts  a t th e m onitoring site  a re  from  th e
reference va lu e.

R epresenta tion
T o w h a t ex tent do th e fie ld  sa m ples a ctu a lly
represent th e tru e environm enta l condition(s)  or
popu la tion(s)  a t th e tim e a  sa m ple w a s collected?
R epresenta tion is  la rgely determ ined b y th e
selection of th e sa m ple s ites .  D o th ese s ites
a ccu ra tely reflect (or  represent)  th e conditions of
th e w a terb ody b eing s tu died?

C om pleteness
T h e com pa rison b etw een th e a m ou nt of va lid , or
u sa b le , da ta  origina lly  pla nned for  collection,
versu s th e a m ou nt a ctu a lly  collected.
C om pa ra b ility
T h e degree to  w h ich  different m eth ods a nd da ta  sets
a gree or  a re  s im ila r .  F or  insta nce, th e W inkler
titra tion m eth od for  dissolved ox ygen (a  m eth od for
m ea su ring th e concentra tion of dissolved ox ygen in
w a ter .  S ee C h a pter  7 )  a nd a  pola rogra ph ic prob e (a
different m eth od for  m ea su ring dissolved ox ygen)
m a y not provide h igh ly com pa ra b le  da ta .  T h is  is
pa rticu la rly  im porta nt to  determ ine w h en u sing da ta
from  oth er  s tu dies .

T h e level of a ccu ra cy a nd precision w ill not b e th e
sa m e for  ea ch  pa ra m eter  m ea su red, a nd m a y not b e
th e sa m e for  ea ch  project.  P recis ion a nd a ccu ra cy
w ill depend on th e s tu dy ob jectives ( i.e . h ow
precise a nd a ccu ra te  th e da ta  m u st b e to  a nsw er th e
q u estions of concern) , th e a m ou nt of m oney
a va ila b le  for  eq u ipm ent pu rch a ses a nd da ta
a na lysis , a nd th e level of tra ining of th e people

collecting sa m ples.  T h e origina l da ta  q u a lity
ob jectives  m a y not b e m et in  a  m onitor ing project
b eca u se fu nding ca n b e cu t ( redu cing th e level of
a na lysis) , th e eq u ipm ent fa ils , or  project personnel
don’ t perform  a s ex pected.  I f th is  occu rs  it is
critica l to  report th e da ta  q u a lity  level a tta ined a nd
ex pla in w h y.

D a ta  Q ua lity  M a tr ix

D eterm ining th e level of a ccu ra cy a nd precis ion
desired a t th e project’ s  b eginning is  im porta nt.
T a b le 4 -1  h a s b een developed to  h elp determ ine th e
da ta  q u a lity  ob jectives.  T h e ta b le  identifies  th ree
da ta  q u a lity  levels  for  s ix  com m only collected
w a ter  q u a lity  pa ra m eters .  T h e pu rpose of th e w a ter
q u a lity  da ta  m a trix  is  to  h elp collectors  select th e
level of da ta  q u a lity  th a t m eets  th eir  ob jectives,
ex perience, level of ex pertise , a nd b u dget.  D a ta
q u a lity  levels  depend on th e m eth ods u sed a nd th e
Q A /Q C  protocol follow ed.

L evel A
L evel A  is  th e h igh est level of da ta  q u a lity .  I t ca n
b e u sed to  a ssess com plia nce w ith  w a ter  q u a lity
sta nda rds, perm itting req u irem ents , or  oth er
regu la tory a ctivities .

L evel B
L evel B  is  th e nex t h igh est level.  I t is  typica lly
ea sier  a nd less  ex pensive to  collect.  L evel B  da ta
ca n b e u sed a s  a n ea r ly w a rning of potentia l
prob lem s or  for  screening inform a tion.

L evel C
L evel C  is  th e low est da ta  q u a lity  level a nd is
norm a lly th e ea siest to  collect.  B eca u se of its  low er
a ccu ra cy a nd precis ion, L evel C  da ta  is  b est u sed
for  edu ca tiona l pu rposes.

N ot a ll fie ld  pa ra m eters  w ill need to  b e a t L evel A ,
or  even L evel B , da ta  q u a lity .  A  principa l decision
for da ta  collectors  is  to  decide h ow  th e da ta  w ill b e
u sed.

D epending on th e da ta  collection ob jectives ,
eq u ipm ent a va ila b le , collector  tra ining a nd
a dh erence to  Q A /Q C  procedu res, da ta  q u a lity
levels  m a y va ry for  different pa ra m eters .  T h e
procedu res a nd instru m ents  describ ed in  th e
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specific  protocol ch a pters  a re  genera lly  designed to
m eet L evel A  da ta  q u a lity  w ith  a ppropria te
Q A /Q C .  B u t, rem em b er w h a t th e da ta  w ill b e u sed
for a nd determ ine w h a t is  th e a ppropria te  da ta
q u a lity  level.

R eferences

U S E P A . 1 9 9 6 .  T h e  v o lu n te e r m o n ito r’ s  g u id e  to
q u a lity  a ssu ra n c e  p ro je c t p la n s.  E P A  8 4 1 -B -9 6 -
0 0 3 .  U .S . E nvironm enta l P rotection A gency,
O ffice of W etla nds, O cea ns, a nd W a tersh eds:
W a sh ington, D .C .  C h a pter  2 .
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T able 4-1 .  W ater quality param eters by data  quality level.  D ata  quality level depends on  a  com bination  of quality control and  m ethod  selection .

D A T A  Q U A L IT Y  M A T R IX
W ater Q u ality  P aram eters by  D ata  Q u ality  L eve l
D ata  Q u ality  L eve l d ep end s o n a  co m bina tio n o f q u a lity  co ntro l and  m etho d  se lec tio n.

D ata
Q uality

L eve l
Q uality

A ssurance  P lan

W ater
T em perature

M ethods PH  M ethods

D issolved
O xygen

M ethods
T urbid ity
M ethods

C onductivity
M ethods

E . coli
B acter ia
M ethods

Potentia l D ata
U ses

A
Q A P P  ap p ro ved

Q A  criteria  m et.

T herm o m eter o r
d a ta lo g g er.
A ccu racy  check ed
w ith N IS T  stand ard .

A = + /-0 .5  C
P = + /-1 .0  C

C alibra ted  p H
E lec tro d e

A = + /-0 .2
P = + /-0 .3

W ink ler T itra tio n
o r ca libra ted
O x y g en M eter

A = + /-0 .3 m g /1
P = + /-0 .5

M ep hlo m etric
T u rbid ity  M eter

A = + /-5 %  o f std .
va lu e .
P = + /-5 %

M eter. T em p era tu re
co rrec tio n to  2 5 C .

A = + /-7 %  o f
 std . va lu e .
P = + /-2 %

D E Q  A p p ro ved
M etho d s

S p lit S am p le
P = + /-0 .5  lo g

R eg u la to ry .

P erm itting .

C o m p liance  w ith
w ater q u a lity
stand ard s.

B M eets D E Q  D ata
A ccep tance  C rite ria

Thermometer or
datalogger on
NIST accuracy
check.

A = + /-2 .0  C
P = + /-1 .0  C

A ny  m etho d  w ith:

A = + /-0 .5
P = + /-0 .5

W ink ler T itra tio n
o r ca libra ted
O x y g en M eter

A = + /-1  m g /1
P = + /-1  m g /l

A ny  m etho d  w ith:

A = + /-3 0 %
P = + /-3 0 %

M eter.
T em p era tu re
co rrec tio n to  2 5 C .

A = + /-1 0 %
O f std . V alu e .
P = + /-5 %

D E Q
A p p ro ved
M etho d s

S p lit S am p le
P > + /-0 .5  lo g

S creening  leve l
info . –  R ed  flag  o r
early  w arning

C
M eets
D E Q  D ata  A ccep tance
C rite ria

U n-ca libra ted
therm o m eter

A ny  m etho d  + /- 1
p H  u nit

A ny  m etho d
+ /->  1  m g /1

O bserva tio ns c lear,
m u d d y , e tc .

M eter w itho u t
ro u tine  ca libra tio n.

P resence  –
A bsence  test k its E d u ca tio n

N O T E :  In  “ M ethods”  boxes, A  = A ccuracy and  P  =  P recision



Data Storage and Analysis 5 - 1 Water Quality Monitoring Guidebook
Version 2.0

C h ap ter 5

D a ta  S to ra g e  A n d  A n a ly sis

C h a p ter 4  em p h a siz ed  th e  im p orta n ce of in su rin g
d a ta  q u a lity.  If th e  step s d escribed  in  C h a p ter 4  h a ve
been  ta k en  to  a ch ieve th e  d esired  level of d a ta
q u a lity, th en  th e  m eth od  of s torin g  a n d  a n a lyz in g
th a t d a ta  is  eq u a lly im p orta n t.   D a ta  p rop erly stored
a n d  a n a lyz ed  is  essen tia l if th e  g oa l is  to  g a th er
cred ible  d a ta  for u se  by volu n teers , la n d ow n ers a n d
a g en cy p erson n el for m on itorin g , m a n a g em en t or
reg u la tory p u rp oses

F u rth er, th e  level of p recision  a n d  a ccu ra cy d esired
(see T a ble  4 -1 , C h a p ter 4 ) w ill  in flu en ce th e  a bility
to  d etect m ea n in g fu l d ifferen ces in  th e  d a ta .  F or
ex a m p le, if a  ca libra ted  th erm om eter is  u sed  in
tem p era tu re  m on itorin g  w ith  a  p recision  of ± 1
d eg ree, th en  it  w ill  n ot be  u sefu l in  d etectin g
tem p era tu re  ch a n g es of 0 .5  d eg ree (th e  criteria  for
L evel A  a ccu ra cy).  D a ta  collectors , th erefore , n eed
to  be a w a re of th e  level of d a ta  q u a lity th ey w a n t to
a ch ieve a s th ey d evelop  th eir  m on itorin g  p la n ,
p u rch a se or a cq u ire  eq u ip m en t, a n d  a n a lyz e th e  d a ta .

D a ta  sh ou ld  be  stored  a n d  ba ck ed  u p  on  both  th e
com p u ter h a rd  d rive a n d  d isk s.  D a ta  files  sh ou ld  be
clea rly la beled  for q u ick  id en tifica tion  of w h a t th e
file  con ta in s.

W h a t ba sic  d a ta  sh ou ld  be in clu d ed  in  files  w ill  va ry
d ep en d in g  on  th e  w a ter q u a lity p a ra m eter.  In
g en era l,  in clu d e th e  sa m p lin g  p oin t n a m e a n d
n u m ber, la titu d e a n d  lon g itu d e of th e  site ,  s trea m
n a m e, a n d  w h en  th e  d a ta  w a s collected  by d a te ,
m on th  a n d  yea r.  A ttem p tin g  to  rem em ber th e
p a rticu la rs  a bou t h ow  d a ta  w a s collected  m on th s
la ter ca n  be d ifficu lt;  th erefore , en ter th e  d a ta  a s  soon
a s p ossib le .  S om e of th e  eq u ip m en t u sed  in  th e
follow in g  p rotocols  ( tem p era tu re  m on itorin g  p robes)
m a y a ctu a lly crea te  d a ta  files .  I t  is  im p orta n t to
m a k e su re  th a t th e  d a tes a n d  tim es record ed  in  th ose
files  a re  correct.

D ata  A nalysis

M a k in g  g en era liz ed  com m en ts a bou t d a ta  a n a lysis  is
d ifficu lt beca u se su ch  a n a lyses w ill  va ry g rea tly
d ep en d in g  on  th e  p a rticu la r q u estion (s) a sk ed  a n d
w h a t p a ra m eters  a re  m ea su red .  D ifferen t levels  of
a n a lysis  ca n  be a p p rop ria te  for m ost p a ra m eters.

G ra p h ica l T ech n iq u es
G ra p h in g  d a ta  is  very u sefu l a n d  im p orta n t for
u n d ersta n d in g  th e ch a ra cteris tics  of th e  "d a ta  set"
(i .e .  th e  to ta l a m ou n t of d a ta  collected  for a  p a rticu la r
m on itorin g  site  or p roject)  a n d  id en tifyin g  a n y
p oten tia l re la tion sh ip s.  E x a m p les in clu d e ba r ch a rts ,
X Y  g ra p h s, freq u en cy d istr ibu tion s, or p ie  ch a rts .

F or ex a m p le, by g ra p h in g  strea m  tem p era tu re  versu s
d ista n ce from  a  d iv id e, a n  u n d ersta n d in g  of ba sin
tren d s ca n  d evelop .  B y g ra p h in g  strea m  tem p era tu re
versu s tim e, a n  u n d ersta n d in g  of w h en  th e h ig h est
tem p era tu res occu rred  ca n  be g a in ed .  T h is  a lso
p rovid es a  m ea n s to  ch eck  th e  d a ta  for a ccu ra cy.

D escrip tive  S ta tis tics
T h ese a re  th e  very ba sic  s ta tis tics  th a t d escribe a  d a ta
set (for m ore in form a tion  on  sta tis tica l a n a lysis ,  refer
to  th e  m on itorin g  m en tors lis ted  on  p a g e 7  in
C h a p ter 2 ).   C om m on ly rep orted  sta tis tics  a re:
m ed ia n , a vera g e, m a x im u m , m in im u m , a n d  sta n d a rd
d evia tion .  B y g ra p h in g  th e a vera g e p lu s a n d  m in u s
th e sta n d a rd  d evia tion , d a ta  collectors  beg in  to
u n d ersta n d  th e d istr ibu tion  of th eir  d a ta .

S ta tis tica l M eth od s
T h e p resen ta tion  of d a ta  in  a  va lid  scien tific  m a n n er
req u ires th a t a  s ta tem en t of th e  in vestig a tor’ s
con fid en ce in  th a t d a ta  be in clu d ed .  S ta tis tica l
m eth od s a re  th e  tools  u sed  to  sh ow  w h a t levels  of
con fid en ce, or th e  a m ou n t of error, in vestig a tors  h a ve
in  th e  d a ta .  A  n u m ber of s ta tis tica l m eth od s or
m od els  a re  a va ila ble  for a n a lyz in g  d a ta .
H ow ever, i t  is  critica l to  u n d ersta n d  th e a ssu m p tion s
of th ese  m od els  p rior to  u sin g  th em .  F or ex a m p le,
m a n y n a tu ra l resou rce d a ta  sets  m a y n ot be  n orm a lly
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d istribu ted  (i .e .  th e  sets  d on ’ t reflect a  n orm a l “ bell
sh a p ed ”  cu rve on  a  g ra p h ) a n d  th erefore  s ta n d a rd
a n a lytica l m eth od s m a y resu lt  in  a n a lyses th a t a re
fla w ed .  T h ese  p roblem s ca n  often  be  a d d ressed  by
log a rith m ic or p ow er tra n sform a tion s of th e  d a ta .
N on -p a ra m etric  m eth od s a re  a lso  a va ila ble  (H irsch  e t
a l.  1 9 9 2 ).  S om e sta tis tica l a n a lyses in clu d e:
A N O V A , m u ltip le  a n d  lin ea r reg ression ,
m u ltiva ria te  a n a lyses, a n d  correla tion  a n a lyses.
S om e u ser-frien d ly softw a re  p a ck a g es a re  a va ila ble
to  a id  sta tis tica l a n a lyses.  W ith ou t fa m ilia rity or
tra in in g  in  s ta tis tica l a n a lysis ,  h ow ever, h elp  in
d evelop in g  sta tis tica l m od els  w ill  be  n eed ed .
C on ta ct on e of th e  reg ion a l m on itorin g  coord in a tors
lis ted  on  p a g e 7  in  C h a p ter 2  for fu rth er a ssista n ce.

W a ter Q u a lity C riteria
O reg on  w a ter q u a lity criteria  a re  p rovid ed  on  th e  w eb
a t < h ttp ://w a terq u a lity.d eq .sta te .or.u s/w q /
w q ru les/w q ru les.h tm l> .  T h ese criteria  m a y be in
term s of a  seven -d a y m ovin g  a vera g e of th e  d a ily
m a x im u m  or m in im u m  tem p era tu res.  S p ecia l
con d ition s m a y a lso  be recog n iz ed  w h ich  n a tu ra lly
ca u se w a ter q u a lity to  ex ceed  th e sta n d a rd s.  F or
ex a m p le  ex trem e low  strea m flow s or p rolon g ed
w a rm  p eriod s ca n  ca u se strea m s to  ex ceed  sta te
tem p era tu re  s ta n d a rd s.  I t  is  u sefu l to  a n a lyz e th e
d a ta  collected  a n d  com p a re  th e  resu lts  to  th e  w a ter
q u a lity criteria .

D epositing  D ata

T h e O P S W  M on itorin g  T ea m  is  cu rren tly ex p lorin g
op tion s for s tora g e of th e  m on itorin g  d a ta  collected
for th e  O P S W .  S om e of th e  a tta ch ed  p rotocols
con ta in  ex a m p le  d a ta  sh eets .  T h ese sh eets  p rovid e a
tem p la te  for org a n iz in g  th e  d a ta  collected  by
volu n teers  in to  a  form a t com p a tib le  w ith  th e  O P S W
d a ta ba se.  In  g en era l,  som e im p orta n t com p on en ts
in clu d e:

•  G loba l P osition in g  D a ta  P oin t or la titu d e a n d
lon g itu d e

•  D a te of d a ta  collection

•  S trea m  n a m e

•  R esp on sible  p a rty

•  P roject objective

•  S ite  d escrip tion

•  M on itorin g  q u estion

•  P a ra m eters m ea su red

•  M a x im u m s, m in im u m s, a vera g es

T h ese p rotocols  w ill  con form  to  th e
recom m en d a tion s for d a ta  s tora g e th a t a re  bein g
d evelop ed  a n d  w ill ,  in  th e  fu tu re , p rovid e g u id elin es
for tra n sp ortin g  a n d  d eliverin g  th e  d a ta  to  th e  O P S W
d a ta ba se.  A t a  m in im u m , g u id elin es for th e  d a ta
stora g e form a t w ill  be  d evelop ed .  T h ose w ish in g  for
a d d ition a l in form a tion  on  p rog ress w ith  d a ta  s tora g e
issu es sh ou ld  con ta ct K elly M oore w ith  th e  O reg on
D ep a rtm en t of F ish  a n d  W ild life  (5 4 1 -7 3 7 -7 6 2 3 )

R eferences

H irsch , R .M ., H elsel,  D .R ., C olin , T .A ., a n d  G ilroy,
E .J . 1 9 9 2 .  S ta tis tica l a n a lysis  of h yd rolog ic  d a ta .  In
H a rd wo o d  o f h y d ro lo g y .  [E d .]  M a id m en t, D .R .
M cG ra w -H a ll,  In c .  C h a p ter 1 7

.
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C h ap ter 6

S trea m  T em p era tu re  P ro to co l

B ack ground

W a ter tem p era tu re  is  a  k ey fa ctor a ffectin g  th e
g row th  a n d  su rviva l of a ll  a q u a tic  org a n ism s.  T h e
effect of s trea m  tem p era tu re  on  fish , a m p h ibia n s,
m a croin vertebra tes, e tc . va ries  betw een  sp ecies
a n d  w ith in  th e  life  cycle  of a  g iven  sp ecies
(A rm ou r 1 9 9 1 ; B esch ta  e t a l.  1 9 8 7 ; B jorn n  a n d
R eiser 1 9 9 1 ; L a n tz  1 9 7 1 ; D E Q  1 9 9 5 ).  P referred
tem p era tu re  ra n g es for m a jor fish  sp ecies a n d  th eir
p a rticu la r life  s ta g es a re  sh ow n  in  T a ble  6 -1 .

In crea ses in  s trea m  tem p era tu re  ca u se a n  in crea se
in  a n  org a n ism ’ s m eta bolic  ra te  (W a rren  1 9 7 1 ).  If
en ou g h  food  is  a va ila ble , g row th  ra tes ca n  a ctu a lly
in crea se  w ith  som e in crea se  in  tem p era tu re .  F or
sa lm on id s, tem p era tu re  ra n g es of 4 0 -6 6 ° F  su p p ort
h ea lth y g row th .  O u tsid e th is  tem p era tu re  ra n g e,
sa lm on  a n d  trou t g en era lly d on ’ t g row  in  siz e , a n d
ex trem e tem p era tu res ca n  be le th a l.   R esea rch  h a s
fou n d  th a t e leva ted  strea m  tem p era tu res often
resu lt in  in crea sed  com p etition  for a  lim ited  food
su p p ly, w ith  you n g  sa lm on id s forced  in to  h a bita t
a rea s w h ere  th ey a re  ea sier p rey (R eeves, E verest
a n d  H a ll 1 9 8 7 ).  A s food  a va ila bility g oes d ow n ,
so  d oes th e  g row th  ra te .  In  a d d ition , e leva ted
strea m  tem p era tu res in crea se  th e  risk  of
d isea se-rela ted  m orta lity.

A s strea m  tem p era tu res in crea se , th e  a m ou n t of
d issolved  ox yg en  (D O )3a va ila ble  to  a q u a tic  b io ta
d ecrea ses.  A s a  resu lt,  even  if food  is  a bu n d a n t a t
h ig h er tem p era tu res, d ecrea ses in  D O  m a y
m eta bolica lly s tress  sa lm on id s, fu rth er in crea sin g
th eir  su scep tib ility to  d isea se .

W h en  tem p era tu res rea ch  stressfu l levels , p ock ets
of cool w a ter p rovid e “ refu g ia ”  for fish  a n d
a m p h ibia n  sp ecies th a t a re  sen sitive  to  h ig h  strea m
tem p era tu re .  C ool w a ter refu g ia  ca n  su sta in
p op u la tion s of sen sitive  sp ecies (S ed ell e t a l.  1 9 9 0 ).
C ool w a ter h a bita t ca n  be su sta in ed  in  d eep  p ools ,
cold  sp rin g s, a rea s of g rou n d w a ter in flow , a n d  a t
th e  ju n ction  of cooler tr ibu ta ry strea m s.

S trea m  tem p era tu re  h a s been  h ea vily resea rch ed
a n d  m on itored  (D E Q  1 9 9 6 ; D issm eyer 1 9 9 4 ).
S tu d ies h a ve in vestig a ted  th e  effects  of la n d
m a n a g em en t on  strea m  tem p era tu re , d evelop ed
m od els  to  p red ict s trea m  tem p era tu re , a n d
eva lu a ted  th e  effects  of e leva ted  tem p era tu re  on
a q u a tic  b io ta .  W h a t fo llow s is  a  d eta iled
d escrip tion  of h ow  to  m on itor s trea m  tem p era tu re
a t m u ltip le  sca les.  P le a se  re fe r to  p re v io u s
c h a p te rs a n d  A p p e n d ix  B  fo r in fo rm a tio n  o n
d e v e lo p in g  a  m o n ito rin g  p la n , se le c tin g  site s , a n d
sto rin g  d a ta .

                                               
3
 The term "dissolved oxygen" (DO) refers to the amount of oxygen that is dissolved in water at a given temperature and atmospheric pressure.  The

amount of dissolved oxygen available in the stream is important for the respiratory and other metabolic functions of water borne organisms.
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T able 6-1 .  O ptim um  and  lethal lim it tem perature ranges for coho, ch inook , and  bu ll trout.

F ish S p ec ies D E Q  S tand ard
P referred  Ju venile

T em p era tu re  R ang e
A d u lt m ig ra tio n,

ho ld ing , o r sp aw ning L etha l L im it

C o ho 6 4 ° F 5 4 -5 7 ° F 4 5 -6 0 ° F 7 7 ° F

C hino o k 6 4 ° F 5 0 -6 0 ° F 4 6 -5 5 ° F 7 7 ° F

B u ll T ro u t 5 0  ° F 3 9 -5 0 ° F 3 9 -5 9 ° F ---------

M entors

A s w ith  a n y m on itorin g  p roject,  q u estion s w ill  com e
u p  th a t a re  n ot a n sw ered  or covered  su ffic ien tly in  th is
p rotocol.  T h erefore , a  g rou p  of m en tors th a t a re
a g en cy ex p erts  in  m on itorin g  h a ve been  id en tified .
T h ese  m en tors m a y be con ta cted  w ith  sp ecific
q u estion s a bou t a  p a rticu la r m on itorin g  effort.

S ta tew id e D E Q  V olu n teer M on itorin g  C oord in a tor
K a ren  W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:   w illia m s.k a ren @ d eq .sta te .or.u s

N orth  C oa st
L a rry C a ton  (5 0 3 )2 2 9 -5 9 8 3 ;
E -m a il:   ca ton .la rry@ d eq .sta te .or.u s

S ou th  C oa st &  W illa m ette
D en n is A d es (5 0 3 ) 2 2 9 -5 9 8 3 ;
E m a il:   a d es.d en n is@ d eq .sta te .or.u s

E a stern  O reg on
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3 ;
E -m a il:   m a rx er.la rry@ d eq .sta te .or.u s

E quipm ent

T em p era tu re  R ecord ers
T em p era tu re  record ers in clu d e m a x im u m /m in im u m
th erm om eters , m ech a n ica l th erm og ra p h s, a n d  d ig ita l
th erm og ra p h s or tem p era tu re  d a ta  log g ers.

M a x /m in  record in g  th erm om eters  d esig n ed  for to ta l
im m ersion  m a y be u sed , bu t req u ire  d a ily s ite  v isits
d u rin g  th e  en tire  sa m p lin g  p eriod .  U se of m a x /m in
d a ta  is  a lso  lim ited  beca u se it  la ck s in form a tion  a bou t
th e len g th  of tim e w h en  tem p era tu res w ere  a t or n ea r
th e  m a x im u m .  T h ey a re  th erefore  n ot p referred  in
m ost w a tersh ed  stu d ies.

M ech a n ica l th erm og ra p h s h a ve been  u sed  su ccessfu lly
in  w a tersh ed  stu d ies.  R elia bility ca n  be a  p roblem  for
som e m ech a n ica l th erm og ra p h s a n d  th e d a ta  n eed s to
be tra n sferred  from  th e in stru m en t to  a  d a ta ba se.

T em p era tu re  d a ta  log g ers a re  th e  p referred
tem p era tu re  record er for w a tersh ed  m on itorin g .
T h ese d a ta  log g ers h a ve tem p era tu re  record ers th a t
ca n  be set to  record  a t reg u la r in terva ls  (u su a lly
h ou rly).  T h is  a llow s th em  to  ca p tu re  th e  sh a p e of th e
w a ter tem p era tu re  over a  d a y.  S h orter tim e in terva ls
w ill  m ore c losely a p p rox im a te  th e  m a x im u m  for a n y
d a y.  T h ese typ es of in stru m en ts con tin u ou sly record
d a ta  for w eek s or even  m on th s.  T h is  m a k es it  m ore
lik ely to  d etect th e  m a x im u m  d a ily tem p era tu re
d u rin g  th e  critica l s trea m  tem p era tu re  sea son .  D a ta
log g ers a lso  sig n ifica n tly red u ce th e  w ork  loa d  of th e
p erson  or g rou p  con d u ctin g  th e  m on itorin g  beca u se
d a ta  ca n  be d irectly d ow n loa d ed  to  a  com p u ter
d a ta ba se.  T h e cost of tem p era tu re  d a ta  log g ers
con tin u es to  d eclin e  w h ile  th eir  re lia bility a n d  ea se
of u se  con tin u es to  im p rove.  A  lis t  of m a n u fa ctu rers
w h o sell  tem p era tu re  record ers a n d  th eir  p h on e
n u m bers is  p rovid ed  in  T a ble  6 -2 .

T able 6-2 .  T em perature recorder m anufacturers and  their
telephone num bers.

C o m p any T elep ho ne

V em co (9 0 2 ) 8 5 2 -3 0 4 7

O nse t (5 0 8 ) 7 5 9 -9 5 0 0

R y an (2 0 6 ) 8 8 3 -7 9 2 6

T em p era tu re  record ers m u st h a ve a  tem p era tu re
ra n g e w h ich  is  a p p rop ria te  for th e  en viron m en t th a t
w ill  be  m on itored .  W a ter tem p era tu res d o  n ot va ry
a s g rea tly a s  a ir  tem p era tu res, bu t th ey ca n  ch a n g e
1 0  to  1 5 º C  over a  2 4 -h ou r p eriod .  In stru m en ts w ith
a  m ea su rem en t ra n g e of – 5 º C  to  3 5 º C  a re  su ita ble
for m on itorin g  a ll  s trea m  system s.
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T em p era tu re  record ers sh ou ld  h a ve a  a n  a ccu ra cy of
a p p rox im a tely 0 .3 º C  or better  for L evel A  q u a lity d a ta
(S ee C h a p ter 4 ).   T h is  in form a tion  w ill  be  a va ila ble
from  th e m a n u fa ctu rer.

L isted  below  a re  severa l u sefu l m a teria ls  a n d  p ieces of
eq u ip m en t th a t sh ou ld  be ta k en  to  th e  fie ld  to  in sta ll
or service  tem p era tu re  p robes.

•  S ecu rin g  d evices su ch  a s reba r, a ircra ft ca bles,
lock s, a n d /or d iver’ s  w eig h ts

•  S u rveyors m a rk in g  ta p e

•  2 -p ou n d  sled g e h a m m er

•  W ire cu tters  or p ock et k n ife

•  T em p era tu re  record in g  eq u ip m en t req u irem en ts
(silicon e rin g s, su bm ersib le  ca ses, s ilicon e g rea se ,
silica  p a ck ets)

•  P orta ble  com p u ter a n d  in terfa ce  a s n eed ed  by th e
tem p era tu re  record er if d ow n loa d in g  a n d
la u n ch in g  w ill  be  com p leted  in  th e  fie ld

•  B a ck u p  ba tteries  a n d  tem p era tu re  record ers

•  T im ep iece

•  F ield  book

•  W a d ers

•  C a m era  a n d  film

•  M a ch ete  or o th er bru sh in g  eq u ip m en t

•  M a p s a n d  a eria l p h otos

•  W ood  or m eta l s ta k es or sp ik es G loba l
P osition in g  S ystem  D evice

•  F irst a id  k it  a n d  p erson a l ID

C alibration  Vs. A ccuracy C heck

C heck ing  the  tem p era tu re  lo g g er ag a inst a  k no w n tem p era tu re  is  o ften re fe rred
to  as “ ca libra ting ”  the  instru m ent.  T his is  a  m isno m er, ho w ever, since  the
tem p era tu re  read ing s o f co ntinu o u s tem p era tu re  lo g g ers canno t be  chang ed  to
ag ree  w ith a  k no w n stand ard  (i.e .,  ca libra ted ).  T he ir read ing  is  sim p ly  check ed
ag a inst a  k no w n tem p era tu re , and  any  d evia tio n fro m  the  k no w n tem p era tu re  is
reco rd ed .  W e re fe r to  this  p ro ced u re  as an accu racy  check .
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T able 6-3 .  E stim ated  equ ipm ent costs.

E q u ip m ent R eq u ired  C o sts * P o ssible  S hared  C o sts

N IS T ** therm o m eter $ 1 8 0

A u d it therm o m eter $ 6 0

C o m p u ter (lap to p  if fie ld  d o w nlo ad s a re  p lanned ) $ 2 5 0 0

W ad ers $ 1 0 0

R ebar, cables, tu bing , e tc . $ 1 0 0

S u rvey o rs tap e $ 2  / u nit

S led g e  H am m er $ 1 5

W ire  cu tte rs $ 1 0

C am era  and  film $ 1 0 0

M ap s $ 3  /each

C o m p ass $ 3 0

*** G lo ba l P o sitio ning  S y stem  (G P S ) $ 5 0 0

F ie ld  no tebo o k $ 1 0

W atch $ 2 0

B ack u p  ba tte ries $ 1 0 /each

B ack u p  tem p era tu re  reco rd ers $ 1 3 5 /each

T O T A L $ 3 6 0 $ 3 4 1 5

*  R eq u ired  co sts a re  tho se  ex p enses each stu d y  w ill incu r.  A ctu a l to ta l co st w ill d ep end  o n the  nu m ber o f stu d y  sites and  tem p era tu re  lo g g ing
u nits  req u ired .  S hared  co sts a re  fo r item s u sed  infreq u ently  and  co u ld  be  shared  be tw een d iffe rent g ro u p s o r p ro jec ts.

** N atio na l Institu te  o f S tand ard s and  T echno lo g y

*** A ccu ra te  lo ca tio n o f stu d y  sites o n a  m ap  and  la titu d e  and  lo ng itu d e  info rm atio n is  necessary .  A  G P S  u nit is  o ne  sim p le  w ay  o f co llec ting
this info rm atio n, bu t it can a lso  be  o bta ined  fro m  g o o d  m ap s.  A  G P S  u nit is  no t req u ired .  E x ce llent m ap  lo ca tio n info rm atio n is  a lso  ava ilable
o n C D -R O M s fo r abo u t $ 2 0 .

E q u ip m en t C os ts
E s tim a tes  o f eq u ip m en t cos ts  a re  b a s ed  on  1 9 9 7  p rices
(T a b le  6 -3 ).  I t m a y b e  p os s ib le  to  s h a re  s om e
eq u ip m en t w ith  o th ers  d o in g  s im ila r m on ito rin g  or to
receive  fu n d in g  from  th e  D E Q   H ea lth y S trea m s
P a rtn ers h ip  p rog ra m  for eq u ip m en t.

E q uip m ent S e t-U p

H a rd w a re  a n d  S oftw a re  C h eck s
P rior to  g o in g  to  th e  fie ld , m a k e s u re  th e  op era tor is
fa m ilia r w ith  th e  s oftw a re  fo r th e  com p u ter a n d  d a ta
log g er.  T h e c lock  on  th e  com p u ter s h ou ld  b e
s yn ch ron ized  w ith  th e  u s er’ s  w a tch .  K n ow in g  th e

q u a lity o f th e  d a ta  b ein g  co llec ted  is  n eces s a ry fo r a n y
m on itorin g  effort.  T h e fo llow in g  p roced u res  d es crib e
m eth od s  fo r d ocu m en tin g  th e  a ccu ra cy of th e
tem p era tu re  record ers  b efore  a n d  a fter th ey a re  d ep loyed
in  th e  fie ld , a n d  tes tin g  for p rop er fu n ction  d u rin g  th e
s a m p lin g  p eriod .  T em p era tu re  record ers  n o t p rop erly
tes ted  m a y res u lt in  d a ta  s h ow in g  s trea m s  cooler o r
w a rm er th a n  a ctu a l tem p era tu res .

P re- a n d  P os t-d ep loym en t A ccu ra cy C h eck s
T h e a ccu ra cy of tem p era tu re  record ers  n eed s  to  b e  tes ted
b efore  a n d  a fter fie ld  d ep loym en t to  in s u re  th a t th ey a re
op era tin g  w ith in  th eir d es ig n ed  ra n g e of a ccu ra cy.
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M on itorin g  eq u ip m en t w ith  d eta ch a b le  s en s ors  s h ou ld
b e m a rk ed  in  o rd er to  m a tch  s en s ors  w ith  tem p era tu re
record ers .  T h is  a llow s  a n  in s tru m en t a n d  s en s or to  b e
con s is ten tly tes ted  tog eth er, a n d  a ls o  m a k es
m a lfu n ction s  ea s ier to  d ia g n os e  a n d  correct.  A  log b ook
is  h elp fu l to  d ocu m en t ea ch  u n it’ s  a ccu ra cy, ch eck  d a tes
a n d  tes t res u lts . (A n  exa m p le  of a  tem p era tu re  a u d it
fo rm  is  s h ow n  in  T a b le  6 -4 .)

A ccu ra cy ch eck s  s h ou ld  b e  m a d e a t on e or m ore
tem p era tu res , p refera b ly tw o; on e b etw een  5 -1 5 º C  (4 2 -
6 2 º F ) a n d  on e b etw een  1 5 -2 5 º C  (6 2 -8 2 º F ).  T es tin g  is
d on e u s in g  a  s ta b le  th erm a l m a s s , s u ch  a s  a  w a ter-filled
th erm os  b o ttle  o r coo ler.  P roced u res  fo r d eterm in in g
tem p era tu re  record er a ccu ra cy a re  a s  fo llow s :

N eed ed  E q u ip m en t

•  N IS T  (N a tion a l In s titu te  o f S ta n d a rd s  a n d
T ech n olog y) tra cea b le  (ca lib ra ted  a n d  m a in ta in ed )
th erm om eter a ccu ra te  to  ± 0 .2 º C  or a  fie ld  a u d it
th erm om eter a ccu ra te  to  ± 0 .2 º C  or b etter, th a t h a s
b een  ch eck ed  a g a in s t a n  N IS T  tra cea b le
th erm om eter. (N IS T  tem p era tu res  a re  g iven  in
C els iu s .  P lea s e  refer to  th e  ta b le  in  A p p en d ix  G ).

•  1  or 2  m ed iu m  s ized  coolers

•  T em p era tu re  a u d it fo rm s

•  S m a ll w eig h ts  (b a g s  o f s a n d , d iver w eig h ts , lea d
w eig h ts , e tc .)

•  T em p era tu re  record ers .  N ote : I f u s in g  H O B O s , d o
not u s e  th eir s ea led  p la s tic  ca s es .

•  2  b a g s  of ice

A ccu ra cy C h eck  P roced u re

1 . F or th e  2 0 º C  ca lib ra tion  tes t, p ou r room
tem p era tu re  w a ter in to  a  coo ler.  A d ju s t
tem p era tu re  in  th e  ice  ch es t w ith  ice , co ld  w a ter, o r
w a rm  w a ter to  th e  d es ired  tem p era tu re  n ea r 2 0 º C .
I f ice  is  u s ed  m a k e s u re  it a ll m elts .  C los e  lid .
R ep ea t p roced u re  fo r th e  1 0 º  ca lib ra tion  tes t b u t
s ta rt w ith  co ld  w a ter.

2 . In s ert th e  N IS T  th erm om eter p rob e th rou g h  a  h o le
in  th e  coo ler lid .  P u ll it th rou g h  en ou g h  s o  th a t
w h en  th e  lid  is  c los ed , th e  p rob e w ill b e  s u s p en d ed
m id w a y (or s lig h tly h ig h er) in  th e  w a terb a th .

3 . U s e a ccom p a n yin g  s oftw a re  a n d  a  la p top  com p u ter
to  s e t th e  record ers  to  a  1 -m in u te  tim e in terva l.

4 . M os t tem p era tu re  p rob es  ca n  b e  p la ced  d irectly in to
th e  w a terb a th .  I f th e  tem p era tu re  record ers  a re
eith er in tern a l o r ex tern a l s en s or H O B O s , p la ce  th e
tem p era tu re  record ers  w ith ou t th eir ca s es  in to  a

p la s tic  p in t-s ize  Z ip lock ®  b a g .  P la ce  th is  b a g
in s id e  a  g a llon -s ize  p la s tic  b a g  a lon g  w ith  th e  s m a ll
w eig h t(s ).  T h e w eig h t(s ) s h ou ld  b e  s u ffic ien t in
m a s s  to  h o ld  d ow n  th e  com b in ed  liftin g  force  o f th e
tem p era tu re  record ers  a n d  th e  a ir tra p p ed  in s id e  th e

Z ip lock ®  b a g s  w h ile  a llow in g  th e  tem p era tu re
record ers  to  b e  s u s p en d ed  in  th e  w a ter co lu m n .
P la ce  th e  d ou b le  b a g g ed  H O B O s  in to  th e
w a terb a th .

5 . W a it a p p roxim a tely a n  h ou r o r u n til th e  w a terb a th
tem p era tu re  h a s  s ta b ilized  b efore  record in g  th e
N IS T  tem p era tu res  in  a  log b ook .  R ecord
tem p era tu res  every m in u te  fo r five  m in u tes  (a  to ta l
o f s ix  rea d in g s ).  M ore  rea d in g s  m a y b e  n eces s a ry if
th ere  is  s u s p ic ion  th a t th e  w a terb a th  tem p era tu re
h a s  n o t rea ch ed  a n  eq u ilib riu m .

6 . D ow n loa d  tem p era tu re  res u lts  from  tem p era tu re
record ers  a n d  record  log g er res u lts  a n d  a u d it
th erm om eter res u lts  w ith  tim e of record  on  a n  a u d it
fo rm .  W a ter tem p era tu res  s h ou ld  n o t va ry m ore
th a n  ± 0 .5 º C  b etw een  th e  N IS T  record ed
tem p era tu re  a n d  th e  d a ta  log g er’ s  tem p era tu re .
U n its  n o t p a s s in g  th e  a ccu ra cy tes t s h ou ld  n o t b e
u s ed .

N IS T  th erm om eters  a re  a va ila b le  a t D E Q  offices  in
C oos  B a y, A s toria , a n d  M ed ford , a n d  a t th e  H a tfie ld
M a rin e  S cien ce  cen ter in  N ew p ort.  D E Q  h a s  6 0  N IS T
th erm om eters  a va ila b le  fo r u s e  b y w a ters h ed  cou n cils .
C on ta ct th e  tem p era tu re  m en tor w ith  a d d ition a l
q u es tion s  a b ou t a ccu ra cy ch eck s .  R em em b er, a ccu ra cy
ch eck s  s h ou ld  b e  m a d e b efore  u n its  a re  d ep loyed  a n d
a fter th ey a re  re trieved  a t th e  en d  of th e  s a m p le  p eriod ..
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T a b le 6 -4 .  T em p era tu re log g er a u d it form .

Project Name:
Temperature Logger ID: Site Name:
Data File Name: Site STORET #:
Date of Battery Installation: USGS Quad Name & #:

Site Latitude:
Start Date: Site Longitude:
Interval: Site Description:
Duration:

Pre- Deployment Temperature Check Pre- Deployment Temperature Check
Date of Check: Date of Check:
Master thermometer ID:     DEQ Master thermometer ID:     DEQ
Low Temp TEMP TEMP Room Temp TEMP TEMP
TIME MASTER UNIT Difference STATUS TIME MASTER UNIT Difference STATUS

AUDIT VALUES Water Temperature Air Temperature Audit Thermometer ID
Date Time Audit Logger Audit Logger Comments STATUS

COMMENT:

Post- Deployment Temperature Check Post- Deployment Temperature Check
Date of Check: Date of Check:
Master thermometer ID:     DEQ Master thermometer ID:     DEQ
Low Temp TEMP TEMP RoomTemp TEMP TEMP
TIME MASTER UNIT Difference STATUS TIME MASTER UNIT Difference STATUS

- - - - - - - -
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
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A lterna tive M eth od
T o a ch ieve L evel A  da ta  q u a lity  ( th e h igh est level
a s describ ed in  C h a pter  4 , D a ta  Q u a lity )  th e
a ccu ra cy ch eck procedu re u sing a n N IS T
th erm om eter  describ ed a b ove m u st b e u sed.  I f a
low er level of da ta  q u a lity  (L evel B  or  C — see
pa ge C h a pter  4  D a ta  Q u a lity )  is  a ccepta b le for  a
project, a n a lterna te  a ccu ra cy ch eck procedu re ca n
b e u sed th a t does not req u ire  a  N IS T  th erm om eter .

F or th is  m eth od, crea te  a n ice-w a ter  s lu rry in  a
la rge insu la ted cooler  b y m ix ing cold w a ter  w ith  a
la rge a m ou nt of ice .  T em pera tu re recorders  ca n b e
pla ced into th e cooler  to  ch eck th a t th ey a re
perform ing a ccu ra tely.  T h ey sh ou ld rea d 0 ° C
(± 0 .5 º C ).  M u ltiple  prob es ca n b e pla ced in  th e
cooler  a t th e sa m e tim e to  provide cross-ch ecks.
T h is  m eth od only a ssu res  a ccu ra cy a t 0 ° C .  If th e
da ta  w ill b e u sed for  regu la tory pu rposes, th e
describ ed N IS T  m eth od m u st b e u sed instea d

F ield C h ecking Instru m ent P erform a nce
In a ddition to  pre-  a nd post-deploym ent ch ecks,
ch eck tem pera tu re recorders  du ring th e fie ld
m ea su rem ent per iod.  A  fie ld ch eck com pa res th e
continu ou s tem pera tu re recorder rea ding w ith  th e
rea ding on a  fie ld a u dit th erm om eter .  T h e pu rpose
in condu cting fie ld ch ecks is  to  insu re da ta
a ccu ra cy.

A ttem pt to  ob ta in a t lea st tw o fie ld  tem pera tu re
a u dits  for  th ree m onth s of sa m pling— one a fter
deploym ent w h en th e instru m ent h a s rea ch ed
th erm a l eq u ilib riu m  w ith  th e s trea m  (a pprox im a tely
3 0  m inu tes  to  1  h ou r a fter  pla cem ent) , a nd one ju st
b efore tem pera tu re u nits  a re  rem oved from  th e
strea m .  A dditiona l fie ld  ch ecks, w h ile  not cr itica l,
a re  u sefu l a s  th ey ca n m inim iz e loss  of da ta  in  ca se
loggers  m a lfu nction du ring th e sa m ple period.
F ield a u dit th erm om eters  u sed for  fie ld ch ecks
sh ou ld h a ve a n a ccu ra cy of ± 0 .5 º C  (± 1 .0 º F ) a nd
resolu tion of ± 0 .2 º C  (± 0 .4 º F ).

C h eck th e tem pera tu re b y pla cing th e a u dit
th erm om eter  nex t to  th e continu ou s m onitoring
instru m ent’ s  sensor .  T h e tem pera tu re is  recorded
w h en a  s ta b le  rea ding is  ob ta ined.  A  sta b le  rea ding
is  u su a lly  a ch ieved w ith in 1 0  “ th erm a l response
tim es” .  F or ex a m ple, a  th erm om eter  w ith  a

1 0 -second response tim e (refer  to  m a nu fa ctu rer
specifica tions)  sh ou ld give a  s ta b le  rea ding w ith in
1 0 0  seconds.

M ost tem pera tu re recorders  interru pt da ta
collection w h en th e u nit is  connected to  a  com pu ter .
W ith  th is  type of u nit, fie ld  ch ecking da ta  ca n only
b e a pplied b y “ post-processing”  ( i.e ., a fter  th e u nits
a re  retr ieved a nd th e s tored da ta  a re  offloa ded) .
F or th is  rea son, fie ld  a u dit tim es sh ou ld b e
sch edu led close to  th e tem pera tu re recorder’ s
logging tim e.  O th erw ise, ra pidly ch a nging w a ter
tem pera tu res m a y ca u se th e a u dit th erm om eter  to
record a  different tem pera tu re th a n th e logger .

T em pera tu re recorders  typica lly  set da te  a nd tim e
b a sed on th e set-u p com pu ter’ s  c lock.  F ield
personnel sh ou ld synch roniz e w a tch es to  th is  tim e,
oth erw ise a  poorly tim ed ch eck cou ld ca u se va lid
da ta  to  b e rejected.  P ost-processing a u dit a ccu ra cy
sh ou ld b e w ith in ±  1 .5 º C  (± 3 º F ) a s  w ell.

F ie ld  M etho d s

S ite  S election
C h a pter  3  a ddresses s ite  selection criter ia .  S om e
a dditiona l considera tions u niq u e to  s trea m
tem pera tu re (F igu re 6 -1 )  inclu de:

Insta ll tem pera tu re recorders  a t s ites  w ith
tu rb u lence a nd m ix ing, su ch  a s r iffles , ru ns, or
ca sca des (h igh  s trea m  energy, fa st m oving
strea m  rea ch es) .

Insta ll tem pera tu re recorders  tow a rd th e low est
point of th e ch a nnel b ed ( th e“ th a lw eg” )   of th e
ch a nnel w h ere possib le .

C onsider  th a t flow  w ill decrea se th rou gh ou t th e
su m m er a nd a  loca tion th a t a ppea rs  a deq u a te  in
J u ne m a y lea ve th e tem pera tu re recorder
ex posed in  A u gu st.

S om e resea rch ers  h a ve recom m ended sh a ding
tem pera tu re recorders  from  direct su nligh t.
D iscu ss th is  w ith  a  tem pera tu re m entor.

D o not pla ce m onitor ing eq u ipm ent in  pools , a rea s
w h ere s trea m  tem pera tu res  ca n b e s tra tified b y
depth  or  ch a nnel w idth , or  oth er  confou nding
va ria b les (S ee C h a pter  3 ) , u nless  th e specific
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pu rpose is  to  eva lu a te  th ese a rea s for  tem pera tu re refu gia .

Channel bottom

Water surface

Thermisto r secured

to substrate

F ig u re 6 -1 .  Illu stra tion  of  tem p era tu re record er in sta lla tion  a n d  site loca tion s.

A deq u a te M ix ing
If u ncerta in w h eth er  a  selected s ite  h a s a deq u a te
m ix ing, a  h a nd-h eld th erm om eter  ca n b e u sed to
eva lu a te  th e degree of m ix ing.  M a ke freq u ent
m ea su rem ents  h oriz onta lly  a nd vertica lly  a cross th e
strea m  cross-section.  I f s trea m  tem pera tu res a re
rela tively h om ogeneou s th rou gh ou t th e
cross-section du ring su m m er low -flow  conditions,
th en su ffic ient m ix ing ex ists .

Insta lla tion
Insta lla tion of th e sensor4  or  prob e a t th e
m onitor ing s ite  ca n b e a n im porta nt considera tion.
M onitoring eq u ipm ent m u st b e insta lled so th a t th e:

•  tem pera tu re sensor is  com pletely su b m erged

•  tem pera tu re sensor is  not in  conta ct w ith  th e
b ottom  or oth er  m a ss th a t cou ld serve a s  a  h ea t
s ink/sou rce

•  w h ere possib le , th e sensor is  set a b ou t h a lf-
w a y in  th e w a ter  colu m n

F or non-w a dea b le s trea m s, th e sensor  sh ou ld b e
pla ced one m eter  b elow  th e su rfa ce, b u t not in
conta ct w ith  a  la rge th erm a l m a ss like a  b ridge
a b u tm ent or  b ou lder .  I f volu nteers  a re  w orking in  a
la rge, non-w a dea b le s trea m , conta ct th e
tem pera tu re m entor  for  gu ida nce.  F ield ch ecks

                                               
4 

The sensor is the thermistor or other temperature detector and is a
part of the temperature recorder. The sensor or probe must be
submerged in the water column, not the temperature recorder.

du ring th e m onitor ing sh ou ld confirm  th a t th e
tem pera tu re sensor  h a s rem a ined su b m erged, th a t it
is  not b u ried in  th e su b stra te , a nd th a t it h a s not
b een da m a ged b y ch a nging flow s, a nim a ls  or
va nda ls .

T em pera tu re recorders  freq u ently  b ecom e coa ted
w ith  a lga e or  s ilt a nd ca n b e difficu lt to  loca te  w h en
one retu rns to  retr ieve th e u nit or  ch eck th e
tem pera tu re.  A  ph otogra ph  of th e m onitor ing s ite
ca n b e u sefu l for  loca ting eq u ipm ent.  T h e
G overnor’ s  W a tersh ed E nh a ncem ent B oa rd (1 9 9 3 )
provides gu ida nce for  ph oto docu m enta tion of
m onitoring sites .

Insta lling, m a inta ining, a nd retr ieving th e
tem pera tu re recorder  is  fa ir ly  s im ple.  T h e genera l
procedu re for  fie ld w ork is  a s  follow s:

1 . S ta rt th e tem pera tu re recorder  eith er  pr ior  to
going to  th e fie ld  or  in  th e fie ld  w ith  a  la ptop
com pu ter .  F ollow  instru ctions for  th e specific
logging device.  M a ny tem pera tu re loggers
h a ve a  dela yed s ta rt fu nction w h ich  a llow s
th em  to b e initia liz ed prior  to  going to  th e fie ld .
I t a lso a llow s recorders  to  b e synch roniz ed to
h a ve th e sa m e sta rting tim e th rou gh ou t th e
w a tersh ed.

2 . S ecu re th e tem pera tu re recorder  w ith  reb a r ,
ca b le , or  w eigh ts  depending on th e s trea m b ed
ch a ra cteris tics , in  a  section of s trea m  ch a nnel
w ith  a deq u a te  m ix ing a nd flow .
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3 . R ecord in  a  fie ldb ook th e tim e of deploym ent
a nd h ow  long th e m onitor  w ill record
m ea su rem ents .  C h eck th e s trea m  tem pera tu re
w ith  a n a u dit th erm om eter .  R ecord site
conditions, w ea th er  conditions, a nd s ite
loca tion u sing la titu de a nd longitu de.

4 . C ollect a ny a dditiona l environm enta l
pa ra m eters  of interest su ch  a s r ipa ria n sh a de,
flow , ch a nnel w idth  a nd depth , su b stra te
com position, a nd r ipa r ia n vegeta tion
ch a ra cteris tics .  F or m ore inform a tion on th ese
m ea su res , ch eck th e follow ing references: E P A
1 9 9 3 ; E P A  1 9 9 6 ; B jornn a nd R eiser  1 9 9 1 ;
O D F  1 9 9 4 ; a nd A ppendix  D .

5 . P h otogra ph  th e s ite  loca tion for  fu tu re
reference.  W rite  a  description of th e s ite  a nd
sketch  th e ex a ct loca tion of th e tem pera tu re
recorder .  R ecord th e ser ia l nu m b er of th e
logger  w ith  ea ch  s ite  description.

6 . If possib le , perm a nently  m a rk th e s ite  loca tion.
V a nda lism , th eft, a nd la ndow ner perm ission
sh ou ld b e considered.

A tta ch ing a nd S ecu ring th e T em pera tu re R ecorder
D E Q  u ses a ircra ft ca b le to  a tta ch  tem pera tu re
m onitors  for  secu rity  pu rposes a nd s ta b iliz a tion in
la rge r iver  system s.  O th er  secu ring devices su ch  a s
reb a r  a nd h ose cla m ps or  diver’ s  w eigh ts  a lso ca n
b e u sed.

R etr ieva l a nd/or  M id-S ea son R edeploym ent

1 . L oca te  th e tem pera tu re recorder  a nd ch eck
strea m  tem pera tu re w ith  a u dit th erm om eter
b efore rem oving it from  th e s trea m .

2 . O ffloa d th e da ta  u sing a  la ptop com pu ter  a nd
th e tem pera tu re recorder’ s  specific  softw a re.
B a ck u p th e da ta  files  on b oth  th e h a rd drive
a nd a  disk.

3 . R ecord th e tim e of dow nloa ding, s ite  conditions
(ch a nges in  s trea m flow , r ipa ria n vegeta tion,
etc .) , a nd w ea th er  conditions.

M o nito r ing  T im ing

F or a ssessing m a x im u m  strea m  tem pera tu re,
continu ou s tem pera tu re m onitoring is  genera lly
condu cted from  J u ne th rou gh  S eptem b er w h en sola r

a ngles  a re  h igh  a nd s trea m flow  is  low .  W h ere th is
is  not possib le , m onitor ing ca n b e condu cted du ring
a  th ree-m onth  period inclu ding J u ly a nd A u gu st
w h en strea m  tem pera tu res  a re  genera lly  th e h igh est.
D epending on s tu dy ob jectives , tem pera tu re da ta
m a y b e of interest du ring fish  spa w ning sea sons
a lso.  T h is  typica lly  occu rs in  th e fa ll, w inter , or
spring.  Idea lly , a t lea st tw o w eeks of da ta  sh ou ld
b e collected on eith er  s ide of th e period of
m a x im u m  tem pera tu re.

M o nito r ing  F req uency

T h e m onitor ing freq u ency sh ou ld b e a deq u a te  to
provide a  rea lis tic  estim a te of th e m a x im u m
tem pera tu re.  I f m onitor ing da ta  a re  collected
infreq u ently , th e m a x im u m  tem pera tu re m a y b e
m issed.  T h e  M o n ito rin g  T e a m  re c o m m e n d s th a t
th e  m o n ito rin g  fre q u e n c y  sh o u ld  b e  se t fo r
c o n tin u o u s te m p e ra tu re  re c o rd e rs a t o n e  h o u r
in te rv a ls .  M ore freq u ent m onitor ing ca n m ore
precisely determ ine th e du ra tion of da ily  m a x im u m
tem pera tu res .  T h e disa dva nta ge to  m ore freq u ent
rea dings is  few er da ys of da ta  collection a re
possib le  a nd m ore da ta  points  for  th e sa m e period
of tim e m u st b e s tored a nd a na lyz ed.

D a ta  A na ly s is

D a ta  Q u a lity
R eview ing da ta  for  errors  pr ior  to  a na lysis  is
im porta nt.  V iew ing da ta  gra ph ica lly  a s  soon a s
possib le  is  a  good w a y of ch ecking for  errors .
S om e da ta  logging softw a re a ctu a lly  gra ph  th e da ta
w h ile  it is  offloa ded from  th e tem pera tu re recorder.
G ra ph ing th e da ta  provides a  view  of th e entire
period of record.  T h e collected da ta  set ca n th en b e
scru tiniz ed for  illogica l or  incorrect segm ents .  F or
ex a m ple, ex trem ely h igh  or  low  b lips  a nd su sta ined
periods of little  or  no ch a nge in  tem pera tu re sh ow n
b y fla t portions on th e gra ph  a re  a rea s  of concern.
O ften th ese a rea s  ex ist a t th e b eginning or  end of
th e da ta  file  a nd ca n resu lt from  sta rting th e
tem pera tu re recorder  long b efore it is  pla ced in  th e
strea m .  A rea s of concern in  th e m iddle of th e da ta
period m a y h a ve occu rred w h en th e tem pera tu re
recorder  w a s ex posed to  th e a ir  b eca u se of low  flow
or b eca u se of rem ova l b y a nim a ls , or  va nda ls .
T h ese a rea s  of concern m u st b e deleted from  th e
da ta set.  H ow ever, it is  va lu a b le  to  keep a  b a cku p
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file  of th e com plete  u na ltered da ta set in  ca se th e
da ta  q u a lity  com es into q u estion.

D E Q  w ill provide a n electronic  sprea dsh eet for
reporting tem pera tu re da ta .  C onta ct one of th e
m entors  lis ted a t th e b eginning of th is  ch a pter  for  a
copy, or  for  fu r th er  inform a tion on da ta  reporting.
A n ex a m ple of a  da ta  su m m a ry sh eet is  provided in
T a b le 6 -5 .  W h a t follow s a re  som e ex a m ples  of
sta tis tica l pa ra m eters  for  su m m a riz ing strea m
tem pera tu re da ta .

S even-D a y M oving M ea n of D a ily  M a x im u m
T h e “ seven-da y m oving m ea n of da ily  m a x im u m ”
sm ooth es ou t som e of th e da ily  flu ctu a tions in  th e
tem pera tu re profile  a nd a lso provides a  pictu re of
th e a vera ge tem pera tu re a ffecting fish  over  a  longer
period of tim e th a n da ily  m a x im u m .  I t is  a lso th e
b a sis  of th e D E Q  w a ter  q u a lity  s ta nda rd for  s trea m
tem pera tu re.

B efore ca lcu la ting th e seven-da y m oving m ea n of
da ily  m a x im u m s, th e da ily  m a x im u m  tem pera tu res
m u st b e determ ined.  U sing a  sprea dsh eet, q u ery
th e m a x im u m  rea ding for  ea ch  2 4 -h ou r period of
m ea su rem ent.  S tore th ese tem pera tu re rea dings in
a  sepa ra te  file  or  colu m n a ccom pa nied b y th eir
da te .  T h e seven-da y m oving m ea n is  ca lcu la ted a s
th e a vera ge of th e 2 4 -h ou r m a x im u m  tem pera tu re
for  th e da y a nd th e m a x im u m  tem pera tu res for  th e
proceeding th ree da ys a nd follow ing th ree da ys
D a ily F lu ctu a tion
D a ily flu ctu a tions a re  a lso often u sed in  s trea m
tem pera tu re a na lysis .  T h is  is  th e difference
b etw een th e da ily  m a x im u m  a nd da ily  m inim u m
tem pera tu res a t a  s ta tion.

S pa tia l T rends &  R a te of C h a nge
W ith  tw o or  m ore tem pera tu re recorders  a va ila b le ,
ch a nges in  tem pera tu re b etw een m u ltiple  s ta tions
on a  s trea m  ca n b e a na lyz ed.  T h is  is  ca lcu la ted b y
su b tra cting th e tem pera tu re (m a x im u m , m inim u m ,
or  seven-da y m oving m ea n of m a x im u m ) a t one
sta tion from  th e oth er  s ta tion.  T h e ch a nge is
reported a s  a n increa se (positive va lu e)  or  a n
decrea se (nega tive va lu e)  in  tem pera tu re.

T em pera tu re ch a nge ca n a lso b e reported in  term s
of ra te  of ch a nge.  T h is  is  com m only reported a s
ch a nge in  tem pera tu re per  linea r  dis ta nce ( i.e .

2 ° C /1 0 0 0  feet) .  T w o or m ore prob es a re  needed,
a nd th e dis ta nce b etw een s ta tions m u st b e
m ea su red.

B a sin  T rend s

S trea m  tem pera tu re genera lly  increa ses in  a
dow nstrea m  direction.  I f s trea m  tem pera tu res  a re
m onitored th rou gh ou t a  b a sin ( i.e . 5 -2 0  prob es)  th e
b a sin trend from  th e divide ca n b e a na lyz ed b y
dista nce.  G ra ph  th e h igh est 7 -da y m a x im u m
tem pera tu re for  ea ch  s ta tion versu s its  dis ta nce
from  th e r idge or  w a tersh ed divide.  T h en a nsw er
th e follow ing q u estions: H ow  does th e ra te  of
ch a nge (ca lcu la ted a b ove)  va ry from  u pstrea m
loca tions to  dow nstrea m  loca tions? Is  th ere a  point
in  th e b a sin w h ere s trea m  tem pera tu res  s top
increa sing a nd level off?  W h a t is  th e m a x im u m
strea m  tem pera tu re a nd w h ere does it occu r? H ow
does tr ib u ta ry inpu t a ffect th e b a sin trend?

R eferences

A rm ou r, C . 1 9 9 1 .  G u ida nce for  eva lu a ting a nd
recom m ending tem pera tu re regim es to  protect fish .
Instrea m  F low  Inform a tion P a per  2 8 , B io lo g ic a l
R e p o rt 9 0 (2 2 ).

B esch ta , R .L ., B ilb y, R .E ., B row n, G .W ., H oltb y,
L .B ., a nd H ofstra , T .D . 1 9 8 7 .  S trea m  tem pera tu re
a nd a q u a tic  h a b ita t: fish eries  a nd forestry
intera ctions. 1 9 1 -2 3 2  in  S tre a m sid e  M a n a g e m e n t:
F o re stry  a n d  F ish e rie s  In te ra c tio n s , S a lo, E .O ,
C u ndy, T .W . [E ds.] , U niv. of W a sh ington, Institu te
of F orest R esou rces C ontr ib u tion 5 7 .

B jornn, T .C ., a nd R eiser , D .W . 1 9 9 1 .  H a b ita t
req u irem ents  of sa lm onids in  s trea m s. 8 3 -1 3 8  in
In flu e n c e s o f F o re st a n d  R a n g e la n d  M a n a g e m e n t
o n  S a lm o n id  F ish e s a n d  T h e ir  H a b ita ts , M eeh a n,
W .R . [E d.] .

D epa rtm ent of E nvironm enta l Q u a lity . 1 9 9 5 .
T em pera tu re: 1 9 9 2 -1 9 9 4  w a ter  q u a lity  s ta nda rds
review , report of th e S ta te  of O regon T ech nica l
A dvisory C om m ittee, P olicy A dvisory C om m ittee,
T em pera tu re S u b com m ittee, P ortla nd, O R .

D epa rtm ent of E nvironm enta l Q u a lity . 1 9 9 6 .
P rocedu ra l gu ida nce for  w a ter  tem pera tu re
m onitor ing.  P ortla nd, O R .
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D issm eyer, G .E . 1 9 9 4 .  E va lu a ting th e
effectiveness  of forestry B est M a na gem ent
P ra ctices in  m eeting w a ter  q u a lity  goa ls  or
sta nda rds.  U S D A  F orest S ervice, M isc.
P u b lica tion 1 5 2 0 .

E P A . 1 9 9 3 .  M onitoring protocols  to  eva lu a te  w a ter
q u a lity  effects  of gra z ing m a na gem ent on w estern
ra ngela nd strea m s.  E P A  R egion 1 0 , E P A  9 1 0 /R -
9 3 -0 1 7 , S ea ttle , W A .

E P A . 1 9 9 6 .  V olu nteer  m onitors  gu ide to  q u a lity
a ssu ra nce project pla ns.  E P A  8 4 1 -B -9 6 -0 0 3
(S eptem b er 1 9 9 6 ).

G overnor’ s  w a tersh ed enh a ncem ent b oa rd. 1 9 9 3 .
P h oto P lots .  S a lem , O R .

L a ntz , R .L . 1 9 7 1 .  Influ ence of w a ter  tem pera tu re
on fish  su rviva l, grow th , a nd b eh a vior . 1 8 2 -1 9 3  in

F o re st la n d  u se s a n d  stre a m  e n v iro n m e n t.
K rygier , J .T ., a nd H a ll, J .D . [E ds.] .  O regon S ta te
U niversity  E x tension: C orva llis , O R .

O regon D epa rtm ent of F orestry. 1 9 9 4 .  F orest
s trea m  coopera tive m onitor ing w a ter  tem pera tu res
protocol.  S a lem , O R .

R eeves, G ., E verest, F ., H a ll, J . Intera ctions
b etw een th e redside sh iner  (R ic h a rd so n iu s
b a lte a tu s)  a nd th e s teelh ea d trou t (S a lm o
g a ird n e ri)  in  w estern O regon: T h e influ ence of
tem pera tu re.  C a n a d ia n  J o u rn a l o f F ish e rie s  a n d
A q u a tic  S c ie n c e  4 4 :1 6 0 3 -1 6 1 3 .

S edell, J .R ., R eeves, G .H ., H a u er , F .R ., S ta ndord,
J .A ., H a w kinds, C .P . 1 9 9 0 .  R ole of refu gia  in
recovery from  dis tu rb a nce: m odern fra gm ented a nd
disconnected r iver  system s.  E n v iro n m e n ta l
M a n a g e m e n t. 1 4 (5 ):1 1 1 -1 2 4 .
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Table 6-5.  Examples for stream temperature data summary.

T em p la te  fo r  stream  tem p era ture  d a ta  m anagem ent.

S tream  N am e S ta tio n
N um b er

G P S  *
L o ca tio n

C alib ra tio n
M etho d

M o nito r ing
P er io d

H ighest
7 -d ay M ax

D ate  o f
O ccurrence

A b so lute
M axim um

D ate  o f
O ccurrence

D iurna l
F luc tua tio n

R ate  o f C hange
**

L and use

(N IS T  o r
 A lte rna tive )

(b eginning
d a te )

(end  d a te ) (° F ) (m /d /yr) (° F ) (m /d /yr) (° F ) (° F /1 0 0 0  ft) (A G /
F o restry/

U rb an)
D eer  C reek 1 N IS T 6 /1 5 /9 8 9 /1 5 /9 8 5 8 .3 8 /4 /9 8 6 0 .2 8 /3 /9 8 2 .0 F o restry
D eer  C reek 2 N IS T 6 /1 5 /9 8 9 /1 5 /9 8 6 0 .3 8 /4 /9 8 6 2 .9 8 /5 /9 8 2 .5 3 .0 F o restry
D eer  C reek 3 N IS T 6 /1 5 /9 8 9 /1 5 /9 8 6 2 .2 8 /4 /9 8 6 5 .7 8 /3 /9 8 3 .0 2 .5 F o restry
D eer  C reek 4 N IS T 6 /1 5 /9 8 9 /1 5 /9 8 6 2 .1 8 /4 /9 8 6 3 .3 8 /2 /9 8 2 .5 – 1 .5 F o restry

C lea r  C reek 1 N IS T 7 /4 /9 8 9 /2 0 /9 8 6 2 .5 7 /2 1 /9 8 6 3 .7 7 /1 9 /9 8 4 .1 F o r . &  A g
C lear  C reek 2 N IS T 7 /4 /9 8 9 /2 0 /9 8 5 8 .1 7 /2 1 /9 8 5 9 .2 7 /1 8 /9 8 4 .5 – 0 .8 F o r . &  A g
C lear  C reek 3 N IS T 7 /4 /9 8 9 /2 0 /9 8 5 8 .9 7 /2 2 /9 8 6 0 .1 7 /1 8 /9 8 4 .6 0 .5 F o r . &  A g

* If a  G lo ba l P o sitio ning  S ta tio n w as no t u sed , then la titu d e  and  lo ng itu d e  w ill su ffice .

** R ate  o f chang e  can o nly  be  ca lcu la ted  w hen m o re  than o ne  sta tio n is  established .

N O T E : O ther u sefu l d a ta  tha t w ere  no t d escribed  in this  p ro to co l inc lu d e : e leva tio n, d istance  fro m  d ivid e , shad e , channe l g rad ient, su bstra te , channe l w id th, and  d ep th, and  rip arian bu ffe r w id th.
T hese  co u ld  be  ad d ed  as co lu m ns to  this  tem p la te .
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C h ap ter 7

D isso lved  O x y g en  P ro to co l

B ack ground

T h e term  “ dissolved ox ygen”  (D O ) refers  to  th e
a m ou nt of ox ygen th a t is  dissolved in  w a ter  a t a
given tem pera tu re a nd a  given a tm osph eric
pressu re.  D O  is  cr itica l to  th e entire  b iologica l
com m u nity in  su rfa ce w a ters  a nd is  a  key elem ent
of h ea lth y sa lm on h a b ita t.  D O  is  one of th e
principa l pa ra m eters  u sed to  m ea su re w a ter  q u a lity .
In O regon, w a ter  q u a lity  cr iter ia  h a ve b een
developed for  D O  b a sed on th e life  h is tory
req u irem ents  of a q u a tic  species, pa rticu la rly
sa lm onids (D E Q  1 9 9 4 ).

D O  is  u su a lly  m ea su red in  pa rts  per  m illion (ppm )
or th e eq u iva lent of m illigra m s per  liter  (m g/l) .
W a ter  ca n h old m ore dissolved ox ygen (D O
sa tu ra tion) a t low  tem pera tu res th a n a t h igh
tem pera tu res .  F or  ex a m ple, a t 0 8 C  a nd 1
a tm osph ere of pressu re, th e m a x im u m
concentra tion of D O  (1 0 0 %  sa tu ra tion) is  1 4 .6
m g/l; a t 3 0 8 C  th e sa m e w a ter  sa m ple w ou ld conta in
only 7 .5 5  m g/l (H itch m a n 1 9 7 8 ).

In w a ters  su pporting sa lm onids, th e necessa ry D O
levels  ra nge from  1 1  m g/l in  spa w ning a nd rea ring
w a ters  ( in  order  to  su pport em b ryo a nd la rva l
produ ction sta ges w ith  no im pa irm ent)  to  6  m g/l in
non-spa w ning w a ters  ( th e a b solu te  m inim u m  to
a void a cu te  m orta lity) .

In a ddition to  tem pera tu re, va r iou s su pplies  a nd
dem a nds influ ence th e concentra tion of D O  in
w a ter .  T h e prim a ry so u rc e s  for  dissolved ox ygen
a re ph otosynth etic  a ctivities  of a q u a tic  pla nts  a nd
rea era tion (a s  w a ter  spills  a nd spla sh es
dow nstrea m , a tm osph eric  ox ygen is  tra pped a nd
dissolved in  th e w a ter) .  T h e m a jor d e m a n d s  on D O
concentra tion com e from  pla nt respira tion a nd th e
b iologica l b rea kdow n (or  decom position)  of orga nic
m a teria l b y b a cter ia  a nd oth er  m icroorga nism s.

T h e D O  protocol describ ed h ere is  for  sa m pling
su rfa ce w a ter  D O  concentra tion (D E Q  1 9 9 5 ; D E Q
1 9 9 7 ; E P A  1 9 9 6 ; M a cD ona ld, S m a rt, a nd W issm a r
1 9 9 1 ).  Intergra vel D O  concentra tion is  a lso a n
im porta nt m ea su re of s trea m  h a b ita t for  sa lm on
(M cC u llou gh  a nd E spinosa  1 9 9 6 ; M a cD ona ld,
S m a rt, a nd W issm a r 1 9 9 1 ).  Intergra vel D O
sa m ples ca n b e collected b y pu m ping a  w a ter
sa m ple from  th e gra vel nea r  potentia l redds.
H ow ever , D E Q  does not recom m end th a t th ese
types of sa m ples b e collected b y w a tersh ed
cou ncils .  A dditiona l inform a tion of intergra vel D O
sa m ple collection sh ou ld b e referred to  th e m entor.

M entors

A s w ith  a ny m onitor ing project, q u estions w ill
com e u p th a t a re  not a nsw ered or  covered
su fficiently  in  th is  protocol.  T h erefore, a  grou p of
m entors  th a t a re  a gency ex perts  in  m onitor ing h a ve
b een identified .  T h ese m entors  m a y b e conta cted
w ith  specific  q u estions a b ou t a  pa rticu la r
m onitoring effort.

F or  m ore inform a tion on dissolved ox ygen, conta ct:

D r. G eorge Ice
E -m a il:  g ice@ w crc-nca si.org

O R

S ta tew ide D E Q  V olu nteer  M onitor ing C oordina tor

K a ren W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  w illia m s.ka ren@ deq .sta te .or .u s

N orth  C oa st
L a rry C a ton (5 0 3 )2 2 9 -5 9 8 3 ;
E -m a il:  ca ton.la rry@ deq .sta te .or .u s

S ou th  C oa st &  W illa m ette
D ennis  A des (5 0 3 )-2 2 9 -5 9 8 3 ;
E -m a il:  a des.dennis@ deq .sta te .or .u s
E a stern O regon
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3 ;
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E -m a il:  m a rx er.la rry@ deq .sta te .or .u s

O rder ing  E quipm ent

T h e sa m pling m eth od for  m ea su ring D O
concentra tion ou tlined in  th is  protocol is  know n a s
th e W in k le r T itra tio n  M e th o d  (A P H A  1 9 9 8 ).  T h e
W inkler  M eth od ca n b e done w ith  liq u id or  dry
ch em ica l rea gents .  A pprox im a te costs  for
eq u ipm ent a nd rea gents  a re  sh ow n in T a b le 7 -1 .
F or inform a tion a b ou t th e ch em ica l rea gents  a nd
th e oth er  eq u ipm ent req u ired for  th is  m eth od,
conta ct:

T h e H A C H  C om pa ny
P .O . B ox  6 0 8
L ovela nd, C O  8 0 5 3 9 -0 6 0 8
1 -8 0 0 -2 2 7 -4 2 2 4

N O T E : T h e  c h e m ic a ls , liq u id  o r d ry , u se d  in  th e
W in k le r T itra tio n  m e th o d  fo r m e a su rin g  D O
c o n c e n tra tio n s a re  h a za rd o u s .  M a teria l S a fety
D a ta  S h eets  a re  provided w ith  ea ch  pu rch a se, a nd
a ll sa fety preca u tions a nd procedu res sh ou ld b e
em ployed du ring u se

.

T able 7-1 .  E qu ipm ent costs.

E stim ated  C o sts
W ink ler M etho d  F ie ld  S am p ling  E q u ip .:

H ach D ig ita l T itra to r D O  T est K it $ 1 9 0 .0 0  (5 0  tests)

A d d itio na l reag ents $ 4 3 .0 0  (5 0  sam p les)

2 0 0  m l V o lu m etric  F lask $ 1 5 .0 0

F ie ld  A u d it T herm o m eter $ 6 0 .0 0

F ie ld  N o tebo o k  (D ata  S hee ts) $ 1 0 .0 0

Fie ld  Protocol

T h e W inkler  T itra tion M eth od is  th e  m o st a c c u ra te
c h e m ic a l m e th o d  fo r m e a su rin g  D O
c o n c e n tra tio n .  I t is  b a sed on th e ox ida tion of
m a nga nese, th e lib era tion of iodine in  proportion to
th e D O  present in  th e sa m ple, a nd th en th e
“ titra tion”  of th e iodine w ith  sodiu m  th iosu lfa te . 5

M onitor ing F req u ency &  T im ing
M onitor ing freq u ency depends on th e ob jectives  of
th e project pla n (M a cD ona ld, S m a rt, a nd W issm a r
1 9 9 1 ).  T h e goa l of D O  m onitoring is  to  provide a
rea lis tic  estim a te of th e s trea m ’s typica l D O

                                               
5 "titration" is a standard analytical method that measures the
amount of one chemical or solution needed to react with another
chemical or solution. In this case, the amount of sodium thiosulfate
needed to react with the iodine present in the water sample.

conditions, th erefore th e freq u ency a nd tota l
nu m b er of m onitor ing sa m ples sh ou ld b e b a sed on
th e a tta inm ent of th a t goa l.  T h e concentra tion of
D O  in su rfa ce w a ters  w ill va ry th rou gh ou t th e da y
du e to  ox ygen produ ction b y a q u a tic  pla nts ,
respira tion, a nd ch a nges in  w a ter  tem pera tu re.  I f
D O  sa m ples  a re  not collected freq u ently  enou gh ,
th e degree of da ily  D O  flu ctu a tion m a y b e m issed,
th e im m edia te  or  potentia l prob lem s m a y not b e
identified, or  th e long-term  trends m a y not b e
determ ined.

T h e tim ing of collecting sa m ples  a lso depends on
th e ob jectives  of th e project, w h ich  m a y ta rget a
pa rticu la r  tim e of da y.  L ow  D O  concentra tions
u su a lly  occu r  in  th e ea r ly m orning b eca u se pla nts
s top produ cing ox ygen a t nigh tfa ll a nd don’ t b egin
a ga in u ntil su nrise .  D O  concentra tions b u ild  u p
th rou gh ou t th e da y follow ing th e pa ttern of
ph otosynth esis .  C oncentra tions u su a lly  pea k in  th e
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a fternoon, a nd th en decline a s  respira tion ex ceeds
ph otosynth esis  (R icklefs  1 9 7 9 ; W illers  1 9 9 1 ).

T h e tim ing of sa m ple collection m a y a lso b e
influ enced b y oth er  ox ygen s inks a nd sou rces th a t
occu r  a t a  specific  tim e of da y or  sea son of th e yea r .

F or  ex a m ple, la rge inpu ts  of orga nic m a ter ia l m a y
resu lt in  a  s ignifica nt drop in  ox ygen concentra tion
du e to  a n increa se in  b ioch em ica l ox ygen dem a nd
(B O D )6.

T h e dissolved ox ygen needs of sa lm onids va ry w ith
th eir  life  h is tory s ta ges, from  em b ryo developm ent to
grow th  a nd sex u a l m a tu rity .  H a ving ex perience
w ith  regiona l w ea th er  pa tterns  a nd know ing th e
tim ing a nd length  of sa lm onid spa w ning sea sons is
im porta nt if m onitoring du ra tion m u st b e lim ited.
F or  ex a m ple, w est of th e C a sca des, th e m a jority  of
sa lm on a nd s teelh ea d spa w ning ta kes pla ce du ring
th e fa ll, w inter , a nd spring m onth s w h en w a ter  levels
a re eleva ted a nd w a ter  tem pera tu res  a re  a t a
m inim u m .

R ecom m en d ed  S am p le C ollection  &
A n alysis

F ie ld  C ollec tion

T h e sa m ple conta iners  u sed for  collecting w a ter
sa m ples for  D O  m ea su rem ents  a re  clea n 3 0 0  m l
gla ss  B O D  b ottles  w ith  gla ss  s toppers  ( th ese b ottles
com e w ith  th e H A C H  m onitoring kits) .  F ield s ta ff
ca n fill th e sa m ple b ottle  b y: a )  su b m ersing it
directly  into th e s trea m ; or , b )  collecting th e w a ter
sa m ple from  a  b ridge or  s im ila r  s tru ctu re u sing a
su ita b le  gra b  sa m ple collection m eth od.

1 . F ill th e sa m ple b ottle  to  overflow ing to  ensu re
th a t no a ir  b u b b les a re  tra pped in  th e b ottle .
R epla ce th e gla ss  s topper .  Invert to  ch eck for
a ir  b u b b les.  T h is  m inim iz es th e r isk of
a dditiona l a era tion of th e sa m ple.

                                               
6 B.O.D. is a measure of the amount of oxygen consumed in the
biological processes that break down organic matter in water. The
greater the BOD, the less oxygen is available for other biological
uses (including salmonid respiration).

2 . R em ove th e gla ss  s topper  a nd a dd th e contents
of 1  pow der pillow  of M a nga nou s S u lfa te
(W inkler  R ea gent 1 ) , a nd 1  pow der pillow  of
A lka line A z ide (W inkler  R ea gent 2 ) .  R epla ce
stopper  a nd repea tedly invert th e sa m ple b ottle
so th a t th e contents  m ix  vigorously  for  1 5 -2 0
seconds.  A  floccu lent precipita te  (a  c lou dy
su b sta nce crea ted from  th e ch em ica l rea ction)
w ill form  in th e sa m ple (b row nish -ora nge if
ox ygen is  present, w h ite  if ox ygen is  a b sent) .

3 . A llow  th e sa m ple to  s ta nd u ntil th e “ floc”  h a s
settled a pprox im a tely h a lf w a y to  th e b ottom  of
th e b ottle .  R E PE A T  th e vigorou s m ix ing for
1 5 -2 0  seconds.  A llow  th e sa m ple to  s ta nd u ntil
th e floc settles  a  second tim e.  N ote : V igorou s
m ix ing is  cr itica l to  dissolving th e pow dered
rea gents  a nd a llow ing th e ch em ica l rea ctions to
occu r.  N ot a ll of th e rea gents  w ill dissolve, b u t
la rge ch u nks of th e rea gents  sh ou ld not b e
visib le  a fter  m ix ing.  Ina deq u a te  m ix ing in
steps 2  a nd 3  is  a  com m on error .

4 . A fter  th e floc h a s settled a ga in, rem ove th e
gla ss  s topper  a nd a dd 1  pow der pillow  of
S u lfa m ic A cid.  R epla ce th e gla ss  s topper  a nd
invert th e b ottle  severa l tim es, m ix ing
vigorou sly 1 5 -2 0  seconds.  T h e sa m ple sh ou ld
tu rn a  clea r  a m b er color . (S om e of th e
pow dered rea gents  m a y not h a ve com pletely
dissolved –  th is  is  norm a l.)

A fter  th e initia l w a ter  sa m ple h a s b een ch em ica lly
preserved, it ca n b e h eld for  u p to  eigh t h ou rs, in
th e da rk a t 4 ° C , b efore th e titra tion step is
perform ed.

Sam ple  T itration

N ote: T h e sa m ple ca n b e titra ted w ith  eith er  a  H a ch
“ D igita l T itra tor”  or  a  s ta nda rd b u rette .
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O ption 1 : H a ch  D igita l T itra tor  M eth od

U se H a ch  M eth od 8 2 1 5  a s describ ed b elow , u sing
0 .2 N  sodiu m  th iosu lfa te  titra nt.

1 . R em ove th e gla ss  s topper  a nd fill a  2 0 0  m l
volu m etric  fla sk w ith  a  sa m ple.  T ra nsfer  th is
2 0 0  m l portion to  a  5 0 0 -m l E rlenm eyer fla sk.
Insert sodiu m  th iosu lfa te  ca rtr idge into th e
titra tor .7

2 . Inser t a  c lea n delivery tu b e (a pprox im a tely

1 /1 6 th  dia m eter  “ h ook” ) into th e titra tion
ca rtr idge ( th a t com es w ith  th e m onitoring kit) .
A tta ch  th e ca rtr idge to  th e titra tor  b ody.  L ow er
th e plu nger for  th e titra tor  gently  u ntil it
conta cts  th e sodiu m  th iosu lfa te  ca rtr idge.

3 . T u rn th e delivery knob  to  eject a  few  drops of
titra nt.  R eset th e cou nter  to  z ero a nd w ipe th e
tip  of th e delivery tu b e.

4 . P la ce th e delivery tu b e tip  into th e sa m ple.
T u rn th e delivery knob  clockw ise to  a dd titra nt
to  th e sa m ple.  N O T E : sw irl th e  fla sk  w h ile
a d d in g  titra n t to  m a k e  su re  it m ix e s .  T h e
sa m ple w ill gra du a lly  tu rn a  pa le  yellow  color .

5 . O nce th e sa m ple is  pa le  yellow , th e endpoint of
th e titra tion is  a pproa ch ing.  A dd a  1  m l
dropper  of S ta rch  Indica tor  S olu tion (a lso a
pa rt of th e kit)  a nd sw irl to  m ix .  N ote :  A  d a rk
b lu e  c o lo r w ill d e v e lo p .

6 . C ontinu e th e titra tion u ntil th e sa m ple tu rns
from  b lu e to  colorless .  T h is  is  th e endpoint!
R ecord th e nu m b er of digits  on th e D igita l
T itra tor’ s  cou nter .

7 . M u ltiply th e nu m b er on th e cou nter  b y 0 .0 1 .
T h e resu lt is  th e sa m ple D O  in m g/l.

                                               
7 Contact the DO monitors listed in this chapter for more information
about equipment or techniques needed in the titration process.

O ption 2 : B u rette  T itra tion M eth od

1 . R em ove th e gla ss  s topper  a nd fill a  2 0 0  m l
volu m etric  fla sk w ith  a  sa m ple.  T ra nsfer  th is
2 0 0  m l portion to  a  5 0 0 -m l E rlenm eyer fla sk.

2 . F ill a  1 0  m l b u rette  w ith  s ta nda rd sodiu m
th iosu lfa te  titra nt (0 .0 2 5 N ).  S low ly a dd titra nt
to  th e sa m ple drop b y drop.

3 . S w irl th e fla sk w h ile  titra ting to  ensu re good
m ix ing.  T h e sa m ple w ill tu rn a  pa le  yellow
color , w h ich  m ea ns th e endpoint is
a pproa ch ing.

4 . A dd 1  m l of S ta rch  Indica tor  S olu tion.  N ote :  A
d a rk  b lu e  c o lo r w ill d e v e lo p ..

5 . C ontinu e a ddition of titra nt drop b y drop u ntil
th e sa m ple ch a nges from  da rk b lu e to  clea r .
N O T E : T a k e  c a re  n o t to  o v e rru n  th e  e n d
p o in t.

6 . R ea d th e a m ou nt of titra nt u sed to  rea ch  th e
endpoint. 1  m l of titra nt =  1  m g/l D O .

O xygen  Percent Saturation

A tm osph eric  pressu re va ries  w ith  w ea th er  a nd
eleva tion.  A t sea  level, it a vera ges nea r  7 6 0  m m
H g.  A s eleva tion increa ses, pressu re decrea ses.
T h e a vera ge pressu re a t B u rns (4 ,2 0 0  feet)  is  7 5 0
m m  H g.  E x trem es ob served in  O regon a vera ge
from  a  low  of 6 3 2  to  a  h igh  of 7 8 0  m m  H g.

D eterm ine th e percent sa tu ra tion of D O  u sing
T a b le 7 -2  a nd th e follow ing ca lcu la tion m eth od:
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T able 7-2 .  O xygen  solub ility (saturation) in  fresh  w ater (m g/L )

Percent Saturation Table Elevation Correction
Water

Temperature C
DO 100%
Saturation

Water
Temperature C

DO 100%
Saturation

Elevation in
feet

Elevation
Factor

0.0 14.60 20.5 9.10 0 1.00
0.5 14.40 21.0 9.00 500 1.02
1.0 14.20 21.5 8.90 750 1.03
1.5 14.00 22.0 8.80 1000 1.04
2.0 13.80 22.5 8.75 1250 1.05
2.5 13.65 23.0 8.70 1500 1.05
3.0 13.50 23.5 8.60 1750 1.06
3.5 13.30 24.0 8.50 2000 1.07
4.0 13.10 24.5 8.45 2250 1.08
4.5 12.95 25.0 8.40 2500 1.09
5.0 12.80 25.5 8.30 2750 1.10
5.5 12.65 26.0 8.20 3000 1.11
6.0 12.50 26.5 8.15 3250 1.12
6.5 12.35 27.0 8.10 3500 1.13
7.0 12.20 27.5 8.00 3750 1.14
7.5 12.05 28.0 7.90 4000 1.15
8.0 11.90 28.5 7.85 4250 1.16
8.5 11.75 29.0 7.80 4500 1.17
9.0 11.60 29.5 7.70 4750 1.19
9.5 11.45 30.0 7.60 5000 1.20

10.0 11.30 30.5 7.55 5250 1.21
10.5 11.20 31.0 7.50 5500 1.22
11.0 11.10 31.5 7.45 5750 1.23
11.5 10.95 32.0 7.40 6000 1.24
12.0 10.80 32.5 7.35 6250 1.25
12.5 10.70 33.0 7.30 6500 1.26
13.0 10.60 33.5 7.25 6750 1.27
13.5 10.50 34.0 7.20 7000 1.29
14.0 10.40 34.5 7.15 7250 1.30
14.5 10.30 35.0 7.10 7500 1.31
15.0 10.20 35.5 7.05 7750 1.32
15.5 10.10 8000 1.34
16.0 10.00
16.5 9.85
17.0 9.70
17.5 9.60
18.0 9.50
18.5 9.45
19.0 9.40
19.5 9.30
20.0 9.20
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A lternative  M ethod  U sing  D O  Probes

D O  m eters  a re  a n  a ltern a tive  m eth od  for collectin g
d a ta  on  w a ter tem p era tu re  a n d  D O .  H ow ever, D O
m eters  a re  n ot a s  a ccu ra te  a s  th e  W in k ler T itra tion
M eth od  a n d  m a y be  su bject to  “ d rift ,”  th u s req u irin g
freq u en t re-ca libra tion .  A  u sea ble  m eter w ill  be  in
th e $ 1 2 0 0  to  $ 2 0 0 0  p rice  ra n g e.  F or th ese  a n d  oth er
rea son s, u sin g  th e  W rin k ler T itra tion  m eth od  is
p roba bly m ore re lia ble  for volu n teer g rou p s
collectin g  D O  d a ta  in  a  cost effective , cred ible  a n d
tim ely m a n n er.  F or m ore in form a tion  a bou t D O
m eters , con ta ct th e  m en tors lis ted  in  th is  ch a p ter.
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C h ap ter 8

p H  P ro to co l

B ack ground

J u st a s  “ degree”  is  a  m ea su re of tem pera tu re, pH  is
a  m ea su re of h ow  a c id ic  or  b a sic  th e w a ter  is 8 .
W a ter  pH  is  cr itica l to  fish  h a b ita t b eca u se it ca n
a ffect fish  egg produ ction a nd su rviva l, a q u a tic
insect su rviva l a nd em ergence, a nd th e tox icity  of
oth er  pollu ta nts  su ch  a s h ea vy m eta ls  or  a m m onia .
L ike w a ter  tem pera tu re, pH  na tu ra lly  va ries  b oth
da ily  a nd sea sona lly .

M ost da ily  cycles in  pH  occu r a s  a  resu lt of th e
ph otosynth esis  of a q u a tic  pla nts .  T h rou gh
ph otosynth esis , pla nts  convert th e su n’ s  energy into
ch em ica l produ cts  th ey need to  live a nd grow .
D u ring da yligh t h ou rs , a q u a tic  pla nts  consu m e
ca rb on diox ide (a n a cid) , a nd produ ce h ydrox ide (a
b a se) .  A s a  resu lt, w a ter  b ecom es m ore b a sic
du ring th e da y (pH  va lu es get h igh er)  a nd u su a lly
pea ks in  m id-to-la te  a fternoon.  V ir tu a lly  a ll
a q u a tic  orga nism s produ ce ca rb on diox ide (a cid)
th rou gh  th eir  norm a l m eta b olism  of food
(respira tion).  A s a  resu lt, w a ter  b ecom es m ore
a cidic  du ring th e nigh t (pH  va lu es drop)  a nd
u su a lly  is  low est ju st b efore su nrise .  A  sim ila r
da ily  pa ttern occu rs  in  dissolved ox ygen
concentra tions a s  a  resu lt of ph otosynth esis  (see
C h a pter  7 ) .

W h en a cids dissolve in  w a ter , h ydrogen ions (H + )
a re produ ced.  H ydrogen ion concentra tions in
w a ter  u su a lly  com prise very sm a ll fra ctions—
1 /1 0 ,0 0 0 ,0 0 0 , for  ex a m ple.  F or convenience, th ese
concentra tions a re  converted to  a  pH  sca le— a
loga rith m ic nu m erica l sca le  th a t ra nges from  0  to
1 4 .  P u re w a ter  h a s a  pH  of 7 , a nd is  th e neu tra l
point— neith er  a c id ic  nor  b a sic .  W a ter  is  a cidic
w h en th e pH  va lu e is  b elow  7  a nd b a sic  w h en th e
pH  va lu e is  a b ove 7 .  N ote th a t a  u nit ch a nge in  pH
                                               
8 This measure differs from acidity and alkalinity. Acidity and
Alkalinity are measures of the capacity of water to neutralize added
base or acid, respectively.

is  a  tenfold ch a nge in  h ydrogen ion concentra tion.
T h u s, a  solu tion of pH  7  is  ten tim es a s  a cidic  a s
one of pH  8 , a nd one h u ndred tim es a s  a cidic  a s  one
of pH  9  (M cC u tch eon, M a rtin , a nd B a rnw ell 1 9 9 2 ;
S a w yer a nd M cC a rty 1 9 6 7 ).

W a ter  pollu tion ca n ca u se ch a nges in  pH  th rou gh
th e direct a ddition of a cids  or  b a ses su ch  a s a cid
m ine dra ina ge, a cid ra in, or  ch em ica l spills .  M ore
com m only, pH  is  a ltered b y ex cessive pla nt grow th
th a t resu lts  from  th e a ddition of fer tiliz ers .
F ertiliz ers  end u p in  ou r w a terw a ys from  sew a ge or
indu str ia l disch a rges, fa iling septic  system s, a nd
a gricu ltu ra l a nd u rb a n ru noff.

T h e m ost a ccu ra te  w a y to  m ea su re pH  is  w ith  a
ca lib ra ted m eter  a nd pH  electrode.  T h e pH

electrode is  sensitive to  th e concentra tion of H +

ions in  th e w a ter .  M ea su ring pH  w ith  a n electrode
req u ires  a  very sm a ll e lectr ica l cu rrent to  flow
th rou gh  th e w a ter  sa m ple.  W h en im m ersed in
w a ter , th e electrode develops a n electr ica l potentia l
th a t is  re la ted to  th e pH  of th e solu tion.  A
“ reference”  electrode com pletes  th e circu it a nd
provides a  s ta b le  electr ica l reference potentia l.  F or
convenience, “ com b ina tion”  pH  electrodes a re
designed w ith  th e reference electrode b u ilt in .  T h e
reference electrode m a kes electr ica l conta ct w ith
th e w a ter  sa m ple th rou gh  a  sm a ll opening (ca lled
th e ju nction) th a t a llow s slow  lea ka ge of a  sa lt
solu tion or  gel into th e sa m ple.  A  clogged or  dir ty
ju nction is  a  com m on sou rce of m ea su rem ent error .
E lectrodes w ith  a  fou led ju nction m a y not ca lib ra te
properly a nd typica lly  sh ow  a  s low  response w h en
im m ersed in  a  sa m ple or  dis tilled w a ter .

W h en a  pH  electrode is  connected to  a  m eter , th e
volta ge developed a t th e electrode is  a m plified, th en
converted to  th e pH  sca le , a nd displa yed a s a  digita l
rea dou t.  T h e m eter  is  ca lib ra ted w ith  solu tions of
know n pH  ca lled “ b u ffers”  (pre-pa cka ged a nd
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a va ila b le  th rou gh  scientific  su pply ou tlets) .  E a ch
b u ffer  h a s a  specific  pH  a t a  specific  tem pera tu re.

T em pera tu re a lso influ ences th e electr ica l potentia l
of th e pH  electrode.  T h is  potentia l sou rce of error
is  e lim ina ted b y u sing m eters  a nd electrodes
eq u ipped w ith  a u tom a tic  tem pera tu re
com pensa tion, com m only a b b revia ted a s  A T C .

B u ffer  solu tions th a t a re  u sed to  ca lib ra te  pH
m eters  a re  rela tively sa lty  solu tions.  M ost of
O regon’ s su rfa ce w a ters  h a ve rela tively low
concentra tions of dissolved sa lts .  T h ese w a ters
h a ve w h a t is  ca lled “ low  ionic  s trength .”  A s noted
a b ove, pH  m ea su rem ent w ith  a n electrode req u ires
a  very sm a ll e lectr ica l cu rrent to  flow  th rou gh  th e
w a ter  sa m ple, a nd dissolved sa lts  ca rry th e
electr ica l ch a rge th rou gh  th e w a ter .  S om etim es a
pH  electrode w ill a ppea r to  b e w orking du ring
ca lib ra tion in  th e b u ffer , b u t w ill give ina ccu ra te
rea dings in  low  ionic s trength  w a ter .  T h ese
prob lem s ca n b e a voided.  F irs t, s ta r t b y u sing th e
r igh t eq u ipm ent— pH  prob es specifica lly  designed
for  u se in  low  ionic  s trength  solu tions.  S econd,
once th e m eter  is  ca lib ra ted, test th e electrode
response in  distilled w a ter— it sh ou ld rea d b etw een
pH  5 .4  to  6 .0  w ith in 1 0  m inu tes.

S om e com pa nies  a dvertise  low  ionic  s trength
b u ffers , b u t tests  a t th e D E Q  L a b  h a ve fou nd th a t
th ese b u ffers  a re  s till too h igh  in  sa lt concentra tion
for  O regon su rfa ce w a ter  m ea su rem ents .
O ne w a y to  overcom e th e prob lem  of m ea su ring pH
in low  ionic  s trength  w a ter  is  to  a dd a  sm a ll a m ou nt
of pota ssiu m  ch loride (K C l)  sa lt solu tion to  th e
sa m ple: 1  m l per  1 0 0  m l of sa m ple (see th e section
on M e a su rin g  W a te r S a m p le  p H  b elow ).  T h ese
“ pH  ionic  s trength  a dju ster”  solu tions a re
com m ercia lly  a va ila b le  from  scientific  su pply
com pa nies .  N O T E :  Io n ic  s tre n g th  a d ju stm e n t is
th e  re c o m m e n d e d  p H  p ro c e d u re — b u t it is  n o t a
su b stitu te  fo r  u sin g  g o o d  q u a lity  e q u ip m e n t w ith
c a re fu l c a lib ra tio n  a n d  m a in te n a n c e .

O th er  possib le  prob lem s w ith  pH  m ea su rem ent
inclu de da m a ge to  th e electrode a nd ch em ica l
interference.

G la ss a dh ering m a teria ls
S u b sta nces th a t a dh ere to  gla ss  ca n interfere  w ith
th e response of th e sensing gla ss  b u lb  on th e
electrode.  T h e prob lem  ca n b e solved b y clea ning
th e prob e a ccording to  th e m a nu fa ctu rer’ s
instru ctions.

A b ra sives a nd ph ysica l da m a ge
If th e sensing gla ss  b u lb  b ecom es scra tch ed or
da m a ged in  a ny w a y, it m a y not b e a b le  to  esta b lish
a  proper potentia l w ith  th e sa m ple solu tion.
D a m a ged electrodes sh ou ld b e disca rded.  C a re in
h a ndling th e electrode sh ou ld m inim iz e th is
prob lem .

O rder ing  E quipm ent

pH  M eters
pH  m eters  ca n b e pu rch a sed from  a  va riety of
scientific  su pply com pa nies.  Im porta nt fea tu res
inclu de digita l rea dou t a nd a ccu ra cy to  ± 0 .1  pH
u nits , tw o-point ca lib ra tion, a u tom a tic  tem pera tu re
com pensa tion, a nd th e a b ility  to  u se s ta nda rd pH
electrodes.

pH  E lectrodes
pH  electrodes m u st b e designed for  u se in  low  ionic
strength  w a ter .  G el filled electrodes sh ou ld b e
a voided.  A n ex a m ple of a  good electrode is  th e
O rion R oss m odel 8 1 -0 2  or  eq u iva lent.

Ionic  S trength  A dju ster
T h e O rion b ra nd “ pH ix ”  is  recom m ended.  O rion
ca ta log nu m b er 7 0 0 0 0 3 .
O rion m eters  a re  a lso a va ila b le  from  scientific
su ppliers  su ch  a s V W R  (8 0 0 -9 3 2 -5 0 0 0 ).

pH  F ie ld  Protocol

C a lib ra ting E q u ipm ent
O ne ca lib ra tion per  da y is  req u ired.  F ollow  th e pH
m eter  m a nu fa ctu rer’ s  ca lib ra tion procedu re for  a
2 -point ca lib ra tion u sing pH  7  a nd 1 0  b u ffers .

A  proper ca lib ra tion w ill inclu de th e follow ing
steps:

1 . S lide th e pla stic  s leeve on th e pH  prob e u p so
th a t it no longer  covers  th e filling solu tion
opening venth ole  nea r  th e top of th e prob e.
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2 . C h eck th e level of th e filling solu tion in  th e
prob e.  If it is  1  inch  or  m ore b elow  th e
opening, a dd m ore filling solu tion.

3 . C h eck for  crysta l form a tion in  th e electrode
b ody.  S m a ll a m ou nts  of crysta l a re  tolera ted.
H ow ever, if m ore th a n one-h a lf inch  of crysta ls
is  ob served, em pty ou t th e electrode, r inse w ith
w a rm  distilled w a ter  to  dissolve th e crysta ls ,
th en refill w ith  th e a ppropria te  filling solu tion.

4 . O b serve th e electrode-sensing b u lb  for  a ny dir t
or  da m a ge.  C lea n w ith  de-ioniz ed w a ter  if
dir ty  a nd repla ce if da m a ged.

5 . R inse th e prob e th orou gh ly w ith  distilled
w a ter .

6 . Insert th e prob e into pH  7  b u ffer  a nd s tir
m odera tely for  3 0  seconds.  T h e electrode m u st
b e inserted to  a  depth  of a t lea st one-h a lf inch
in th e solu tion.  D o not a llow  th e prob e to
conta ct th e w a lls  of th e conta iner .

7 . S et th e m eter  to  “ pH ”  a nd b egin th e ca lib ra tion
period.  S top s tir r ing, w a it for  th e rea ding to
sta b iliz e .  Instru ct th e m eter  to  a ccept th e pH  7
ca lib ra tion.

8 . R em ove th e electrode from  th e pH  7  b u ffer  a nd
rinse th orou gh ly w ith  distilled w a ter .

9 . P u t th e prob e in  th e pH  1 0  b u ffer .  S tir  for  3 0
seconds.  S top s tir r ing a nd w a it for  th e rea ding
to s ta b iliz e .  Instru ct th e m eter  to  a ccept th e pH
1 0  ca lib ra tion.

S om e m eters  displa y a  “ slope”  va lu e w h en th e
ca lib ra tion is  com plete .  T h e slope is  ex pected to  b e
> 9 5 % .  If th e s lope is  < 9 0 % , u se a noth er  m eter  or
electrode.

O nce th e m eter  is  ca lib ra ted, re-ch eck its  rea dings
on th e ca lib ra tion b u ffers .  R ecord th e ca lib ra tion
inform a tion in  th e m eter’ s  logb ook.  B e su re to
inclu de th e da te  a nd tim e of ca lib ra tion w ith  th e
m onitor’ s  na m e, th e b u ffer  tem pera tu re, th e b u ffer
va lu e, a nd th e m eter’ s  pH  rea ding.  W h en recording
th e b u ffer  va lu e, b e a w a re th a t th e b u ffer’ s  pH
ch a nges w ith  tem pera tu re— look on th e b ottle  la b el
a nd record th e b u ffer  pH  a t th e tem pera tu re ju st
m ea su red.

S a m ple H a ndling a nd P reserva tion
C ollect a  w a ter  sa m ple in  a  c lea n conta iner .  T h e
D E Q  rou tinely m ea su res  pH  in th e fie ld, b u t w h en
th is  is  not possib le , sa m ples a re  a na lyz ed a t th e la b .
If pH  ca n’ t b e m ea su red in  th e fie ld , sa m ples a re
collected in  clea n, tigh tly  sea led 5 0 0  m l (1  pint)
pla stic  conta iners .  T h e desira b le  q u a ntity  of a
sa m ple for  a na lysis  is  1 0 0  m l of solu tion.  T o
preserve th e sa m ples keep th em  cool a t 4 º C .
A ccepta b le s tora ge tim e for  la b ora tory pH
m ea su rem ents  is  3 6  h ou rs a fter  collection
(inclu ding tra nsport tim e).

S a m ples a re  m odera tely a gita ted b efore pou ring
into a  b ea ker— it’ s  im porta nt to  a void m ix ing a ir
into th e sa m ple b eca u se it cou ld ch a nge th e pH .
A ir  intru sion is  a lso a voided w h en stir r ing du ring
pH  m ea su rem ents .

M ea su ring W a ter  S a m ple pH

1 . C a lib ra te  th e pH  m eter  a s  describ ed a b ove.  If
th e m eter  w a s ca lib ra ted ea rlier  in  th e da y, b e
su re to  rem ove th e prob e’ s  filling solu tion vent
plu g b efore m a king a ny pH  m ea su rem ents .

2 . T h orou gh ly r inse th e prob e w ith  distilled
w a ter .  P u t th e prob e in  a  b ea ker of dis tilled
w a ter  (D W ) w h ile  prepa ring th e w a ter  sa m ple.

3 . G ently  sh a ke th e sa m ple conta iner  a nd pou r
a pprox im a tely 1 0 0  m l of th e sa m ple into a
clea n b ea ker .  R em ove th e prob e from  D W  a nd
insert it in to  th e sa m ple w a ter .  R inse prob es in
th e sa m ple for  a t lea st 3 0  seconds.

4 . D u m p ou t th e sa m ple, r inse, a nd pou r a noth er
1 0 0  m l of fresh  sa m ple into th e b ea ker.  A dd
1  m l of pH  Ionic S trength  A dju ster  to  th e
sa m ple u sing a  1  m l syringe.

5 . S tir  for  a  fu ll 3 0  seconds (m odera te  to  ra pid s tir
is  req u ired) .  S tir r ing sh ou ld not b e so vigorou s
th a t a ir  b u b b les a re  entra pped in  th e sa m ple.

6 . S top s tir r ing a nd w a it for  th e pH  rea ding to
sta b iliz e .  U p to  1 0  m inu tes m a y b e req u ired
for th is  to  occu r.  I f m ore th a n 1 0  m inu tes a re
req u ired for  rea dings to  s ta b iliz e , th e prob e
sh ou ld b e clea ned or  repla ced.  A  rea ding m a y
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b e considered s ta b le  w h en it ch a nges a t a  ra te
of less  th a n .0 3  u nits /m in.  E ven a fter  a  rea ding
h a s "sta b iliz ed"  it w ill often flu ctu a te  b y ± 0 .0 4
u nits .

7 . R ecord pH  to th e nea rest 0 .1  u nits .

8 . R em ove th e prob e from  th e sa m ple, r inse
th orou gh ly w ith  D W , a nd insert it in to  th e nex t
sa m ple.  C h eck th e pH  7  b u ffer  every 1 0
sa m ples  or  a t th e end of th e da y to  confirm
sta b ility  of th e ca lib ra tion.  T h e pH  sh ou ld not
h a ve ch a nged b y m ore th a n 0 .2  u nits .  I f
necessa ry, re-ca lib ra te  b efore continu ing w ith
th e a na lysis .

W h en sa m ple testing is  com pleted, repla ce th e
prob e’ s  vent plu g a nd s tore  th e prob e in  th e
m a nu fa ctu rer’ s  recom m ended stora ge solu tion.

A nalyz ing  D ata

V erify th a t th e da ta  is  m eeting th e da ta  q u a lity
ob jectives of th e Q u a lity  A ssu ra nce P roject P la n.
A ccu ra cy is  verified b y ch ecking m eter  ca lib ra tion
records.  P recis ion is  ver ified b y com pa ring th e
resu lts  of du plica te  m ea su rem ents  on th e sa m e
sa m ple.

D a ta  w h ich  pa sses  th e a ccu ra cy a nd precis ion
ob jectives ca n b e com pa red to  th e w a ter  q u a lity
sta nda rds for  th e entire  b a sin.

W ater  Q uality  S tandards

T h e D E Q  h a s a dopted pH  sta nda rds th a t a re
intended to  protect a q u a tic  life .  T h ese s ta nda rds
differ  s ligh tly  from  b a sin to  b a sin b eca u se w a ters  in
som e pa rts  of th e s ta te  h a ve na tu ra lly  h igh er  pH s.
In genera l, a q u a tic  life  su ffers  w h en pH  drops
b elow  6 .5  or  goes a b ove 8 .5 .  C h eck th e O regon

A dm inistra tive R u les for  th e pH  sta nda rds th a t
a pply specifica lly  to  th e respective b a sin.

M entors

A s w ith  a ny m onitor ing project, q u estions w ill
com e u p th a t a re  not a nsw ered or  covered
su fficiently  in  th is  protocol.  T h erefore, a  grou p of
m entors  th a t a re  a gency ex perts  in  m onitor ing h a ve
b een identified .  T h ese m entors  m a y b e conta cted
w ith  specific  q u estions a b ou t a  pa rticu la r
m onitoring effort.

S ta tew ide D E Q  V olu nteer  M onitor ing C oordina tor
K a ren W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  w illia m s.ka ren@ deq .sta te .or .u s

N orth  C oa st
L a rry C a ton (5 0 3 )2 2 9 -5 9 8 3 ;
E -m a il:  ca ton.la rry@ deq .sta te .or .u s

S ou th  C oa st &  W illa m ette
D ennis  A des (5 0 3 )-2 2 9 -5 9 8 3 ;
E -m a il:  a des.dennis@ deq .sta te .or .u s

E a stern O regon
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3 ;
E -m a il:  m a rx er.la rry@ deq .sta te .or .u s

R eferences

M cC u tch eon, S .C ., M a rtin , S .L ., a nd B a rnw ell,
T .O . 1 9 9 2 .  W a ter  q u a lity .  C h a pter  1 1  in
H a n d b o o k  o f h y d ro lo g y .  M a idm ont, D .R . [E d.] .
M cG ra w -H ill, Inc.: N ew  Y ork, N Y .

S a w yer, C .N ., a nd M cC a rty, P .L . 1 9 6 7 .  C h e m istry
fo r sa n ita ry  e n g in e e rs .  M cG ra w -H ill B ook
C om pa ny: N ew  Y ork, N Y .
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C h ap ter 9

C o n d u ctiv ity  P ro to co l

B ack ground

C ondu ctivity  (or  specific  condu cta nce)  is  a  m ea su re
of w a ter’ s  a b ility  to  condu ct a n electr ica l cu rrent
(S a w yer a nd M cC a rty 1 9 6 7 ).  T h e condu ctivity  of a
w a ter  sa m ple depends on th e w a ter  tem pera tu re a nd
on th e concentra tion of dissolved sa lts  or  oth er
su b sta nces th a t ca n ca rry a n electr ica l ch a rge.

T h ere is  no w a ter  q u a lity  s ta nda rd for  condu ctivity ,
b u t condu ctivity  ca n b e a  u sefu l dia gnostic  tool for
interpreting oth er  w a ter  q u a lity  inform a tion.  F or
ex a m ple, dom estic  a nd indu str ia l w a stew a ter ,
s torm w a ter , a nd irr iga tion retu rn w a ter  often h a ve
h igh er  condu ctivities  th a n th e receiving s trea m s.
G rou ndw a ter  inflow s a lso typica lly  h a ve h igh er
condu ctivities  th a n su rfa ce ru noff.  M ea su ring
condu ctivity  is  a lso inform a tive in  estu a ries  a nd
coa sta l r ivers  th a t m a y b e influ enced b y sa lt w a ter
a s a  resu lt of ocea n tides.

C ondu ctivity  is  m ea su red w ith  a  m eter  a nd is
reported in  u nits  ca lled m icrom h os/centim eter
(m h os/cm ) or  m icrosiem ens.cm  (s/cm ).

C ondu ctivity  m eters  a re  u su a lly  fa ctory ca lib ra ted,
b u t need to  b e periodica lly  tested for  a ccu ra cy in  a
sta nda rd sa lt solu tion.  C ondu ctivity  m eters  in
genera l req u ire  m u ch  less  m a intena nce th a n pH
m eters  or  dissolved ox ygen m eters .  P rob lem s
a ssocia ted w ith  a  condu ctivity  m eter  a re  u su a lly
du e to  dea d b a tter ies , a  cra cked or  da m a ged ca b le ,
or  a  da m a ged or  defective electrode.

F resh  su rfa ce w a ters  in  O regon ra nge in
condu ctivity  from  a b ou t 2 0  to  5 0 0  m h os/cm .  In  th e
W illa m ette  V a lley a nd C oa st R a nge condu ctivities
a re  typica lly  1 5 0  m h os/cm  or less .  D istilled or  de-
ioniz ed w a ter  th a t h a s b een in  conta ct w ith  th e a ir
u su a lly  h a s  a  condu ctivity  of a b ou t 1  m h o/cm .

O rder ing  E quipm ent

C ondu ctivity  m eters  ca n b e pu rch a sed from  a
va riety of scientific  su pply com pa nies .  Im porta nt

fea tu res inclu de digita l rea dou t, a u tom a tic
tem pera tu re com pensa tion, a nd a ccu ra cy of ± 0 .5 % .

S ta nda rd sa lt solu tions for  testing instru m ent
a ccu ra cy a re  a lso a va ila b le  from  scientific
su ppliers .  T h e recom m ended s ta nda rd solu tion for
fresh  su rfa ce w a ter  m ea su rem ents  is  pota ssiu m
ch loride (K C l)  w ith  a  condu ctivity  of 1 4 7
m m h os/cm .9

Fie ld  Protocol

C a lib ra ting E q u ipm ent

M ost condu ctivity  m eters  a re  ca lib ra ted a t th e
fa ctory, b u t it is  necessa ry to  ch eck th e a ccu ra cy
a ga inst a  s ta nda rd solu tion.  F or  su rfa ce w a ter
m onitor ing th e D E Q  u ses a  s ta nda rd solu tion of
pota ssiu m  ch loride w h ich  h a s a  condu ctivity  of
1 4 7  m h os/cm .

1 . T u rn on th e m eter  a nd r inse th e prob e in
distilled or  deioniz ed w a ter .

2 . R inse th e prob e w ith  th e C ondu ctivity  S ta nda rd
S olu tion.

3 . P ou r a b ou t 2 0 0  m l of S ta nda rd S olu tion into a
clea n b ea ker  a nd im m erse th e prob e.  M a ke
su re th e tem pera tu re a nd condu ctivity  sensors
a re fu lly  su b m erged.

4 . S et th e m eter  to  displa y tem pera tu re.

5 . A gita te  th e prob e in  th e solu tion, b u t do not
a llow  prob e to  conta ct th e w a lls  of th e
conta iner .

6 . R ecord th e solu tion tem pera tu re w h en th e
rea ding is  s ta b le .

7 . S et th e m eter  to  displa y condu ctivity  in
m h os/cm  w ith  th e tem pera tu re com pensa tion.

                                               
9 Note: some meters display an equivalent unit to µmhos/cm called
micro-siemens/cm (µS/cm). 1 µmhos/cm = 1 µS/cm
Other meters display in milli-siemens/m (mS/m). Be careful not to
confuse units! 10 µmhos/cm = 1 mS/m
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8 . A gita te  th e prob e a s  in  s tep 5  a nd record th e
condu ctivity  to  th e nea rest w h ole nu m b er.

9 . C a lcu la te  th e R ela tive P ercent D ifference
(R P D ) b etw een th e instru m ent rea ding a nd th e
S ta nda rd S olu tion’ s  va lu e.

1 0 . T h e R ela tive P ercent D ifference sh ou ld b e
w ith in 7 %  for D a ta  Q u a lity  L evel “ A ”  or
w ith in 1 0 %  for D a ta  Q u a lity  L evel “ B ”  (refer
to  C h a pter  4 , D a ta  Q u a lity  ) .  I f th e R P D  is
grea ter  th a n th e ex pected va lu e, repea t th e
a ccu ra cy test w ith  fresh  solu tions.  I f th a t
doesn’ t fix  th e prob lem , th e m eter  or  prob e
needs service.

Sam ple  H andling  and  Preservation

C ollect a  w a ter  sa m ple in  a  c lea n conta iner  or  low er
th e prob e directly  into th e w a ter .  T h e D E Q
rou tinely m ea su res  condu ctivity  in  th e fie ld, b u t
w h en th is  is  not possib le  sa m ples a re  a na lyz ed a t
th e la b .  I f condu ctivity  ca n’ t b e m ea su red in  th e
field, sa m ples a re  collected in  clea n, tigh tly  sea led
5 0 0  m l (1  pint)  pla stic  conta iners .
S a m p le  p re se rv a tio n — sa m ples a re  kept cool a t
4 º C  on ice or  in  a  refr igera tor .  S tora ge tim e for
sa m ples is  u p to  2 8  da ys a fter  collection.

M easur ing  C onductivity  of a  W ater  Sam ple

1 . T u rn on th e m eter  a nd r inse th e prob e in
distilled or  deioniz ed w a ter .

2 . R inse th e prob e w ith  th e w a ter  sa m ple.

3 . P u t th e prob e directly  in  th e w a terb ody or  pou r
a b ou t 200 m l of sa m ple into a  clea n b ea ker a nd
im m erse th e prob e.  M a ke su re th e tem pera tu re
a nd condu ctivity  sensors  a re  fu lly  su b m erged.

4 . S et th e m eter  to  displa y tem pera tu re.

5 . A gita te  th e prob e in  th e sa m ple, b u t do not
a llow  th e prob e to  h it b ottom  or conta ct th e
w a lls  of th e conta iner .

6 . R ecord th e sa m ple’ s  tem pera tu re w h en th e
rea ding is  s ta b le .

7 . S et th e m eter  to  displa y condu ctivity  in
m h os/cm .  M a ke su re th e m eter  is  a lso set for

a u tom a tic  tem pera tu re com pensa tion to  2 5 oC .

8 . A gita te  th e prob e a s  in  s tep 5  a nd record th e
condu ctivity  to  th e nea rest w h ole nu m b er.

A nalyz ing  D ata

V erify th a t th e da ta  a re  m eeting th e da ta  q u a lity
ob jectives of th e Q u a lity  A ssu ra nce P roject P la n.
A ccu ra cy is  ver ified b y ch ecking th e m eter
ca lib ra tion records.  P recis ion is  verified b y
com pa ring th e resu lts  of du plica te  m ea su rem ents  on
th e sa m e sa m ple.

M entors

A s w ith  a ny m onitor ing project, q u estions w ill
com e u p th a t a re  not a nsw ered or  covered
su fficiently  in  th is  protocol.  T h erefore, a  grou p of
m entors  th a t a re  a gency ex perts  in  m onitor ing h a ve
b een identified .  T h ese m entors  m a y b e conta cted
w ith  specific  q u estions a b ou t a  pa rticu la r
m onitoring effort.

S ta tew ide D E Q  V olu nteer  M onitor ing C oordina tor
K a ren W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E-mail:  w illia m s.ka ren@ deq .sta te .or .u s

N orth  C oa st
L a rry C a ton (5 0 3 )2 2 9 -5 9 8 3 ;
E -m a il:   ca ton.la rry@ deq .sta te .or .u s

S ou th  C oa st &  W illa m ette
D ennis  A des  (5 0 3 )-2 2 9 -5 9 8 3 ;
E -m a il:   ades.dennis@deq.state.or.us

E a stern O regon
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3 ;
E -m a il:  m a rx er.la rry@ deq .sta te .or .u s

R eferences

S a w yer, C .N ., a nd M cC a rty, P .L . 1 9 6 7 .  C h e m istry
fo r sa n ita ry  e n g in e e rs .  M cG ra w -H ill B ook
C om pa ny: N ew  Y ork, N Y .
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C h ap ter 10

N itro g en  a n d  P h o sp h o ru s P ro to co ls

B ack ground

T h e tw o prim a ry nu tr ients  of concern for  w a ter
q u a lity  a re  nitrogen (N ) a nd ph osph oru s (P ).
E x cess  a m m onia  a nd nitra te  ca n b e tox ic  to  s trea m
orga nism s a nd h u m a ns.  O f pa rticu la r  concern is
b lu e b a b y syndrom e ( infa nt m eth em oglob inem ia )
ca u sed b y ex cess  nitra te/nitr ite .  T h ese concerns a re
u su a lly  a ssocia ted w ith  concentra ted loa ds from
m u nicipa l s ites  su ch  a s sew a ge trea tm ent ou tfa lls  or
th ey m a y resu lt from  repea ted h ea vy a pplica tions of
nitrogen fertiliz er  or  a nim a l w a ste .

T h e m ost com m on b a sin-w ide concern w ith
nu tr ients  is  e u tro p h ic a tio n  of s trea m s a nd la kes.
E u troph ica tion is  a n ex cessive grow th  of a q u a tic
pla nts .  E u troph ica tion occu rs  w h en concentra tions
of nitrogen, ph osph oru s a nd oth er  environm enta l
conditions fa vora b le  to  a q u a tic  pla nt grow th
(tem pera tu re, ligh t, flow  velocity)  a re  eleva ted a nd
a va ila b le .

T h is  ex cessive pla nt grow th  ca u ses da ily
flu ctu a tions in  dissolved ox ygen a nd pH  a nd ca n
im pa rt u ndesira b le ta stes  a nd odors  to  w a ter .  T h ese
w a ter  q u a lity  im pa cts  ca n a dversely a ffect th e u ses
of w a ter  for  fish  h a b ita t, recrea tion, a nd drinking
w a ter .  T h e U S  E nvironm enta l P rotection A gency is
cu rrently  developing new  na tionw ide w a ter  q u a lity
criter ia 1 0  for  nu tr ients .  B y th e yea r  2 0 0 0 , nu m eric
criter ia  for  nitrogen a nd ph osph oru s w ill b e
developed w h ich  w ill reflect different types of
w a ter  b odies  a nd ecoregions.

                                               
10 http://www.epa.gov/cleanwater/action/overview.html

T h e protocols  describ ed h ere a re  designed for
collecting a nd preserving a  sa m ple for  a na lysis  b y a
la b ora tory.  L evels  of concern a re  often b elow  th e
detection lim its  of fie ld  sa m pling kits  a nd a re
difficu lt to  record a ccu ra tely w ith  specific  ion
electrodes.  T h erefore th ese sa m ples a re  b est
a na lyz ed a t a  com m ercia l a na lytica l la b ora tory.
T h e firs t s tep is  to  determ ine w h a t form s of nitrogen
a nd ph osph oru s sh ou ld b e a na lyz ed so th a t th e
a ppropria te  preserva tion protocols  ca n b e selected
(S tednick 1 9 9 1 ).

N itrogen ca n occu r  in  m a ny form s in  th e
environm ent.  N itrogen ca n a lso cycle  b etw een
th ese different form s (F igu re 1 0 -1 .)  T h e nitrogen
form s th a t a re  m ost com m only tested a re  th ose
w h ich  a re  th e m ost b iologica lly  a va ila b le: solu b le
nitra te/nitr ite  nitrogen (N O 3 - , N O 2 -), a m m onia
(N H 3 ), a nd tota l K jeh lda h l nitrogen ( th e su m  of th e
free a m m onia  a nd orga nic  nitrogen) .  N itra te  is
especia lly  im porta nt b eca u se it is  re la tively solu b le
in w a ter  com pa red to  oth er  nitrogen form s.  T h e
M onitor ing T ea m  for  th e O P S W  recom m ends th a t
sa m ples b e a na lyz ed for  nitra te/nitr ite  a nd tota l
K jeh lda h l nitrogen.
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F igure 10-1 .  T he n itrogen  cycle (from  Saw yer and  M cC arty 1967)

P h osp h oru s a lso  com es in  m a n y d ifferen t form s
(F ig u re  1 0 -2 ).  T h e tw o form s for w h ich  a n a lyses a re
th e m ost com m on  a re  orth op h osp h a te  a n d  to ta l
p h osp h oru s.  O rth op h osp h a tes in clu d e H 2 P O 4 -, a n d

H P O 4 2 -, a n d  P O 4 3 -.  T h ese a re  d issolved  form s of
p h osp h oru s w h ich  a re  a va ila ble  for a q u a tic  p la n t u se .
T ota l p h osp h oru s in clu d es d issolved  a n d  p a rticu la te ,
org a n ic , a n d  in org a n ic  form s.

E quipm ent

A  lis t of eq u ip m en t n eed ed  to  sa m p le for n itrog en
a n d  p h osp h orou s is  sh ow n  in  T a ble  1 0 -1 .  S a m p le
bottles  n eed  to  be c lea n  a n d  m a d e of a  m a teria l th a t
d oes n ot lea ch  or rea ct w ith  th e  sa m p le.  C lea n in g  of
reu sa ble  sa m p le bottles  sh ou ld  be d on e a ccord in g  to
in stru ction s from  th e  la bora tory receivin g  th e  sa m p le
beca u se som e d eterg en ts  ca n  con ta m in a te  sa m p les.
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T able 10-1 .  M ateria ls needed  to  collect sam ples for n itrate/n itrite, k jeh ldah l n itrogen , orthophosphate, and  total phosphorous.

5 0 0  m l c lean, reu sable  p o ly e thy lene  bo ttle

2 5 0  m l c lean, reu sable  p o ly e thy lene  bo ttle

0 .4 5  µ m  filte r d iscs and  sy ring e

C o o ler and  ice  o r blu e  ice

C o ncentra ted  H 2 S O 4

M ark ing  p en and  labe ls

F igure 10-2 .  F orm s of phosphorus in  w ater (from  M cC utcheon , M artin , and  B arnw ell 1993).

F ie ld  M etho d

T h is sa m ple w ill b e a na lyz ed for  n itra te /n itr ite ,
k je h ld a h l n itro g e n , a n d  to ta l p h o sp h o ro u s .  T h e
sa m p le  m u st b e  d e liv e re d  to  th e  la b  fo r a n a ly sis
w ith in  2 8  d a y s.
1 . R inse th e 5 0 0  m l b ottle  in  th e w a ter  b ody to  b e

sa m pled, disca rding initia l w a ter  collected.
2 . F ill th e 5 0 0  m l b ottle , lea ving a b ou t a n inch  a t

th e top of th e b ottle .

3 . A dd 1 2  drops of concentra ted H 2 S O 4  (su lfu ric
a cid) .

4 . L a b el a nd pla ce in  th e cooler  w ith  ice  to  keep
th e sa m ple preserved.

T h is  sa m ple w ill b e a na lyz ed for  o rth o p h o sp h a te s .
T h e  sa m p le  m u st b e  d e liv e re d  to  th e  la b  fo r
a n a ly sis  w ith in  4 8  h o u rs.
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1 . U sing a  4 5  µ m  filter  disc  a nd syringe, filter
a b ou t 2 0 0  m ls into th e b ottle .

2 . L a b el a nd s tore  in  th e cooler

T a ke sa m ples directly  to  th e la b ora tory or  sh ip
th em  im m edia tely.  K eep sa m ples  cool a nd
refr igera ted (4 ° C ) u ntil a na lyz ed.

M ento rs

A s w ith  a ny m onitor ing project, q u estions w ill
com e u p th a t a re  not a nsw ered or  covered
su fficiently  in  th is  protocol.  T h erefore, a  grou p of
m entors  th a t a re  a gency ex perts  in  m onitor ing h a ve
b een identified .  T h ese m entors  m a y b e conta cted
w ith  specific  q u estions a b ou t a  pa rticu la r
m onitoring effort.

S ta tew ide D E Q  V olu nteer  M onitor ing C oordina tor
K a ren W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  w illia m s.ka ren@ deq .sta te .or .u s

N orth  C oa st
L a rry C a ton (5 0 3 )2 2 9 -5 9 8 3 ;
E -m a il:  ca ton.la rry@ deq .sta te .or .u s

S ou th  C oa st &  W illa m ette
D ennis  A des (5 0 3 )-2 2 9 -5 9 8 3 ;
E -m a il:  a des.dennis@ deq .sta te .or .u s

E a stern O regon
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3 ;
E -m a il:  m a rx er.la rry@ deq .sta te .or .u s

R eferences

M cC u tch eon, S .C ., M a rtin , J .L ., a nd B a rnw ell,
T .O . 1 9 9 3 .  W a ter  q u a lity .  C h a pter  1 1  in
H a n d b o o k  o f H y d ro lo g y .  M a idm ent, D .R . [E d.] .
M cG ra w -H ill: N ew  Y ork, N Y .

S tednick, J .D . 1 9 9 1 .  W ild la n d  w a te r q u a lity
sa m p lin g  a n d  a n a ly sis .  A ca dem ic P ress: N ew
Y ork, N Y . 2 1 7 p.

S a w yer, C .N ., a nd M cC a rty, P .L . 1 9 6 7 .  C h e m istry
fo r sa n ita ry  e n g in e e rs.  M cG ra w -H ill B ook
C om pa ny: N ew  Y ork, N Y . 5 1 8  p .
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C h ap ter 11

T u rb id ity  P ro to co l

S ed im ent C ha ra cter is tics  a nd  E ffects  o n
S trea m  E co sy stem s

S edim ent is  a n essentia l com ponent of h ea lth y
sa lm on a nd trou t s trea m s.  C h a nnel fea tu res  su ch  a s
point b a rs , r iffles , a nd floodpla ins  a re  a ll produ cts  of
sedim ent inpu ts .  S edim ents  provide su b stra te  a nd
h a b ita t for  a lga e a nd m a croinverteb ra tes , plu s
spa w ning gra vels  a nd rea ring h a b ita ts  for  fish .  Y et,
sedim ent is  freq u ently  identified a s  a  fa ctor
contr ib u ting to  th e im pa irm ent of a q u a tic
produ ctivity  in  sa lm on a nd trou t s trea m s th rou gh ou t
th e P a cific  N orth w est b eca u se too m u ch  fine
sedim ent in  th e w a ter  colu m n or  s trea m b ed ca n b e
detr im enta l to  a q u a tic  insects  a nd th e fish  th a t feed
u pon th em .

L a rge inpu ts  of fine sedim ent to  th e s trea m  ca n
degra de a q u a tic  inverteb ra te  a nd fish  h a b ita ts  a nd
a lter  th e s tru ctu re a nd w idth  of s trea m  ch a nnels  a nd
a dja cent r ipa ria n z ones (M a cD ona ld et a l. 1 9 9 1 ).
Increa sed sedim ent inpu t m a y eleva te  su spended
sedim ent concentra tions a nd tu rb idity .  E x cess  fine
sedim ents  fill in tergra vel spa ces u sed b y a q u a tic
insects  a nd you ng fish .  P ool freq u ency a nd depth
m a y dim inish  a nd ch a nnel sin u o sity 1 1  a nd oth er
ch a nnel ch a ra cter is tics  ca n b e a pprecia b ly ch a nged.
L a nd m a na gem ent a ctivities  ca n contr ib u te  to  th ese
im pa cts  b y a ffecting w a tersh ed processes a nd
a lter ing sedim ent delivery to  a  s trea m  netw ork.

B a ckg ro und

S edim ent is  th e produ ct of erosiona l a nd flu via l
processes .  E rosion involves th e processes  of
d e ta c h in g  sedim ent pa rtic les , tra n sp o rtin g  th em
from  th e origina l s ite  a nd eventu a lly  d e p o sitin g
th ose pa rtic les .  S ite  ch a ra cteris tics  su ch  a s
geology, soils , s lope s teepness  a nd length ,

                                               
11 Sinuosity is the amount that a stream channel
curves or meanders laterally across the land
surface.

vegeta tion, precipita tion regim e, ch a nnel a nd
strea m flow  ch a ra cteris tics  a ll influ ence na tu ra l
erosion ra tes .  In  a ddition la nd m a na gem ent
a ctivities  ca n ca u se increa sed ra tes  of erosion.
E rosion a nd th e delivery of sedim ent to  s trea m
system s a re com plex  a nd na tu ra lly  occu rr ing
processes in  a ll w a tersh eds.

M onitor ing th e sou rces of sedim ent, its
tra nsporta tion b y s trea m s, a nd deposition trends ca n
often provide im porta nt inform a tion for  b etter
m a na gem ent decis ions.  M onitor ing tu rb idity
a ddresses  one com ponent of th e erosiona l cycle—
th e tra n sp o rtof fine sedim ent.  O th er  com ponents  of
th e erosiona l process  inclu de so u rc e s  of sedim ent
a nd d e p o sitio n  of sedim ent.
If m onitors  a re  interested in  identifying roa d-rela ted
sou rces of sedim ent, th ey sh ou ld refer  to  A p p end ix
D  for  th e R o a d  H a za rd  R isk  In v e n to ry .  O th er
sou rces of sedim ent w ith in a  w a tersh ed m a y a lso
need to  b e a ddressed (e .g . u rb a n or  residentia l
developm ent, a gricu ltu ra l ru n-off, logging, e tc .) .

F or m eth ods to  m onitor  th e d e p o sitio n  of fine
sedim ent in  s trea m  rea ch es plea se refer  to
A p p end ix  E  for  th e S e d im e n t D e p o sitio n
P ro to c o l.  T h ese protocols  a re  designed to
com plem ent w a tersh ed a na lysis  a ctivities  identified
in th e O regon W a tersh ed A ssessm ent M a nu a l.

T urb id ity

S edim ent pa rtic les  a re  ch a ra cteriz ed b y th eir  s iz e.
T h ey ra nge from  th e finest c la ys a nd silt pa rtic les  to
sa nd, peb b les , gra vels , a nd b ou lders .  O nce
sedim ent pa rtic les  h a ve b een introdu ced to  a  s trea m
system , th e sm a ller  pa rtic les  (s ilts  a nd cla ys)  a re
typica lly  tra nsported a s  su spended sedim ent in  th e
w a ter  colu m n b efore eventu a lly  settling ou t a nd
depositing.
P rocessing a nd a na lyz ing su spended sedim ent
sa m ples  a nd da ta  ca n b e com plex  a nd ex pensive.  A
freq u ently  u sed su b stitu te  for  m ea su ring su spended
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sedim ent is  tu rb idity .  T u rb id ity  is  re la tiv e ly  e a sy
a n d  in e x p e n siv e  to  m e a su re  a n d  is  o fte n  th e  b a sis
fo r w a te r q u a lity  s ta n d a rd s a n d  c a n  b e  c o rre la te d
w ith  su sp e n d e d  se d im e n t o n  a  s ite -sp e c ific  b a sis .
M onitor ing tu rb idity  ca n provide va lu a b le
inform a tion to  h elp u ndersta nd b a seline trends over
tim e a s w ell a s  th e effects  of a  specific  project on
w a ter  q u a lity .  T h e na tu re a nd a ttr ib u tes of
tu rb idity  a re  describ ed b elow  to a id in  da ta
interpreta tion.

T u rb idity  va ries  w ith  th e nu m b er a nd siz e of
pa rtic les  present in  th e w a ter  colu m n.  T u rb idity  is
defined a s th e optica l property of a  sa m ple th a t
ca u ses ligh t to  b e sca ttered a nd a b sorb ed.

S ince w a ter-b orne pa rtic les  oth er  th a n sedim ent ca n
sca tter  ligh t (e .g ., fine orga nic m a tter , pla nkton,
m icroscopic orga nism s), tu rb id ity  is  n o t a  d ire c t
m e a su re  o f se d im e n t in  th e  w a te r c o lu m n .  T h e
rela tionsh ip b etw een su spended sedim ent a nd
tu rb idity  ca n va ry grea tly  b etw een sites .  F or
ex a m ple, a  w a tersh ed w ith  coa rse soils  m a y h a ve
grea t flu x a tions in  su spended sedim ent, b u t
tu rb idity  m a y rem a in fa ir ly  s ta b le .  A  w a tersh ed
w ith  fine cla y soils  m a y h a ve consistently  h igh
tu rb idity , b u t low  concentra tions of sedim ent
(M a cD ona ld et a l. 1 9 9 1 ).

T u rb idity  levels  a re  influ enced b y th e sa m e fa ctors
a s su spended sedim ent w ith  th e a dditiona l
com plica tion of tu rb idity’ s  sensitivity  to
w a ter-b orne pa rtic les  oth er  th a n sedim ent (B row n
1 9 8 3 ).  In  genera l, tu rb idity  ca n b e ex pected to
increa se du ring h igh  s trea m  flow  events , b u t th is
w ill va ry w ith in a  given storm  a nd b etw een storm s.
F or ex a m ple, th e firs t s torm  of th e yea r  m a y
produ ce h igh er tu rb idity  levels  th a n a  s torm  of th e
sa m e m a gnitu de th a t occu rs  la ter  in  th e sea son.
L ikew ise, a s  s trea m  flow  initia lly  r ises  du ring a
storm  event (referred to  a s  th e “ r is ing lim b ”  of a
storm  h ydrogra ph ), tu rb idities  m a y b e h igh .  T h e
eq u iva lent flow  a s th e s trea m  recedes ( th e " fa lling
lim b " of a  s torm  h ydrogra ph ) m a y produ ce low er
tu rb idity  levels .  B eca u se of th ese ch a ra cteris tics ,
th e rela tionsh ip b etw een su spended sedim ent a nd
tu rb idity  m u st b e determ ined for  ea ch  site  (B esch ta
1 9 8 0 ) a nd a  ra nge of flow  conditions (B row n
1 9 8 3 ).

T h e va ria b ility  in  tu rb idity  b etw een sites  a nd over
tim e ca n m a ke it very difficu lt to  esta b lish  a  na tu ra l
or  b a ckgrou nd level.  M ea su rem ent errors  ca n
increa se th is  va ria b ility  a s  w ell.  S o it is  im porta nt
to  u se ca u tion w h en dra w ing conclu sions w ith  th e
m onitor ing da ta  a b ou t effects  of m a na gem ent.

T u rb idity  m ea su rem ents  m a y b e m ost u sefu l for
project m onitor ing.  In  th is  ca se sa m ples sh ou ld b e
collected u pstrea m  a nd dow nstrea m  of a  pla nned
project, b efore, du ring a nd a fter  th e project
com m ences.

T h e m ost com m only u sed m ea su rem ent m eth od for
tu rb idity  is  th e neph lom etric  tu rb idity  m eth od
(S tednick 1 9 9 1 ).  N eph lom etric  m eth ods m ea su re
th e sca tter  of ligh t a nd perform  b etter  for  h igh  a nd
low  tu rb idities  (m ea su red in  N eph lom etric
T u rb idity  U nits  or  N T U s).

M ento r  C o nta cts

A s w ith  a ny m onitor ing project, q u estions w ill
com e u p th a t a re  not a nsw ered or  covered
su fficiently  in  th is  protocol.  T h erefore, a  grou p of
m entors  th a t a re  a gency ex perts  in  m onitor ing h a ve
b een identified.  T h ese m entors  m a y b e conta cted
w ith  specific  q u estions a b ou t pa rticu la r  m onitoring
goa ls  a nd efforts .  Q u estions a b ou t tu rb idity
m onitor ing sh ou ld b e directed to  one of th e
follow ing:

O D F  M onitor ing C oordina tor
L iz  D ent (5 0 3 ) 9 4 5 -7 4 9 3
E -m a il:  L iz .F .D ent@ sta te .or .u s
O regon D epa rtm ent of F orestry
2 6 0 0  S ta te  S treet
S a lem , O regon 9 7 3 1 0

D E Q
O regon D E Q  L a b ora tory

1 7 1 2  S W  1 1 th

P ortla nd, O R  9 7 2 0 1
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S ta tew ide D E Q  V olu nteer  M onitor ing C oordina tor
K a ren W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  w illia m s.ka ren@ deq .sta te .or .u s

N orth w est R egiona l M onitor ing  C oordina tor
L a rry C a ton (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  ca ton.la rry@ deq .sta te .or .u s

W estern R egiona l M onitor ing C oordina tor
D ennis  A des (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  a des.dennis@ deq .sta te .or .u s

E a stern R egiona l M onitor ing C oordina tor
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  m a rx er .la rry@ deq .sta te .or .u s

E q uip m ent

T h e follow ing eq u ipm ent w ill b e needed to  sa m ple
tu rb idity:

•  A  porta b le  tu rb idim eter  (a va ila b le  from  D E Q ’s
V olu nteer  M onitor ing P rogra m  or  scientific
su pply h ou ses) .  T h ese instru m ents  a re
ca lib ra ted on th e neph lom etric  tu rb idity  m eth od
(see a b ove)  a nd m eets  th e cr iter ia  esta b lish ed
b y E P A .  T h e H A C H  2 1 0 0 P  (porta b le)
T u rb idim eter  is  a va ila b le  to  loca l w a tersh ed
grou ps th rou gh  D E Q ’s V olu nteer  M onitor ing
P rogra m  a nd is  referenced in  th is  protocol.  T h e
H A C H  T u rb idim eter  kit inclu des th e G elex
S econda ry S ta nda rds (for  ch ecking th e
a ccu ra cy of th e tu rb idim eter  in  th e fie ld) , a nd
sm a ll sa m ple b ottles  for  testing tu rb idity  w ith
th e tu rb idim eter .

•  S ta b iliz ed F orm a z in P rim a ry S ta nda rd K it
(a va ila b le  from  th e D E Q  V olu nteer  M onitoring
P rogra m ) for  a  m ore th orou gh , periodic,
tu rb idim eter  ca lib ra tion. (see th e “ C a lib ra tion”
section b elow )

•  A ny clea n conta iner  for  ta king gra b  sa m ples.

S ite  S e lectio n

S ite  selection procedu res describ ed in  C h a pter  3
(S e le c tin g  S ite s)  a pply to  tu rb idity  m onitoring.  A ll
w a ter  q u a lity  sa m ples collected to  m ea su re

tu rb idity  m u st b e representa tive of th e
environm enta l conditions b eing investiga ted.  F or
ex a m ple, if th e m onitoring ob jective is  to  determ ine
th e effects  of a  gra z ing a ctivity  on tu rb idity , th e
sa m ple m u st b e collected in  a  loca tion directly
a ffected b y th e gra z ing a ctivity  ( im m edia tely
dow nstrea m  of th e a ctivity) .  T h e ea siest pla ce to
ob ta in th e sa m ple m a y b e a  few  h u ndred feet
dow nstrea m  of th e gra z ing s ite  a t a  roa d crossing.
H ow ever , th is  w ou ld not provide a  representa tive
sa m ple b eca u se th e likelih ood of ca ptu ring oth er
tu rb idity-genera ting a ctivities  (a  dir t roa d,
developm ent s ite , e tc)  increa ses a nd th e sa m ple is
no longer  representa tive of th e gra z ing a ctivity .

G ra b  S a m p le

M a teria ls  th a t ca u se tu rb idity  tend to  b e evenly
distr ib u ted in  th e w a ter  colu m n a nd a cross th e
strea m  cross-section.  T h erefore a  “ gra b  sa m ple”
su fficiently  represents  th e sa m ple loca tion.  T h e
sa m ple ca n b e collected a t a ny point in  th e s trea m
(eith er  nea r  th e b a nk or  th e deepest pa r t of th e
ch a nnel)  b y low ering th e lip  of th e sa m ple b ottle
b elow  th e su rfa ce of th e w a ter .

S a m p le  T im ing

T im ing of th e gra b  sa m ple is  ju st a s  cr itica l a s  s ite
selection.  S trea m  flow  grea tly  influ ences tu rb idity .
T h erefore, it is  im porta nt to  sa m ple for  tu rb idity
du ring s im ila r  flow  conditions u nless  th e ob jective
is  to  m onitor  th e differences b etw een low  flow  a nd
pea k flow  tu rb idity .  F or ex a m ple, it w ou ld b e
ina ppropria te  to  com pa re a  pre-project sa m ple
collected du ring a  s torm  event w ith  a  post-project
sa m ple th a t w a s collected du ring low er flow
conditions.  G iven th e a b ove discu ssion rega rding
site  selection a nd sa m ple tim ing, consider  th e
follow ing gu idelines  w h en designing a  sa m ple:

•  C lea rly define th e project ob jectives  a nd
m onitoring q u estions.  T h is  w ill h elp identify
sa m pling loca tion a nd tim ing.

•  C lea rly identify  th e sou rce, project, or  a ctivity
b eing m onitored a nd loca te  sa m ple points  to  th e
closest prox im ity of th ese a ctivities .
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•  C lea rly identify th e tim e period or  flow
conditions of concern a nd consistently  m onitor
du ring th ose tim es a nd conditions.

•  If th e ob jective is  to  m onitor  a  specific  a ctivity ,
th en ob ta in tu rb idity  sa m ples u pstrea m  of th e
project s ite  du ring th e a ctivity  a s  a  control to
m onitor  b a ckgrou nd tu rb idity  conditions.
T h ese sa m ples sh ou ld b e collected in  a ddition
to th e sa m ples ob ta ined im m edia tely
dow nstrea m  of th e project s ite .

•  If th e ob jective is  to  collect b a seline da ta  on
tu rb idity , th e sa m ple freq u ency a nd nu m b er of
loca tions m u st b e la rge enou gh  to  ca ptu re th e
ra nge of flow  conditions a nd tu rb idity-
genera ting a ctivities  th a t a re  occu rring in  th e
rea ch  or  b a sin.

A ccu ra cy C h eck
F ield ch eck th e tu rb idim eter  a ga inst th e G elex
S econda ry S ta nda rds a t th e s ta r t of ea ch  set of
m ea su rem ents .  I f nu m erou s sa m ples a re  to  b e
processed, per iodica lly  ch eck th e instru m ent a ga inst
th e ca lib ra tion s ta nda rds a nd a dju st a ccordingly.

•  P la ce th e firs t G elex  S ta nda rd (0  to  1 0
ra nge) in  th e cell com pa rtm ent of th e m eter
w ith  th e w h ite  dia m ond on th e via l
a ligning w ith  th e or ienta tion m a rk on th e
m eter .  C lose th e lid .

•  P ress “ P O W E R ” , a nd w h en 0 .0 0  sh ow s
in th e displa y w indow , press  “ R E A D .”  I f
th e rea ding is  not w ith in 5 %  of th e
S ta nda rd, reca lib ra te  th e instru m ent w ith
th e pr im a ry F orm a z in S ta nda rd (see
b elow ).

•  R epea t th is  procedu re w ith  th e rem a ining
tw o G elex  S ta nda rds (0  to  1 0 0  a nd 0 1  to
1 0 0 0  ra nges) .

D u plica te  S a m ples
O b ta ining du plica te  sa m ples is  im porta nt for
docu m enting th e va ria b ility  from  sa m ple to  sa m ple.
D u plica te  sa m ples sh ou ld b e collected a t a  ra te  of
one du plica te  sa m ple for  every ten regu la r  sa m ples
collected.  A ll sa m ples m u st b e identified on a  fie ld
da ta  sh eet b y:

•  D escription of sa m pling point

•  Identifica tion (or  L a t/L ong.)  of sa m pling s ite

•  D a te a nd tim e of collection

•  N a m e of collector

C a lib ra tion
T h e M odel 2 1 0 0 P  T u rb idim eter  is  ca lib ra ted w ith
F orm a z in P rim a ry S ta nda rd a t th e fa ctory a nd d o e s
n o t re q u ire  re c a lib ra tio n  b e fo re  u se .  W ith  stea dy
field u se, h ow ever , th e H A C H  C om pa ny
recom m ends reca lib ra tion every th ree m onth s, or  a s
often a s  ex perience dicta tes .  R efer  to  th e
Instru m ent M a nu a l for  com plete  instru ctions.

F ie ld  T urb id ity  M ea surem ent P ro ced ure .

D a ta  collection ca n b egin a fter  follow ing th e
procedu res describ ed a b ove for  instru m ent
prepa ra tion a nd s ite  selection.

1 . C ollect a  representa tive sa m ple in  a  clea n
conta iner .  F ill one of th e sa m ple b ottles
( inclu ded w ith  th e tu rb idim eter  kit)  to  th e line
(a pprox . 1 5 -m l) , ta king ca re to  h a ndle th e
sa m ple b ottle  b y th e top to  a void fingerprints
a nd dir t on th e b ottle .  C a p th e b ottle .

2 . W ipe th e b ottle  w ith  a  soft, lin t-free cloth  to
rem ove w a ter  spots  a nd fingerprints .

3 . P ress th e “ I /O ”  b u tton to  tu rn th e instru m ent
on.  P la ce th e instru m ent on a  fla t, s tea dy
su rfa ce.

4 . P u t th e sa m ple b ottle  in  th e instru m ent cell
com pa rtm ent so th e dia m ond m a rk on th e b ottle
a ligns w ith  th e or ienta tion m a rk on th e
instru m ent.

5 . S elect th e m a nu a l or  a u tom a tic  ra nge b y
pressing th e “ R A N G E ”  key.  “ A U T O  R N G ”
is  recom m ended a nd w ill b e displa yed.  P ress
“ R E A D .”  T h e displa y w ill sh ow  “ -------
N T U ”  th en th e tu rb idity  rea ding in  N T U .
R ecord th e tu rb idity  a fter  th e la m p sym b ol
tu rns off.

N otes: on ta king M ea su rem ents
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•  A lw a ys ca p th e sa m ple b ottle  to  prevent
spilla ge of sa m ple w a ter  into th e instru m ent.

•  A lw a ys pla ce th e instru m ent on a  level,
s ta tiona ry su rfa ce.

•  A lw a ys close th e cell com pa rtm ent lid  du ring
m ea su rem ent a nd s tora ge.

•  D o not lea ve th e sa m ple b ottle  in  th e cell
com pa rtm ent for  long periods of tim e.

•  A lw a ys u se clea n sa m ple b ottles .

•  A void opera ting instru m ent in  direct su nligh t.

•  M a ke su re th a t a  cold w a ter  sa m ple does not
fog th e sa m ple b ottle .

•  A void a llow ing th e w a ter  sa m ple’ s  contents  to
settle  prior  to  ta king a  tu rb idity  m ea su rem ent.

•  A lw a ys ta ke tu rb idity  m ea su rem ents  w ith in
2 4  h ou rs of collecting th e sa m ples.

A  perm a nent record of ea ch  sa m pling event sh ou ld
b e m a inta ined a nd sh ou ld inclu de:

•  S ignifica nt ob serva tions rela ted to  th e sa m ple

•  O th er a ncilla ry environm enta l m ea su rem ents
(see b elow )

•  W ea th er  a nd oth er  ph ysica l conditions

•  S a m ple da te

•  S a m ple ID

A ncilla ry  D a ta

O nce a  s ite  is  selected, oth er  im porta nt descriptive
inform a tion sh ou ld b e recorded su ch  a s genera l
flow  conditions a nd depth s, a nd references to
la ndm a rks su ch  a s tr ib u ta ry na m es, r iver  m ile ,
roa ds, a nd b ridges.  T h e la titu de a nd longitu de of
th e s ite  is  a n im porta nt piece of inform a tion th a t ca n
b e ob ta ined from  a  topogra ph ic  m a p or  from  a
glob a l position device (G P S ).

Inform a tion a b ou t th e la ndow ner a nd conta cts
( teleph one, a ddress , E -m a il)  sh ou ld b e recorded.
D o c u m e n t a  la n d o w n e r’ s  g ra n te d  p e rm issio n  fo r
a c c e ss to  p riv a te  la n d s.
A  ph otogra ph  of th e m onitor ing s ite  ca n b e u sefu l
for  loca ting eq u ipm ent.  G u ida nce for  ph oto
docu m enta tion of m onitor ing s ites  is  provided b y

th e G overnor’ s  W a tersh ed E nh a ncem ent B oa rd
(1 9 9 3 ).

T urb id ity  D a ta  A na ly s is

O nce th e da ta  h a s  b een s tored on a  com pu ter  a nd on
b a cku p disks, da ta  a na lyses  ca n b egin.  A na lysis  of
tu rb idity  da ta  depends on th e specific  ob jectives.

P roject M onitor ing
If th e collected da ta  w ill b e u sed to  determ ine
w h eth er m a na gem ent a ctivities  a re  increa sing
tu rb idities  a b ove a  given level, th en th e follow ing
inform a tion sh ou ld b e inclu ded:

•  Inform a tion on th e a ctivity  or  project.

•  T u rb idity  da ta  u pstrea m  a nd dow nstrea m  of th e
a ctivity , a nd, depending on th e ob jectives ,
possib ly w ith in th e rea ch  a ffected b y th e
a ctivity .

•  C ollecting da ta  a t th ese sa m e loca tions b efore
th e a ctivity  s ta r ts  is  a lso a dvisa b le .

W ith  th is  inform a tion, a n investiga tion of trends
b etw een tu rb idity  a nd th e m a na gem ent a ctivity  ca n
b egin.

R ela tio nship s  b etw een turb id ity  a nd  o ther
strea m  cha ra cter is tics .

S u spended S edim ent
If th e tu rb idity  da ta  w ill b e u sed to  determ ine
su spended sedim ent ch a ra cter is tics , th e rela tionsh ip
b etw een su spended sedim ent a nd tu rb idity  for  th e
pa rticu la r  s ites  m u st b e esta b lish ed.  C onta ct th e
m entor  for  specific  sa m pling procedu res th a t m u st
b e follow ed for  su spended sedim ent.

S trea m flow
S trea m flow  inform a tion ca n b e collected a t th e
sa m e sites  a s  th e tu rb idity  da ta .  M onitors  sh ou ld
investiga te  th e rela tionsh ips b etw een increa ses a nd
decrea ses in  s trea m flow  a nd tu rb idity .  T h e O regon
W a ter  R esou rces D epa rtm ent is  developing a
protocol for  m ea su ring s trea m  flow .  C onta ct a
tu rb idity  m entor for  m ore inform a tion on th is .
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C h ap ter 12

S trea m  M a cro in verteb ra te  P ro to co l

B ack ground: W hy M onitor  M acroinvertebrates?

E va lu a ting th e b iologica l com m u nity of a  s trea m
th rou gh  a ssessm ents  of a lga e, m a croinverteb ra tes ,
a nd fish  provides a  sensitive a nd cost effective
m ea ns of determ ining s trea m  condition.  S u ch
eva lu a tions a re  pa rticu la rly  effective w h en strea m
im pa cts  a re  from  nonpoint sou rces, spora dic  events ,
or  cu m u la tive low  level pollu tion.  E a ch  b iologica l
com m u nity h a s  its  ow n a dva nta ges a nd
disa dva nta ges for  a ssessing s trea m  conditions, a nd
th ey a ll h a ve pu b lish ed protocols  (P la fkin et a l.
1 9 8 9 ; E P A  1 9 9 0 ).  T h e protocols  describ ed h ere
a re for  m a croinverteb ra tes-- inverteb ra tes  la rge
enou gh  to  see w ith  th e na ked eye.

M a croinverteb ra tes  a re  fa ir ly  s ta tiona ry, ea sy to
collect, a nd a re  responsive to  h u m a n dis tu rb a nce.
In a ddition, th e rela tive sensitivity  or  tolera nce of
m a ny m a croinverteb ra tes  to  s trea m  conditions is
w ell know n.  In  genera l, th ey provide a  s im ple
"h a nds-on"  a pproa ch  to  u ndersta nding a nd
m ea su ring strea m  h ea lth  w ith ou t th e prob lem s often
encou ntered w h en m ea su ring fish  com m u nities
im pa cted b y sport fish ing, s tocking sport fish , a nd
th e introdu ction of ex otic  fish  species.

In  order  to  a deq u a tely eva lu a te  th e overa ll
ecologica l integrity  of a q u a tic  system s, a
m onitor ing progra m  th a t encom pa sses ch em ica l,
ph ysica l, a nd b iologica l integrity  sh ou ld b e
developed (E P A  1 9 9 0 ).  T h e m a croinverteb ra te
b ioa ssessm ent protocol describ ed h ere is  pa r t of a
com preh ensive a pproa ch  th a t involves a na lyz ing
th e strea m  h a b ita t conditions, its  ph ysica l a nd
ch em ica l pa ra m eters , a nd th e b iologica l
com m u nity.  T h e ph ysica l a nd ch em ica l w a ter
q u a lity  pa ra m eters  rou tinely m ea su red a re  lis ted in
A ppendix  A .  T h e b iologica l com m u nity eva lu a tion
m eth ods descr ib ed in  th is  m a nu a l a re  a da pted from
th e E P A  B ioa ssessm ent P rotocols  (E P A  1 9 9 6 ) a nd
oth er  referenced sou rces.

T ypes of M ethods

T h ree different levels  of m a croinverteb ra te
sa m pling procedu res  a re  descr ib ed in  th is  protocol.
T h ey h a ve u niq u e ob jectives  a nd req u ire  different
levels  of ex pertise .

L evel 1
L evel 1  m eth ods a re  th e s im plest to  u se a nd req u ire
th e lea st ex perience.  T h ey a lso provide th e lea st
a m ou nt of inform a tion a b ou t th e h ea lth  of th e
m a croinverteb ra te  com m u nity.  E du ca tion is  th e
m a in goa l for  L evel 1 .  I f th e m onitoring ob jective
is  to  inform  citiz ens or  s tu dents  a b ou t th e va riou s
a nim a ls  th a t live in  s trea m s, a nd only a  very b a sic
a ssessm ent of s trea m  conditions is  needed, L evel 1
m eth ods w ill b e a ppropria te .

L evel 2
T h e L evel 2  protocol is  designed to  provide a
screening level a ssessm ent of s trea m  conditions.
S ites  ca n b e cla ssed a s  h e a v ily  d is tu rb e d , s lig h tly
d istu rb e d , or  n o n -d istu rb e d .  F iner  levels  of
im pa irm ent w ill b e difficu lt to  detect.  I f th e
ob jective is  to  screen th e condition of a  va r iety of
sites  for  prioritiz ing m ore in-depth  s tu dies, or  if th e
b u dget or  ex pertise  to  com plete  L evel 3  s tu dies is
u na va ila b le , th en th e L evel 2  protocol w ill b e
a ppropria te .

L evel 3
T h e L evel 3  protocol provides a  sensitive m ea su re
of s trea m  condition u sing m a croinverteb ra te
com m u nities  a s  th e prim a ry indica tor .  F ou r cla sses
of s trea m  conditions ca n b e determ ined: n o
d istu rb a n c e , slig h t d is tu rb a n c e , sig n ific a n t
d istu rb a n c e , a nd se v e re  d istu rb a n c e .  A pplied
correctly , s tu dies  follow ing th is  protocol ca n b e
u sed for  a  va r iety of ob jectives  su ch  a s identifying
levels  of s trea m  distu rb a nce w ith in a  w a tersh ed or
region, effectiveness  m onitor ing of restora tion
projects , trend a ssessm ents , a nd eva lu a ting w h eth er
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th e s ta te’ s  s ta nda rds for  protecting a q u a tic  life
(fish , m a croinverteb ra tes , a lga e, a m ph ib ia ns, e tc)
a re  m et.

M entor  C ontacts

A s w ith  a ny m onitor ing project, q u estions w ill
com e u p th a t a re  not a nsw ered or  covered
su fficiently  in  th is  protocol.  T h erefore, a  grou p of
m entors  th a t a re  a gency ex perts  in  m onitor ing h a ve
b een identified.  T h ese m entors  m a y b e conta cted
w ith  specific  q u estions a b ou t pa rticu la r  m onitoring
goa ls  a nd effor ts .  Q u estions a b ou t
m a croinverteb ra tre  m onitor ing sh ou ld b e directed to
one of th e follow ing:

R ick H a fele  (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il: hafele.rick@deq.state.or.us

or

M ike M u lvey (5 0 3 )2 2 9 -5 9 8 3
E -m a il:  m u lvey.m ike@ deq .sta te .or .u s

Oregon DEQ Laboratory

1 7 1 2  S W  1 1 th

P ortla nd, O R  9 7 2 0 1

S ta tew ide D E Q  V olu nteer  M onitor ing C oordina tor
K a ren W illia m s: (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il: w illia m s.ka ren@ deq .sta te .or .u s

N orth  C oa st
L a rry C a ton (5 0 3 )2 2 9 -5 9 8 3
E -m a il: la rry.ca ton@ deq .sta te .or .u s

S ou th  C oa st &  W illa m ette
D ennis  A des (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il: a des.dennis@ deq .sta te .or .u s

E a stern R egiona l M onitor ing C oordina tor
L a rry M a rx er (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:  m a rx er .la rry@ deq .sta te .or .u s
Selec ting  S ites

F or a n overview  of th e process  u sed for  selecting
sites , plea se review  C h a pter  3 , (S e le c tin g  S ite s .)
T h e concepts  presented h ere a pply to  a ny of th e

b ioa ssessm ent L evels  (1 , 2 , or  3 ) .  L evel 1  s tu dies,
designed prim a rily  for  edu ca tion, don’ t req u ire th e
sa m e considera tion a s  s tu dies  designed to  a ssess
strea m  conditions w ith in or  b etw een different
s trea m s.  A  site  w ith  ea sy a ccess  a nd a  good
diversity  of inverteb ra tes  w ill b e a deq u a te  for  m ost
edu ca tiona l ( i.e . L evel 1 )  projects .

F or L evel 2  or  L evel 3  s tu dies, rem em b er th a t
s trea m  h a b ita ts  a re  com plex  a nd ch a nge over
dista nce a nd tim e.  D ifferent com m u nities  ca n
inh a b it different portions of th e sa m e strea m , du e to
na tu ra l a nd h u m a n-ca u sed fa ctors .  A lso, th e
com position a nd a b u nda nce of th e
m a croinverteb ra te  species  present ca n ch a nge
dra m a tica lly  b etw een sea sons du e to  life-cycle
pa tterns of th e different species .

C a refu l s ite  selection a nd m onitoring tim ing is
critica l to  insu re th a t th e da ta  collected a re  not
b ia sed, a nd th a t th e differences noted b etw een s ites
a re  not du e to  som e a rtifa ct of th e m onitoring
progra m  design.

Selec ting  Spec ific  Sam ple  L ocations

S trea m s w ith  flow ing w a ter  ca n genera lly  b e
divided into severa l h a b ita t types: pools , ru ns,
glides, r iffles , b ends, u ndercu ts , e tc .  W ith in th e
m a jor h a b ita t types oth er  h a b ita t ca tegories  ca n b e
crea ted.  E x a m ples w ou ld b e inorga nic  su b stra te
like rocks a nd gra vel, or  orga nic su b stra te  like
su b m erged logs a nd lea f pa cks.  S ince ea ch  h a b ita t
type ca n h a ve a  different m a croinverteb ra te
a ssem b la ge, deciding w h a t h a b ita t(s)  to  sa m ple is
necessa ry.

T w o a pproa ch es to  h a b ita t selection a re  com m only
follow ed: m u ltip le  a nd sin g le  h a b ita t a ssessm ents .
A ssessing m u ltip le  h a b ita ts  involves a  sa m ple
design th a t eva lu a tes tw o or  m ore h a b ita t types.
E a ch  h a b ita t type is  sa m pled, processed, a nd
eva lu a ted sepa ra tely.  P ools  a nd r iffles  a re  th e m ost
com m on h a b ita t types sa m pled in  a  m u ltiple  h a b ita t
design, b u t oth er  h a b ita ts  m igh t b e inclu ded.  T h e
h a b ita ts  m ost typica l of th e s tu dy strea m  sh ou ld b e
ch osen.
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R iffles  a re  u su a lly  th e only h a b ita t sa m pled in  a
sin g le  h a b ita t a ssessm ent.  R iffles  tend to  conta in
th e m ost diverse a nd sensitive inverteb ra te
a ssem b la ge com pa red to  oth er  h a b ita ts  (P la fkin et
a l. 1 9 8 9 ).  In  m ost ca ses, a  s ingle  h a b ita t
a ssessm ent of r iffles  w ill b e a deq u a te  w h en
sa m pling s trea m s.  H ow ever, sa m pling only r iffles
m a y not a lw a ys b e a deq u a te .  D efining th e
q u estions in  th e sa m pling pla n w ill h elp determ ine
w h eth er s ingle  or  m u ltiple  h a b ita ts  sh ou ld b e
collected.

N ote:  T h e a na lysis  procedu res  presented in  th is
ch a pter  a pply to  “ riffle”  h a b ita t only.  I f m onitors
pla n on sa m pling oth er  h a b ita t types, th ey sh ou ld
conta ct one of th e m onitor ing m entors  to  determ ine
th e b est sa m pling a nd a ssessm ent m eth ods.

W hen A re  S ites Sam pled?

S trea m  h a b ita ts  w ill h a ve different
m a croinverteb ra te  com m u nities , h a b ita t conditions,
a nd ch em ica l w a ter  q u a lity  a t different tim es of th e
yea r.  B ioa ssessm ent su rveys a re  typica lly  done
over  th e cou rse of severa l yea rs , so it is  im porta nt
to  repea t sa m pling a t th e sa m e tim e of yea r  to  m a ke
yea r- to-yea r com pa risons possib le .  S a m pling
severa l tim es per  yea r  m a y b e desira b le to  describ e

th e sea sona l va ria b ility  of th e s trea m  a nd to
determ ine th e b est tim e of th e yea r  to  eva lu a te  a
specific  type of im pa ct.  O nce th e sea sona lity  of a
strea m  h a s b een a deq u a tely ch a ra cteriz ed, it m a y
b e possib le  to  redu ce th e sa m pling to  a  s ingle
critica l sea son th a t b est indica tes  im pa cts .

E ffective periods for  m a croinverteb ra te  sa m pling in
O regon inclu de:

W inter : D ecem b er, J a nu a ry, F eb ru a ry
Spring : M a rch , A pril, M a y, J u ne
Sum m er : J u ly, A u gu st, S eptem b er
Fall: O ctob er , ea r ly N ovem b er.

D epending on a  s trea m ’s eleva tion or  region in  th e
sta te , th e m onth s of M a y/J u ne a nd
O ctob er/N ovem b er ca n b e tra nsition m onth s
b etw een sea sons, a nd inverteb ra te  com m u nities
m a y b e ch a nging fa ster  th a n a t oth er  tim es.  M ost
m a croinverteb a te  s tu dies  in  O regon a re  done du ring
su m m er low  flow  conditions in  J u ly, A u gu st a nd
S eptem b er.  W h a tever  sa m pling period is  selected ,
sa m p lin g  sh o u ld  b e  a v o id e d  d u rin g  o r im m e d ia te ly
a fte r  h ig h  w a te r , b eca u se h igh  flow s ca n
significa ntly  effect th e a b ility  to  collect
representa tive sa m ples .

E quipm ent

T h e follow ing eq u ipm ent, lis ted sepa ra tely for  L evel 1  a nd L evel 2 -3  a ssessm ents , w ill b e needed to  sa m ple
m a croinverteb ra te  popu la tions:
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T a b le 1 2 -1 .  L evel 1  a ssessm en ts.

E q u ip m en t: C osts:

•  C ollec tion  n e t - K ick  screen , o r D -fram e k ick  n e t a re  th e
m ost versa tile .  If th ese  are  n o t availab le  a  la rge  fish
aq u ariu m  n et w ith  fin e  m esh  n e ttin g  cou ld  a lso  b e  u sed .
S im p ly p ick in g  u p  ston es from  th e  stream  b o ttom  is  a lso
an  op tion .

•  S m all b u ckets
•  W aterp roof b oo ts o r w aders
•  W aterp roof, in su la ted , e lb ow -len g th  g loves (if w ork in g  in

p o llu ted  o r very co ld  w ater).
•  S h allow  w h ite  p lastic  tray (ex . 1 2 ”  x  1 6 ”  o r la rger, 1  to  3

in ch es deep ).
•  2  to  4  w h ite  ice  cu b e  trays
•  T w eezers
•  S am p le  v ia ls
•  H an d  len s
•  M acro in verteb ra te  fie ld  gu ides
•  P en cils  an d  p ap er
•  D en atu red  e th an o l (8 0 -9 0 % )

•  $ 1 0  - $ 5 0

•  $ 2 0

•  $ 3 5

•  $ 5

•  $ 5
•  $ 5  - $ 1 0
•  $ 1 0
•  $ 5  - $ 3 0
•  $ 1 0  –  5 0
•  $ 5
•  $ 2 0

T ota l C osts:  $ 1 0 0  - $ 2 0 0

T a b le 1 2 -2 .  L evel 2  a n d  3  a ssessm en ts.

E q u ip m en t: C osts:

•  S u b -sam p lin g  so rtin g  tray (C aton  T ray)
•  T rip od  fo r fie ld  so rtin g  (op tion al)
•  R an dom  n u m b er tab le , o r o th er ran dom  #  gen era to r
•  D -fram e K ick  n e t, 3 0  cm . w ide  D -sh ap ed  h oop  n e t w ith

5 0 0  m icrom eter m esh  op en in g
•  P lastic  sieve  b u cket w ith  a  5 0 0  m icrom eter m esh  b o ttom

(op tion al)
•  P lastic  ja rs  w ith  tigh t fittin g  lid s o r z ip -lock  b ags, 0 .5  to

1 .0  lite r
•  D en atu red  e th an o l (8 0 -9 0 % )
•  S h allow  w h ite  p lastic  tray (ex . 1 2 ”  x  1 6 ”  o r la rger, 1  to  3

in ch es deep ).
•  W aterp roof, in su la ted , e lb ow -len g th  g loves (if w ork in g  in

p o llu ted  o r very co ld  w ater).
•  L ab elin g  tap e  an d  a lcoh o l-resistan t m ark in g  p en s (e th an o l

d isso lves m ost in ks)
•  S m all vegetab le  scru b  b ru sh
•  T w eezers
•  S am p le  v ia ls
•  H an d  len s
•  M acro in verteb ra te  fie ld  gu ides
•  P ap er an d  p en cils

•  $ 1 5 0
•  ($ 5 0 ) - op tion al

•  $ 5 0

•  $ 5 0

•  $ 1 0  - op tion al

•  $ 2 0
•  $ 5

•  $ 3 5

•  $ 1 0

•  $ 5
•  $ 1 0
•  $ 2 0
•  $ 3 0
•  $ 5 0
•  $ 5

T ota l C osts:  $ 4 5 0
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Fie ld  Sam pling  M ethods

L evel 1  A ssessm ents
F ield procedu res for  L evel 1  a ssessm ents  ca n
follow  a  va riety of tech niq u es u sing s im ple,
inex pensive eq u ipm ent.  T h e m a in ob jective is  to
collect a  representa tive va riety of species  from  th e
selected a rea .

P rocedu re

•  If possib le , select a  sh a llow  a rea  h a ving a
gra vel/cob b le b ottom  w ith  a  fa ir ly  fa st cu rrent
(m a ke su re th e cu rrent is  not too fa st for  sa fe
w a ding) .  O th er  h a b ita ts  m a y a lso b e sa m pled;
for  ex a m ple, w ood a nd lea f deb ris , pools , a nd
strea m  m a rgins.

•  If u sing a  kick screen or  D -fra m e net, pla ce th e
b ottom  of th e net firm ly a ga inst th e s trea m
b ottom  a nd dis tu rb  th e a rea  u pstrea m  of th e net
b y picking u p pieces  of la rge gra vel a nd cob b le
a nd ru b b ing th eir  su rfa ces b y h a nd or  w ith  a
sm a ll vegeta b le  b ru sh  u pstrea m  of th e net.
A fter  m ost of th e cob b le-siz ed pieces h a ve
b een m oved, continu e dis tu rb ing th e s trea m
b ottom  im m edia tely u pstrea m  of th e net w ith
h a nds or  feet to  a  depth  of severa l inch es.
R epea t th is  process a t tw o or  th ree loca tions in
th e sa m e h a b ita t type a nd com b ine th e contents
from  ea ch  net into a  s ingle  sa m ple.

•  R em ove th e net from  th e s trea m  a nd w a sh  its
contents  into a  sm a ll b u cket.  C lea n a nd disca rd
la rge pieces of gra vel, lea ves, tw igs, e tc . from
th e sa m ple.

•  If no net is  u sed, pick u p pieces of la rge gra vel
or  cob b le a nd h old over  th e b u cket w h ile
ru b b ing th e su rfa ces clea n.  P ieces  of w ood a nd
lea f pa cks ca n a lso b e gently  w a sh ed in  th e
b u cket

•  P ou r th e m a teria l in  th e b u cket into th e w h ite
pla stic  tra y, a nd rem ove a ll th e inverteb ra tes
fou nd.

•  T u rn to  S a m p le  P ro c e ssin g  M e th o d s  section
(b elow ) for  fina l processing s teps.

L evel 2  a nd 3  A ssessm ents
B oth  L evel 2  &  3  a ssessm ents  follow  th e sa m e fie ld
sa m pling m eth ods.

M eth od O verview
T h e goa l of th e fie ld sa m pling tech niq u e is  to
collect a n u nb ia sed, representa tive sa m ple of
m a croinverteb ra tes .  F irs t, a  “ representa tive”
strea m  rea ch  a pprox im a tely 4 0  tim es longer  th a n
th e a vera ge (m ea n) w et su rfa ce ch a nnel w idth
sh ou ld b e selected.  F rom  w ith in th is  sa m ple rea ch
ch oose tw o r iffles  (e .g . if pools  w ill b e sa m pled,
select tw o pools) .  T w o 0 .1 8  sq u a re m eter  (2  sq u a re
feet)  kick sa m ples a re  ra ndom ly selected in  ea ch
riffle  or  pool.  T h e fou r kick sa m ples from  ea ch
h a b ita t type (r iffle  a nd pool)  a re  com b ined,
resu lting in  one com posite  r iffle  sa m ple a nd one
com posite  pool sa m ple to  process  in  eith er  th e fie ld
or th e la b .

P rocedu re

•  R a ndom ly select tw o kick-net s ites  w ith in th e
dow nstrea m  r iffle  or  pool.  R a ndom  nu m b ers  in
th e ta b le  u sed b y D E Q  h a ve fou r digits .  T h e
firs t tw o identify  th e percent u p from  th e
dow nstrea m  end of th e r iffle  or  pool, a nd th e
second tw o a re  th e percent of s trea m  w idth
a cross  th e ch a nnel.  F or  ex a m ple, a  ra ndom
nu m b er of 3 2 2 5  w ou ld pla ce th e sa m ple a t
3 2  percent u p from  th e dow nstrea m  end a nd
one q u a rter  a cross  th e s trea m  w idth .  T h ese
percenta ges a re  determ ined b y visu a l estim a tes .

•  A fter  loca ting th e ra ndom  sa m ple s ite , pla ce th e
net into th e s trea m  w ith  th e fla t pa rt of th e h oop
perpendicu la r  to  th e s trea m  flow  a nd resting on
th e b ottom .  C ollect th e m a croinverteb ra te
sa m ple b y distu rb ing a  3 0  b y 6 0  centim eter
a rea  (1  ft x  2  ft)  of s trea m  b ottom  directly
u pstrea m  of th e net so th a t th e cu rrent ca rr ies
th e m a croinverteb ra tes  a nd deb ris  into th e net.

•  C a refu lly  ru b  b y h a nd, or  w ith  a  sm a ll scru b
b ru sh , a ll su b stra te  la rger  th a n five centim eters
(golf b a ll s iz e a nd la rger)  in  front of th e net to
dis lodge a ny clinging m a croinverteb ra tes .
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A fter ru bbin g , p la ce th e  su bstra te  ou tsid e of th e
sa m p le p lo t.

•  T h orou g h ly d istu rb  th e  rem a in in g  su bstra te  to  a
d ep th  of five  to  ten  cen tim eters  w ith  th e  h a n d s
or feet.   T h is  u su a lly ta k es betw een  3 0  secon d s
a n d  a  m in u te .

•  A fter th e  sa m p le is  collected  a n d  th e n et
rem oved , th e  la rg e su bstra te  is  re tu rn ed  to  th e
sa m p le p lo t.

•  T h e con ten ts  of th e  n et a re  p la ced  in  a  s ieve
bu ck et a n d  th e  sa m p lin g  p roced u re  is  rep ea ted  a t
th ree  m ore p lo ts  for th a t h a bita t typ e.  T h e
p referred  ord er for sa m p lin g  is  from  d ow n strea m
to u p strea m  to  m in im iz e in flu en ces of
d istu rba n ce to  ea ch  sa m p le p lot.

•  A ll fou r sa m p les for th e  sa m e h a bita t typ e a re
com bin ed  in  th e  sieve bu ck et.  L a rg e org a n ic
m a teria l a n d  rock s a re  r in sed , ca refu lly in sp ected
for c lin g in g  m a croin vertebra tes, a n d  rem oved .
A s m u ch  fin e  sed im en t a s  p ossib le  is  w a sh ed
a w a y.  L ea f p a ck s from  p ool sa m p les m a y
req u ire  con sid era ble  rin sin g  a n d  rem ova l of
d ebris  before  p reservin g  th e  com p osite  sa m p le.

•  F or la b  sortin g  a n d  a n a lysis  th e  com p osite
sa m p le is  p la ced  in  a  la beled  ja r  or d ou ble

Z ip lock ®  ba g  a n d  p reserved  w ith  9 0 %  eth a n ol

for sortin g  a n d  su bsa m p lin g  in  th e  la b .  C h a n g e
th e a lcoh ol in  th e  sa m p le w ith  fresh  a lcoh ol
w ith in  on e w eek  to  en su re  a d eq u a te
p reserva tion .  P la ce a  la bel in sid e th e  ja r  (u sin g
p a p er a n d  p en cil) ,  a s  w ell a s  a n  ex terior la bel.

•  F or fie ld  sortin g , d o  n ot p reserve th e  sp ecim en s.
K eep  th em  a live  a n d  fo llow  th e su bsortin g
p roced u res d escribed  in  th e  n ex t section .  F ie ld
sortin g  is  fa ster s in ce live , m ovin g  sp ecim en s
a re  ea sier to  see .  F ie ld  sorted
m a croin vertebra tes a lso  ten d  to  be in  better
con d ition  th a n  la b  sorted  sp ecim en s, m a k in g
id en tifica tion  ea sier.

N O T E :  T h e d isa d va n ta g e to  fie ld  sortin g  is  th a t i t
a d d s on e to  th ree  h ou rs to  th e  fie ld  tim e p er s ite .
T h is  is  esp ecia lly tru e  for low  p rod u ctiv ity s trea m s
th a t m a y req u ire  sortin g  m ost,  if n ot a ll ,  of th e
sa m p le to  g et th e  m in im u m  n u m ber of sp ecim en s
req u ired  for a n a lysis .

Sam ple site:_________________________________
L ocation:_________________D ate:______________
H abitat sam pled: riffle_____ pool _____ other _____
C ollected  by:________________________________
Sam pler type: D -net __________ O ther: __________
# of k icks com posited :_________________________
# of squares sorted:____________________________

F igure 12-1 .  F ield  sam ple label in form ation .

Sam ple  Processing  M ethods

L evel 1  A ssessm en ts
L evel 1  a ssessm en ts fo llow  a  sim p lified  sa m p le
p rocessin g  p roced u re  com p a red  to  L evel 2  or

3  a ssessm en ts.  F or ex a m p le, L evel 1  a ssessm en ts d o
n ot u tiliz e  a  sp ecific  su bsortin g  m eth od  or req u ire  a
m in im u m  n u m ber of in vertebra tes for id en tifica tion .
T h e m a in  objective  is  to  g rou p  th e in vertebra tes by
ord er a n d  d eterm in e th e  n u m ber of sen sitive  or
to lera n t ta x a  p resen t (see  th e  A n a ly sis  &  E v a lu a tio n
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S ection  below  for a  d iscu ssion  of “ sen sitive”  a n d
“ tolera n t”  ta x a ).  A s a  resu lt,  L evel 1  s tu d ies h elp
volu n teers  recog n iz e  th e  im p orta n ce of th e
in vertebra te  com m u n ity a s in d ica tors  of a  s trea m ’ s
con d ition s a n d  p rovid e a  g en era l in d ica tion  of
d istu rba n ce.

K ey E lem ents

1 . R em ove a ll inverteb ra tes  from  sa m ples
collected w ith in th e sa m e h a b ita t a t th e sa m e
rea ch .

2 . S ort specim ens into individu a l conta iners  ( ice
cu b e tra ys a re  often u sed)  b y order: M a yflies ,
S toneflies , C a ddisflies , e tc .

3 . V isu a lly  estim a te th e nu m b er of different types
of ta x a  w ith in ea ch  order .  F or  ex a m ple, h ow
m a ny different looking m a yflies  a re  th ere?

4 . R ecord th e nu m b er of different ta x a  w ith in
ea ch  order  a nd cou nt h ow  m a ny a re  present.

B a sed on th e nu m b ers  recorded, a  genera l w a ter
q u a lity  ra ting ca n b e ca lcu la ted a s  describ ed in  th e
A n a ly sis  a n d  E v a lu a tio n  S ection.

L evel 2  a nd 3  A ssessm ents
T h e goa l of th e sa m ple processing procedu res  for
L evel 2  a nd 3  s tu dies is  to  crea te  a n u nb ia sed,
ra ndom  representa tive su b sa m ple of
m a croinverteb ra tes  from  th e com posited s trea m
b ottom  sa m ple of deb ris .
T h e s iz e of th e su b sa m ple is  a  m inim u m  of 3 0 0
individu a ls .  T h e sa m e siz e su b sa m ple sh ou ld b e
u sed for  a ll s ites  for  effective com pa risons.

E quipm ent

•  S u b sa m pling tra y (see C a ton, 1 9 9 1 ) a nd
a ssocia ted sorting eq u ipm ent

•  T ripod w ith  sorting tra y pla tform  for  fie ld
sorting (optiona l)

•  R a ndom  nu m b er ta b le , or  oth er  ra ndom  nu m b er
genera tor

•  D ena tu red eth a nol

•  V ia ls , a pprox im a tely 2 0  m ls .

•  L a b eling ta pe a nd a lcoh ol-resis ta nt m a rking
pens

•  F orceps

•  S q u irt B ottle  &  pla stic  spoon

•  T a lly cou nter  (optiona l)

Procedure

•  T o sort th e sa m ple, pla ce th e com posited
sa m ple into th e m esh  b ottom ed sorting tra y.
D E Q  u ses th e eq u ipm ent describ ed b y C a ton
(1 9 9 1 ).

•  P la ce th e m esh  b ottom ed tra y into th e pla stic
ou ter  tra y a nd a dd a pprox im a tely 3  cm  of w a ter
to  fa cilita te  th e even distr ib u tion of deb ris .  In
th e fie ld, pla ce th e tra y on a  level su rfa ce or
tr ipod pla tform .

•  E venly distr ib u te  th e m a teria l in  th e tra y a nd
lift th e m esh  b ottom  tra y ou t of th e w a ter .

•  T h e sorting tra y is  divided into th ir ty  sepa ra te
6  X  6  cm  sq u a res .  U se th e ra ndom  nu m b er
ta b le  to  select a  m inim u m  of fou r of th ese
sq u a res.  U se th e 6  X  6  sq u a re sorting device
( inclu ded in  su b sa m pling tra y kit recom m ended
b y C a ton)  to  isola te  th e fou r sq u a re a nd rem ove
th e selected m a ter ia l.

•  D istr ib u te  th e contents  of th e fou r sq u a res into
a  sepa ra te  w h ite  pla stic  tra y w ith  a  sm a ll
q u a ntity  of c lea n w a ter .  A ll th e
m a croinverteb ra tes  a re  rem oved w ith  forceps
a nd pla ced in  a  la b eled via l of a lcoh ol.  A n
inside pa per  a nd pencil la b el is  recom m ended
a s w ell a s  a n ex terior  la b el.

•  A  m inim u m  of 3 0 0  specim ens a nd fou r sq u a res
a re sorted.  I f necessa ry, a n a dditiona l one or
m ore sq u a res m u st b e sorted to  a tta in  th e
3 0 0  orga nism  m inim u m  sa m ple s iz e.  A ll
orga nism s a re  com pletely rem oved from  a ll
su b -sa m pled sq u a res  to  a void b ia sing th e
m a croinverteb ra te  sa m ple tow a rd th e la rger ,
m ore vis ib le  species .  U se a  ta lly  cou nter  for
b est resu lts .  K eep tra ck of th e nu m b er of
sq u a res su b sa m pled in  order  to  estim a te th e
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origina l m a croinverteb ra te  density  in  th e
strea m .

•  T h e C a ton sorting tra y h a s th ir ty  sq u a res, ea ch
six  centim eters  sq u a re.  W h en fou r D -fra m e
kick sa m ples a re  com posited, ea ch  sq u a re
represents  a pprox im a tely s ix ty sq u a re
centim eters  of s trea m  b ottom .

Identify ing  Invertebrates

M eth od overview
T h ree different levels  of “ ta x onom ic identifica tion”
ca n b e u sed a fter  specim ens a re  sorted: o rd e r ,
fa m ily  or  g e n u s/sp e c ie s  level.  T h e level of
ta x onom ic identifica tion is  im porta nt in  determ ining
th e cost a nd ex pertise  needed for  th e a na lysis , a s
w ell a s  th e resolu tion a nd sensitivity  of th e da ta  to
detect environm enta l im pa cts .

L e v e l 1  a ssessm ents  do not identify orga nism s
b eyond th e o rd e r  level (E ph em eropter , P lecoptera ,
D iptera , e tc .) .  W ith in ea ch  o rd e r  orga nism s a re
sim ply lu m ped into s im ila r  looking grou ps.  T h is
a pproa ch  is  u sefu l for  dem onstra ting th e va riety of
orga nism s living in  a  s trea m  rea ch , b u t h a s lim ited
va lu e in  a ssessing differences b etw een sites .  In
genera l a  rou gh  a pprox im a tion of th e inverteb ra te
com m u nity ca n b e determ ined a nd sa m ple s ites
ca tegoriz ed a s  h a ving eith er  a n a deq u a te  or  lim ited
inverteb ra te  com m u nity.  F u rth er  sa m pling a nd
m ore deta iled a na lysis  sh ou ld b e perform ed u sing
L evel 2  or  L evel 3  a ssessm ent m eth ods if concerns
a b ou t a  s trea m ’s condition ex ist.

L e v e l 2  a ssessm ents  rely  on fa m ily  level
identifica tion for  a ssessing th e inverteb ra te
com m u nity.  F a m ily  level identifica tion is  fa ster
a nd req u ires  less  ex pertise  th a n g e n u s/sp e c ie s
level, b u t is  less  sensitive.  T h ree levels  of
b iologica l conditions m a y b e determ ined from
fa m ily  level identifica tion: n o n -im p a ire d ,
m o d e ra te ly  im p a ire d , a nd se v e re ly  im p a ire d .

L e v e l 3  a ssessm ents  rely  on g e n u s/sp e c ie s
identifica tion for  m ost o rd e rs .  T h is  is  th e m ost
effective level for  eva lu a ting strea m  conditions a nd
eva lu a ting differences b etw een sites .  I t a lso
req u ires  th e m ost tim e a nd ex pertise .  B eca u se of
th e identifica tion skills  req u ired, contra cting
specim en identifica tion to  a  q u a lified ta x onom ist
for  L evel 3  a ssessm ents  is  often th e m ost effective

a pproa ch  (costs  a re  typica lly  $ 5 0  to  $ 7 5  per
sa m ple) .  F ou r im pa irm ent ca tegories  m a y b e
discerned a t th is  level: n o n - im p a ire d , slig h tly -
im p a ire d , m o d e ra te ly -  im p a ire d , a nd
se v e re ly -im p a ire d .  T a b le  1 2 -3  sh ow s th e
recom m ended level of ta x onom y for  ea ch  order .

L eve l 2  and  3  Identifica tion  M ethods

E q u ipm ent

•  D issecting m icroscope (1 0 X -6 0 X  z oom )

•  L igh t sou rce

•  F orceps

•  P etri dish

•  M a croinverteb ra te  ta x onom ic keys.  S ee
references for  recom m ended keys (keys in  bold
type a re  th e m ost im porta nt)

•  D a ta  recording form

P rocedu re

•  If th e sa m ple w a s not sorted in  th e fie ld , th en
la b  sort a ccording to  th e procedu re describ ed in
th e S a m p le  P ro c e ssin g  M e th o d s  section
(a b ove).

•  Identify  th e m a croinverteb ra tes  to  th e
ta x onom ic level desired.  T a b le  1 2 -3  lis ts  th e
level of ta x onom ic identifica tion for  different
m a croinverteb ra te  grou ps recom m ended for
L evel 3  a ssessm ents .

•  Identifica tion to  g e n u s/sp e c ie s  sh ou ld b e
perform ed b y ex perienced entom ologists  u sing
cu rrent ta x onom ic keys (see T a x o n o m ic
R e fe re n c e s)  u nder  th e su pervision of a  senior
a q u a tic  entom ologist.  F a m ily  level
identifica tion is  possib le  b y less  ex perienced
sta ff, b u t su ffic ient ta x onom ic tra ining is  s till
cr itica l.

•  T h e nu m b er of ea ch  ta x on is  noted on a  ta lly
sh eet a long w ith  oth er  s ite  identifier
inform a tion (see D a ta  R ecording F orm s).

•  Q u a lity con tro l p roced u res  d es crib ed  in  th e  Q u a lity
A s s u r a n c e  s ec tion  (s ee  b elow  a n d  C h a p ter 4  D a ta
Q u a lity ) s h ou ld  b e  com p leted  to  eva lu a te  th e
q u a lity o f th e  s a m p le  id en tifica tion .



Stream Macroinvertebrate Protocol 12 - 9 Water Quality Monitoring Guidebook
Version 2.0

•  T h e b iom etrics  a n d  b io log ica l con d ition
a s s es s m en ts  u s ed  to  a n a lyze  th e  m a cro in verteb ra te

d a ta  a re  ou tlin ed  in  th e  A n a ly s is  a n d  E v a lu a tio n
s ection .

T able 12-3 .  L evel of m acroinvertebrate identification  for L evel III analysis.

L evel o f Id entifica tio n

T ax o n O rd er F am ily S u b-fam ily G enu s S p ec ies

A m p hip o d a

(scu d s)

X X

A rachnid a

(sp id er and  w ater m ites)

X

C o leo p tera  (m o st bee tles) X

E lm id ae

(riffle  bee tles)

X X

D ip tera  (m o st tru e  flies) X

C hiro no m id ae

(m id g es)

X

E p hem ero p tera

(m ay flies)

X X

G astro p o d a

(sna ils)

S o m e X

H em ip tera

(tru e  bu g s e .g . w ate r bo a tm en)

X

L ep id o p tera

(bu tte rflies &  m o ths)

X

M eg alo p te ra

(he llg arm m ites &  a ld er flies)

X

O d o nata

(d rag o nflies &  d am selflies)

S o m e X

O lig o chae ta

(w o rm s)

X

O straco d a

(seed  shrim p )

X

P elecy p o d a

(c lam s)

X

P leco p tera

(sto neflies)

S o m e X X

T richo p tera

(cad d is flies)

X

T u rbe lla ria

(fla tw o rm s)

X

H iru d inea

(leeches)

X
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A n a lys is  &  E va lu a tion

O verview
D a ta  a na lysis  a nd eva lu a tion of s trea m  conditions
a re often b a sed on a ssessing th e ch a ra cter is tics  of
th e m a croinverteb ra te  com m u nity.  T h is  is  often
a ccom plish ed th rou gh  th e u se of “ m etrics .”  M etrics
a re m ea su res  of com m u nity ch a ra cter is tics  b a sed on
single  or  m u ltiple  ta x a .  T h e m etrics  u sed in  th is
m a nu a l h a ve b een selected b eca u se th ey a re  know n
to ch a nge a s a  resu lt of a nth ropogenic (h u m a n
ca u sed)  dis tu rb a nce.  E x a m ples inclu de tota l ta x a
rich ness, m a yfly r ich ness, %  dom ina nt ta x a , e tc .
E a ch  m etric  is  scored (u su a lly  1 , 3 , or  5 )  b a sed on
scoring criter ia .  A ll th e individu a l m etric  scores
a re th en su m m ed togeth er  for  a n overa ll “ B iotic
Index ”  score for  th e s ite .  T h e fina l b iotic  index
fa lls  w ith in a  know n ra nge indica ting different
levels  of im pa irm ent.

C riter ia  for  th e individu a l m etric  scores  a nd th e
im pa irm ent ca tegories  for  th e b iotic  index  scores
a re b a sed on da ta  collected from  reference s ites  in
regions s im ila r  to  th e s tu dy sites  b eing eva lu a ted.
T h e m etric  va lu es presented h ere a re  b a sed on
reference s ite  da ta  collected b y th e D epa rtm ent of
E nvironm ent Q u a lity  (D E Q ) in  th e O regon C oa st
R a nge.  T h ese criter ia  w ill w ork for  a ssessing r iffle
sa m ples from  oth er  O regon coa sta l s trea m s, b u t
sh ou ld not b e u sed to  a ssess  oth er  h a b ita t types or
strea m s from  oth er  a rea s of th e s ta te .  T h e m entors
lis ted a t th e b eginning of th is  section sh ou ld b e
conta cted for  a ssessing s trea m s ou tside th e coa st
ra nge for  th e m ost a ppropria te  m etric  cr iter ia .

L evel 1  A ssessm ents
T o develop a  genera l eva lu a tion of a  s ite  w ith  L evel
1  da ta  th e inverteb ra tes  a re  firs t sepa ra ted b y o rd e r ,
th en th e nu m b er of different “ looking”  orga nism s in
ea ch  order  a re  recorded a nd cou nted.  T h e different
orders  of inverteb ra tes  ca n b e genera lly  cla ssed a s
“ sensitive,”  or  “ tolera nt.”

S e n sitiv e  orga nism s a re  th ose m ost sensitive to
pollu tion a nd a re  firs t to  disa ppea r from  th e
inverteb ra te  com m u nity a s  a  resu lt of dis tu rb a nce
or pollu tion.  T h ose considered sensitive inclu de th e
follow ing:

•  M a yflies  (E ph em eroptera )

•  S toneflies  (P lecoptera )

•  C a ddisflies  (T rich optera )

T o le ra n t orga nism s a re  th ose th a t tolera te  h igh
levels  of dis tu rb a nce a nd pollu tion, a nd rem a in
present a fter  oth er  grou ps h a ve disa ppea red.  T h is
inclu des th e follow ing orders:

•  A q u a tic  w orm s (O ligoch ea ta )

•  L eech es (H iru dinea )
•  B la ckflies  (D iptera )

•  M idges (D iptera )

•  S na ils  (G a stropoda )

S ince L evel 1  a ssessm ents  a re  prim a rily  a n
edu ca tiona l level, different levels  of s trea m
im pa irm ent ca nnot b e ca lcu la ted.  T h e genera liz ed
da ta  only provide enou gh  inform a tion to  determ ine
w h eth er  th e m a crovinverteb ra te  com m u nity a ppea rs
to b e a deq u a te  or  lim ited.  S ites  w h ere ea ch  of th e
th ree sensitive o rd e rs  (m a yflies , s toneflies , a nd
ca ddisflies)  a re  present a nd tolera nt orga nism s su ch
a s w orm s, leech es a nd b la ckflies  m a ke u p less  th a n
5 0 %  of th e tota l orga nism s cou nted from  th e
sa m ple a re  considered a deq u a te .  I f a ny one of th e
th ree sensitive o rd e rs  a re  a b sent a nd/or  tolera nt
orga nism s eq u a l m ore th a n 5 0 %  of th e tota l in  th e
sa m ple, th e s ite  h a s a  lim ited inverteb ra te
com m u nity.  L evel 2  or  3  a ssessm ents  a re  th en
necessa ry to  eva lu a te  th e s ites  fu rth er .

L evel 2  A ssessm ents
L evel 2  s ite  a ssessm ents  a re  b a sed on fa m ily  level
identifica tions.  T h e nu m b er of orga nism s in  ea ch
fa m ily  a re  cou nted a nd recorded.  T h ese va lu es a re
th en u sed to  determ ine m etric  va lu es or  scores.
M etric  scores a re  su m m ed to determ ine th e overa ll
ra ting for  th e s ite .  T h e follow ing ta b le  ou tlines th e
fa m ily level m etr ics  a nd scoring criter ia .

T a x a  R ich ness
T h is  is  th e tota l nu m b er of inverteb ra te  fa m ilies
identified from  th e sa m ple.
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M a yfly R ich ness
T h is  is  th e tota l nu m b er of m a yfly fa m ilies
identified from  th e sa m ple.

S tonefly R ich ness
T h is  is  th e tota l nu m b er of s tonefly fa m ilies
identified from  th e sa m ple.

C a ddisfly  R ich ness
T h is  is  th e tota l nu m b er of ca ddisfly  fa m ilies
identified from  th e sa m ple.

%  C h ironom ida e
T h is  is  th e tota l nu m b er of ch ironom ids (m idges)  in
th e sa m ple divided b y th e tota l nu m b er of

orga nism s sorted from  th e sa m ple, m u ltiplied b y
1 0 0 .

%  D om ina nce ( top 3  ta x a )
T h is  is  th e tota l nu m b er of th e th ree m ost a b u nda nt
orga nism s divided b y th e tota l nu m b er sorted from
th e sa m ple, m u ltiplied b y 1 0 0 .

A dd u p th e scores for  ea ch  m etric  to  determ ine th e
tota l s ite  score or  b iotic  index .  T h e tota l scores a re
u sed to  determ ine th ree levels  of im pa irm ent a s
indica ted b elow .

T a b le 1 2 -4 .  F a m ily level m etrics a n d  scorin g  criteria .

S corin g  C rite ria

M etric
R aw

V alu e 5 3 1
S core

(C irc le)

T axa  R ich n ess > 1 8 1 0 -1 8 < 1 0 5  3  1

M ayfly R ich n ess > 4 2 -4 < 2 5  3  1

S ton efly R ich n ess > 3 1 -3 0 5  3  1

C add isfly R ich n ess > 4 2 -4 < 2 5  3  1

%  C h iron om idae < 1 5 1 5 -3 0 > 3 0 5  3  1

%  D om in an ce < 3 0 3 0 -5 0 > 5 0 5  3  1

(T op  3  T axa)

S core  R an ge S tream  C on d ition

> 2 3 N o im p airm en t: p asses L evel 2  assessm en t.  In d ica tes good  d iversity o f in verteb ra tes an d
stream  con d ition s w ith  little  d istu rb an ce .  Fu rth er sam p lin g  w ill h e lp  con firm  th e  site ’ s
con d ition  as u n im p aired .

1 7 -2 3 M odera te  Im p airm en t: ev iden ce  o f som e im p airm en t ex ists .  R eq u ires fu rth er stu dy an d
m ore  de ta iled  an alysis .

< 1 7 S evere  Im p airm en t: fa ils  L evel 2  assessm en t.  E v iden ce  o f stream  d istu rb an ce  ex ists .
Fu rth er stu dy m ay b e  w arran ted  to  con firm  level o f im p airm en t an d  p o ten tia l cau ses.
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L evel 3  A ssessm ents

L evel 3  a ssessm ents  a re  b a sed on g e n u s/sp e c ie s
level identifica tions, w h ich  provides a  m ore
sensitive m ea su re of th e inverteb ra te  com m u nity’ s
condition.  T w o a na lytica l a pproa ch es ca n b e u sed
for  L evel 3  a ssessm ents: m u ltim e tric  a na lysis , or
m u ltiv a ria te  a na lysis .  T o m a ke a ccu ra te
a ssessm ents  b etw een sites , u sing eith er  m u ltim etric
or  m u ltiva ria te  a na lysis  tech niq u es, th e  sa m e  le v e l
o f id e n tific a tio n  m u st b e  u se d  fo r e a c h  ta x o n o m ic
g ro u p  fo r a ll s ite s  b e in g  c o m p a re d .  B eca u se levels
of identifica tion ca n va ry b etw een ta x onom ists  or
b etw een sites  du e to  m a tu rity  of specim ens or
preserva tion q u a lity , ea ch  da ta  set sh ou ld b e
ch ecked b y a  ta x onom ist for  identifica tion
consistency.

M ultim etr ic  A nalysis

T h is a pproa ch  is  th e sa m e a s th a t u sed for  L evel 2 ,
ex cept m ore m etrics  a re  incorpora ted into th e
a na lysis .  T h e m etrics  a nd a ssocia ted scoring
criter ia  for  L evel 3  m etric  a ssessm ents  a re  lis ted
b elow .

T a x a  R ich ness
T h is  is  th e tota l nu m b er of inverteb ra te  ta x a
identified from  th e sa m ple.

M a yfly R ich ness
T h is  is  th e tota l nu m b er of m a yfly ta x a  identified
from  th e sa m ple.

S tonefly R ich ness
T h is  is  th e tota l nu m b er of s tonefly ta x a  identified
from  th e sa m ple.

C a ddisfly  R ich ness
T h is  is  th e tota l nu m b er of ca ddisfly  ta x a  identified
from  th e sa m ple.
S ensitive T a x a
T h is  is  th e nu m b er of ta x a  identified th a t a re  know n
to b e very sensitive to  s trea m  distu rb a nce.  T h e lis t
of ta x a  th a t q u a lify  a s  “ sensitive”  a re  lis ted in
A ppendix  F .

S edim ent S ensitive T a x a
S om e ta x a  a re  know n to b e very sensitive to  inpu ts
of fine sedim ent.  T h e presence of one or  m ore of
th ese ta x a  indica te  th a t fine sedim ents  a re  prob a b ly
not a  m a jor  concern.

M odified H B I
“ H B I”  sta nds for  H ilse n h o f B io tic  In d e x .  T h is  is
a n index  of a  ta x a ’ s  sensitivity  to  orga nic
enrich m ent th a t typica lly  occu rs  a s  a  resu lt of
ex cessive nu tr ient inpu ts .  Index  va lu es for
individu a l ta x a  ra nge from  1  to  1 0 .  L ow  scores
indica te  h igh  sensitivity  (fou nd only in  w a ters  w ith
low  orga nic enrich m ent) .  H igh  scores  indica te  low
sensitivity  ( tolera nt of w a ters  w ith  h igh  orga nic
enrich m ent) .  H B I index  va lu es for  ea ch  ta x a  a re
lis ted in  th e ta x a  lis t for  O regon strea m s in
A ppendix  F .

%  T olera nt T a x a
T h is  is  th e percent of th e inverteb ra te  com m u nity
m a de u p of ta x a  tolera nt to  distu rb a nce.  T a x a
cou nted a s  “ tolera nt”  ta x a  a re  lis ted in  A ppendix  F .
D ivide th e a b u nda nce of tolera nt ta x a  b y th e tota l
nu m b er of orga nism s sorted from  th e sa m ple, a nd
m u ltiply b y 1 0 0 .

%  S edim ent T olera nt T a x a
T h is  is  th e percent of th e inverteb ra te  com m u nity
m a de u p of ta x a  tolera nt to  fine sedim ents  (see
A ppendix  F ).  D ivide th e a b u nda nce of sedim ent
tolera nt ta x a  b y th e tota l nu m b er of orga nism s
sorted from  th e sa m ple, a nd m u ltiply b y 1 0 0 .
%  D om ina nt (s ingle  ta x a )
T h is  is  th e tota l a b u nda nce of th e s ingle  m ost
a b u nda nt ta x on in  th e sa m ple divided b y th e tota l
nu m b er of orga nism s sorted from  th e sa m ple,
m u ltiplied b y 1 0 0 .  A  h igh  percent of a  s ingle  ta x on
indica tes  som e dis tu rb a nce h a s likely occu rred to
th e inverteb ra te  com m u nity.
A fter  ca lcu la ting ea ch  individu a l m etric  score a dd
th em  togeth er  for  th e tota l score or  b iotic  index .
S trea m  condition levels  a re  b a sed on th e ra nges of
tota l scores lis ted b elow .
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T a b le 1 2 -5 .  G en u s/sp ecies level m etrics a n d  scorin g  criteria .

S corin g  C rite ria

M etric
R aw

V alu e 5 3 1
S core

(C irc le)

T axa  R ich n ess > 3 5 1 9 -3 5 < 1 9 5   3   1

M ayfly R ich n ess > 8 4 -8 < 4 5   3   1

S ton efly R ich n ess > 5 3 -5 3 5   3   1

C add isfly R ich n ess > 8 4 -8 < 2 5   3   1

S en sitive  T axa > 4 2 -4 < 2 5   3   1

S ed im en t sen s. T axa > 2 1 0 5   3   1

M odified  H B I < 4 .0 4 -5 > 5 .0 5   3   1

%  T o leran t T axa < 1 5 1 5 -4 5 > 4 5 5   3   1

%  S ed  T o l T axa < 1 0 1 0 -2 5 > 2 5 5   3   1

%  D om in an t < 2 0 2 0 -4 0 > 4 0 5   3   1

(sin g le  taxa)

S core  R an ge S tream  C on d ition

> 3 9 N o Im p airm en t: p asses level 3  assessm en t.  In d ica tes good  d iversity o f in verteb ra tes an d
stream  con d ition s w ith  little  o r n o  d istu rb an ce .

3 0 -3 9 S ligh t Im p airm en t: ev iden ce  o f som e im p airm en t ex ists .

2 0 -2 9 M odera te  Im p airm en t.  c lear ev iden ce  o f d istu rb an ce  ex ists .

< 2 0 S evere  Im p airm en t.  con d ition s in d ica te  a  h igh  level o f d istu rb an ce .

M ultivar ia te  A nalysis

L evel 3  a ssessm en ts ca n  a lso  be a n a lyz ed  u sin g
m u ltiva ria te  a n a lysis  tech n iq u es.  In  th is  a p p roa ch ,
referen ce sites  (h ig h  q u a lity, lea st d istu rbed  sites)  a re
com p a red  a s a  ben ch m a rk  a g a in st th e  sites  of in terest
(test s ites) .   T h e m eth od  h a s tw o ba sic  e lem en ts: th e
d evelop m en t of a  re la tively sop h istica ted  p red ictive
m od el ba sed  u p on  referen ce con d ition s, a n d  d irect
com p a rison s of th e  strea m  ta x a  collected  a t a  test s ite
a g a in st m od el p red iction s.

M u ltiva ria te  a n a lysis  req u ires th e  a p p rop ria te
com p u ter softw a re  a n d  k n ow led g e of m u ltiva ria te
sta tis tica l tech n iq u es.  W h ile  th is  lim its  its  cu rren t
u se by volu n teer g rou p s, m u ltiva ria te  a n a lysis  is  a
p ow erfu l tech n iq u e th a t th e  M on itorin g  T ea m  p la n s
to  m a k e m ore a ccessible  to  g rou p s in  th e  fu tu re .
C on ta ct th e  m en tors lis ted  in  th is  ch a p ter for m ore
in form a tion  a bou t m u ltiva ria te  a n a lysis .

Q uality  A ssurance

O verview
Q u a lity a ssu ra n ce p roced u res (Q A ) a ssess th e
en viron m en ta l va ria bility, sa m p lin g  p roced u res
va lid ity, rep ea ta bility of th e  sa m p le m eth od s, a n d
id en tifica tion  q u a lity.  T h e q u a lity a ssu ra n ce
p roced u res in volve  a  system  of fo llow in g  sta n d a rd
m eth od s a n d  p rotocols , d u p lica te  sa m p lin g , a n d
id en tifica tion  review s.  P lea se  refer to  C h a p ter 4  for a
g en era l d iscu ssion  of d a ta  q u a lity.

F ield  Q A  S a m p le
T en  p ercen t of a ll  s trea m  sites  sa m p led , or on e
sa m p le p er su rvey, w h ich ever is  g rea ter, sh ou ld  h a ve
a  d u p lica te  set of fie ld  sa m p les collected .  T h e
d u p lica te  sa m p le is  from  th e sa m e sa m p le rea ch .
T h is  is  ca lled  a  fie ld  q u a lity a ssu ra n ce sa m p le
(F Q A ).  F ie ld  Q A  sa m p les look  a t th e  n a tu ra l
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va ria bility w ith in  a  r iffle  a n d  in su re  th a t th e  fie ld
sa m p lin g  m eth od  is  rep ea ta ble .  T h is  sa m p le is
sorted  a n d  id en tified  th e  sa m e a s a n y oth er sa m p le.

L a bora tory Q A  S a m p les
T en  p ercen t of a ll  com p osite  sa m p les collected  or
on e sa m p le p er su rvey, w h ich ever is  g rea ter, is
re-sorted  for a n  a d d ition a l 3 0 0  sp ecim en  su bsa m p le
from  th e orig in a l p reserved  com p osite  sa m p le.  T h e
resu lt is  a  d u p lica te  sa m p le from  th e sa m e com p osite .
T h is  is  a  la bora tory q u a lity a ssu ra n ce sa m p le (L Q A ).
L a b Q A  sa m p les look  a t th e  va ria bility in h eren t in
th e su bsa m p lin g  p roced u re a n d  in su re  th a t th e
su bsa m p lin g  m eth od  is  rep ea ta ble  a n d  w ith in  a n
a ccep ta ble  ra n g e of va ria bility.

T ype  C ollec tion

It  is  u sefu l to  m a in ta in  a  m a croin vertebra te  typ e
collection  for ea ch  m a jor ba sin , w a tersh ed , or
ecoreg ion  stu d ied .  T h is  collection  h a s a
rep resen ta tive  of ea ch  ta x on  id en tified  a n d  serves a s
a  ba sin  record , a n d  a s a  referen ce for ch eck in g
id en tifica tion s.

Identifica tion  R eview

F or L evel 3  a ssessm en ts, d a ta  sh ou ld  be  review ed  by
a n  ex p erien ced  ta x on om ist for a n om a lou s
id en tifica tion s.  R a n d om ly selected  sa m p les sh ou ld
a lso  be id en tified  by a n  ex p erien ced  en tom olog ist
in d ep en d en tly of th e  firs t  id en tifica tion .  F in a lly,
sp ecim en s en tered  in to  th e  typ e collection  sh ou ld  be
ch eck ed  by a n  ex p erien ced  en tom olog ist for a ccu ra te
id en tifica tion .

G eneral R eferences

B u rton , T im oth y A ., a n d  G oeffery W . H a rvey. 1 9 9 0 .
E stim a tin g  In terg ra vel S a lm on id  L ivin g  S p a ce u sin g
C obble  E m bed d ed n ess S a m p lin g  P roced u re , W a ter
Q u a lity M on itorin g  P rotocols-R ep ort 2  (D R A F T ),
Id a h o D ep a rtm en t of H ea lth  a n d  W elfa re , D ivision  of
E n viron m en ta l Q u a lity, W a ter Q u a lity B u rea u ,
B oise , Id a h o.

E P A . 1 9 9 0 .  B iolog ica l C riteria : N a tion a l P rog ra m
G u id a n ce for S u rfa ce W a ters, U .A .  E n viron m en ta l
P rotection  A g en cy, E P A -4 4 0 /5 -9 0 -0 0 4 .

P la fk in , J .L .,  M ich a el T . B a rbou r, K im berly D .
P orter, S h a ron  K  G ross, a n d  R obert M . H u g h es.
1 9 8 9 .  R a p id  B ioa ssessm en t P rotocols  for U se in
S trea m s a n d  R ivers: B en th ic  M a croin vertebra tes a n d
F ish , U .S .  E n viron m en ta l P rotection  A g en cy,
E P A /4 4 4 /4 -8 9 -0 0 1 .

P la tts ,  W illia m , S .,  C a rl A m ou r, G ord on  D . B ooth ,
M a son  B rya n t, Ju d ith  L . B u fford , P a u l C u p lin ,
S h erm a n  Jen sen , G eorg e W . L ien k a em p er, G . W a yn e
M in sh a ll,  S tep h en  B . M on sen , R og er L . N elson ,
Ja m es R . S ed ell,  a n d , Joel S . T u h y. 1 9 8 7 . M eth od s
for E va lu a tin g  R ip a ria n  H a bita ts  w ith  A p p lica tion s
to  M a n a g em en t, G en era l T ech n ica l R ep ort IN T -2 2 1 ,
U .S . D ep a rtm en t of A g ricu ltu re , U .S . F orest S ervice
In term ou n ta in  R esea rch  S ta tion , O g d en , U ta h .

R a lp h , S .C .. 1 9 9 0 .  T im ber/F ish /W ild life  S trea m
A m bien t F ield  M a n u a l, V ersion  2 .1 , T F W -1 6 E -9 0 -
0 0 4 , C en ter for S trea m sid e S tu d ies, A R -1 0 ,
U n iversity of W a sh in g ton , S ea ttle .

R obin son , C .T ., a n d , G .W . M in sh a ll.  1 9 9 1 .
B iolog ica l M etric  D evelop m en t for th e  A ssessm en t
of N on p oin t P ollu tion  in  th e  S n a k e R iver E cosystem
of S ou th ern  Id a h o, 1 9 9 0 -1 9 9 1  F in a l R ep ort,
D ep a rtm en t of B iolog ica l S cien ces, Id a h o S ta te
U n iversity, P oca tello , ID .

W issem a n , R .W . 1 9 9 0 .  B iom on itorin g  of S trea m
M a croin vertebra te  C om m u n ities  in  F orested
W a tersh ed s of th e  U m p q u a  N a tion a l F orest,  O reg on ,
1 9 8 9  S a m p lin g  P rog ress R ep ort,  W estern  A q u a tic
In stitu te , C orva llis ,  O R .

T axonom ic  R eferences (referen ces in  bold  a re  th e
m ost u sefu l for ta x on om ic id en tifica tion )

A llen , K ., a n d  G . F . E d m u n d s, Jr .  1 9 5 9 .  A  R evision
of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), I .   T h e S u bg en u s
T im p a n o g a ,  T h e C a n a d ia n  E n tom olog ist,  9 1 :5 1 -5 8 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 0 .  A  R evision  of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), II .   T h e S u b
G en u s C a u d a te lla ,  A n n a ls  of th e  E n tom olog ica l
S ociety of A m erica , 5 4 :6 0 3 -6 1 2 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 1 .  A  R evision  of th e  G en u s E p h e m e re lla
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(E p h em erop tera :E p h em erellid a e), III .   T h e S u b
G en u s A tte n u a te lla ,  Jou rn a l of th e  K a n sa s
E n tom olog ica l S ociety, 3 4 :1 6 1 -1 7 3 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 2 .  A  R evision  of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), IV .  T h e S u b
G en u s D a n n e lla ,  Jou rn a l of th e  K a n sa s
E n tom olog ica l S ociety, 3 5 :3 3 2 -3 3 8 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 2 . A  R evision  of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), V . T h e S u b G en u s
D ru n e lla  in  N orth  A m erica , M iscella n eou s
P u blica tion s of th e  E n tom olog ica l S ociety of
A m erica , 3 :1 4 6 -1 7 9 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 2 . A  R evision  of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), V I. T h e S u b
G en u s S e re te lla  in  N orth  A m erica , A n n a ls  of th e
E n tom olog ica l S ociety of A m erica , 5 6 :5 8 3 -6 0 0 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 3 . A  R evision  of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), V II. T h e
S u bg en u s E u ry lo p h e lla ,  T h e C a n a d ia n
E n tom olog ist,  9 5 :5 9 7 -6 2 3 .

A llen , R ich a rd  K ., a n d  G eorg e F . E d m u n d s, Jr .
1 9 6 5 . A  R evision  of th e  G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), V III.  T h e S u b
G en u s E p h e m e re lla  in  N orth  A m erica ,
M iscella n eou s P u blica tion s of th e  E n tom olog ica l
S ociety of A m erica , 4 :2 3 4 -2 8 2 .

A llen , R ich a rd  K . 1 9 6 8 .  A  N ew  S p ecies a n d
R ecord s of E p h e m e re lla  (E p h e m e re lla )  in  W estern
N orth  A m erica  (E p h em erop tera :E p h em erellid a e),
Jou rn a l of th e  K a n sa s E n tom olog ica l S ociety,
4 1 :5 5 7 -5 6 7 .

A n d erson , N .H . 1 9 7 6 .  T h e D istribu tion  a n d  B iolog y
of th e  O reg on  T rich op tera , T ech n ica l B u lle tin  1 3 4 ,
A g ricu ltu ra l E x p erim en t S ta tion , O reg on  S ta te
U n iversity, C orva llis ,  O reg on .

B a u m a n n , R ich a rd  W ., A rd en  R . G a u fin , a n d
R ebecca  F . S u rd ick . 1 9 7 7 .  T h e S ton eflies
(P lecop tera ) of th e  R ock y M ou n ta in s, M em oirs  of th e
A m erica n  E n tom olog ica l S ociety, N u m ber 3 1 ,

A ca d em y of N a tu ra l S cien ces, P h ila d elp h ia ,
P en n sylva n ia .

B row n , H a rvey P . 1 9 7 6 .  A q u a tic  D ryop id  B eetles
(C oleop tera ) of th e  U n ited  S ta tes, W a ter P ollu tion
C on trol R esea rch  S eries 1 8 0 5 0  E L D O 4 /7 2 , U .S .
E n viron m en ta l P rotection  A g en cy, C in cin n a ti,  O h io .

E d m u n d s, G eorg e F .,  Jr .  1 9 5 9 .  S u bg en eric  G rou p s
w ith in  th e  M a yfly G en u s E p h e m e re lla
(E p h em erop tera :E p h em erellid a e), A n n a ls  of th e
E n tom olog ica l S ociety of A m erica , 5 2 :5 4 3 -5 4 7 .

E d m u n d s, G eorg e F . Jr . ,  S teven  L . Jen sen , a n d  L ew is
B ern er. 1 9 7 6 .  M a yflies  of N orth  a n d  C en tra l
A m erica , U n iversity of M in n esota  P ress,
M in n ea p olis .

Joh n son , S tep h en  C . 1 9 7 8 .  L a rva e of E p h e m e re lla
in e rm is a n d  E . in fre q u e n s
(E p h em erop tera :E h p em erellid a e), T h e P a n -P a cific
E n tom olog ist,  5 4 :1 9 -2 5 .

H afe le , R . and  S . H inton . 1996 . G uide  to Pac ific
N orthw est A quatic  Invertebrates. O regon  T rout,
Portland , O R .

H a fele , R . a n d  S . R oed erer. 1 9 9 5 .  A n  A n g le r’ s
G u id e  to  A q u a tic  In se c ts  a n d  T h e ir  Im ita tio n s .
Joh n son  B ook s, B ou ld er, C O .
L eh m k u h l, D en n is . 1 9 6 9 .  A n  A n n ota ted  K ey to
S om e of th e  O reg on  M a yfly L a rva e, u n p u blish ed .

L eh m k u h l, D .M ., a n d  N .H . A n d erson . 1 9 7 1 .
C on tribu tion s to  th e  B iolog y a n d  T a x on om y of th e
P a ra le p to p h le b ia  of O reg on  (E p h em erop tera  :
L ep top h lebiid a e), T h e P a n -P a cific  E n tom olog ist,
V ol. 4 7 :8 5 -9 3 .

M cA lp in e, J .F .,  e t .a l. ,  ed s. 1 9 8 1 .  M a n u a l of
N ea ra rtic  D ip tera , V olu m e 1 , R esea rch  B ra n ch ,
A g ricu ltu re  C a n a d a , M on og ra p h  N o. 2 7 , C a n a d ia n
G overn m en t P u blish in g  C en tre , H u ll,  Q u ebec.

M erritt ,  R ich a rd  W ., a n d  K en n ith  W . C u m m in s.
1 9 8 4 .  A n  In trod u ction  to  th e  A q u a tic  In sects  of
N orth  A m erica , secon d  ed ition , K en d a ll/H u n t
P u blish in g  C o., D u bu q u e, Iow a .

M erritt, R ichard  W ., and  K ennith  W . C um m ins.
1996 .  A n  Introduction  to the  A quatic  Insec ts of
N orth  A m erica , th ird  ed ition , K endall/H unt
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C h ap ter 13

P estic id es a n d  T o x in s P ro to co l

T h e fo llow in g  p rotocol d escribes m eth od s to
d eterm in e if p estic id es or ch em ica l tox in s a re  p resen t
in  su rfa ce w a ters  of s trea m s.  P estic id es in clu d e
h erbicid es, in sectic id es, rod en tic id es, a n d  o th er
ch em ica ls  u sed  to  con tro l u n w a n ted  veg eta tion  or
p ests .  C h em ica l tox in s ca n  in clu d e a  su ite  of
m a teria ls  often  a ssocia ted  w ith  u rba n  or in d u stria l
d isch a rg es.  E x a m p les of ch em ica l tox in s in clu d e
ch lorin a ted  p h en ols  a n d  p olych lorin a ted  b ip h en yls
(P C B s).  H ow  ea ch  in d ivid u a l, g rou p  or a g en cy
w ork s its  w a y th rou g h  th e p rotocol w ill  d ep en d  on
th eir  resp ective  tech n ica l ba ck g rou n d , ex p erien ce,
a n d  th e g oa ls  of th e  m on itorin g  p roject.   B y
follow in g  th e  p rotocol recom m en d a tion s g iven  below
for m a in ta in in g  sa m p le in teg rity, collection  m eth od s,
a n d  sa m p le a n a lysis  op tion s, i t  w ill  be  p ossib le  to
d evelop  reg ion a l d a ta  sets .   T h ese d a ta  sets  w ill  be
ex trem ely va lu a ble  to  th e  O P S W  effort to  restore  a n d
p rotect sa lm on id  h a bita t th rou g h ou t O reg on .

M entor  C ontact

A s w ith  a n y m on itorin g  p roject,  q u estion s w ill  com e
u p  th a t a re  n ot a n sw ered  or covered  su ffic ien tly in
th is  p rotocol.  T h erefore , a  g rou p  of m en tors th a t a re
a g en cy ex p erts  in  m on itorin g  h a ve been  id en tified .
T h ese  m en tors m a y be con ta cted  w ith  sp ecific
q u estion s a bou t p a rticu la r m on itorin g  g oa ls  a n d
efforts .   Q u estion s a bou t p estic id es a n d  tox in s
m on itorin g  sh ou ld  be d irected  to  on e of th e
follow in g :

O D F  M on itorin g  C oord in a tor
L iz  D en t (5 0 3 ) 9 4 5 -7 4 9 3
E -m a il :  l iz .f.d en t@ sta te .or.u s
O reg on  D ep a rtm en t of F orestry
2 6 0 0  S ta te  S treet
S a lem , O reg on  9 7 3 1 0

or

S ta tew id e D E Q  V olu n teer M on itorin g  C oord in a tor
K a ren  W illia m s (5 0 3 ) 2 2 9 -5 9 8 3
E -m a il:   w illia m s.k a ren @ d eq .sta te .or.u s

G en era l in form a tion  of p estic id e a n d  tox ics is
a va ila ble  from  th e fo llow in g  referen ces:

B ack ground  Inform ation  O n Pestic ides and
T oxins

T h is section  a n d  th e fo llow in g  section s w ill  focu s on
m on itorin g  for p estic id es a ssocia ted  w ith  n on p oin t
sou rce a ctiv ities  lik e  a g ricu ltu re  or forestry.
H ow ever, u rba n  p oin t sou rces ca n  a lso  be a  sou rce of
p estic id es a n d  in d u stria l/u rba n  tox in s.  W h en
sa m p les a re  bein g  collected  for th ese  m a teria ls  in
u rba n  a rea s, th e  sa m e g u id elin es to  a void
con ta m in a tion  or d eg ra d a tion  of th e  sa m p les sh ou ld
be u sed .

W h y M on itor?
H ig h  levels  of p estic id es or tox in s in  w a ter m a y
a ffect fish  a n d  oth er a q u a tic  org a n ism s’  h ea lth  a n d
p rod u ctiv ity.  T ox icity is  re la ted  to  both  th e  level of
ex p osu re  (d ose  or con cen tra tion ) a n d  th e  d u ra tion  of
th e  ex p osu re  (a cu te  or ch ron ic).  S om e ch em ica ls  a re
h ig h ly m obile  in  w a ter w h ile  o th ers  a re  n ot.   In  ord er
to  be d etected , ch em ica ls  m u st firs t  en ter th e  w a ter
colu m n  th rou g h  eith er a  d irect a p p lica tion  to  th e
w a ter bod y, a eria l d rift ,  tra n sp ort th rou g h  g rou n d
w a ter, or overla n d  flow .

A fter en terin g  th e  w a ter colu m n , ch em ica ls  d iffer in
th eir  p oten tia l effects .  S om e h erbicid es, d ep en d in g
on  th eir  con cen tra tion  a n d  d u ra tion , m a y in d irectly
effect a q u a tic  a n im a ls th rou g h  effects  on  a q u a tic
p la n ts .   In sectic id es, rod en tic id es, or fu n g icid es m a y
h a ve d irect effects  on  a q u a tic  a n im a ls d ep en d in g  on
th e ch em ica l a n d  con cen tra tion .  C h em ica ls  u sed  in
forest,  a g ricu ltu ra l,  a n d  u rba n  settin g s d iffer.  C ou n ty
ex ten sion  offices or th e  O reg on  D ep a rtm en t of
E n viron m en ta l Q u a lity (D E Q ) a re  resou rces for
a ssocia ting la nd u se a nd strea m  h a b ita t setting w ith
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th e kinds of ch em ica ls  th a t m a y b e a ffecting
strea m s.

P estic ide U se a nd R u noff P a tterns in  O regon
A  nu m b er of s tu dies  h a ve b een condu cted or  a re
u nderw a y to  a ssess th e introdu ction of pestic ides
into O regon w a ters .  T h e U S G S  recently  pu b lish ed
resu lts  of m onitoring in  th eir  report entitled
“ O ccu rrence of T ra ce E lem ents  a nd O rga nic
C om pou nds a nd T h eir  R ela tionsh ip to  L a nd U se in
th e W illa m ette  R iver B a sin, O regon, 1 9 9 2 -1 9 9 6 ”
(A nderson, R inella  a nd, S tew a rt, 1 9 9 6 ).  T h ey
fou nd th a t

“ … of th e 2 5  m ost freq u ently  detected
pestic ides, 3  w ere fou nd prim a rily  a t u rb a n
sites , 6  w ere fou nd prim a rily  a t a gricu ltu ra l
s ites , a nd 7  w ere fou nd a t a ll types of s ites
ex cept for  forested.”

F or som e la nd-u ses, ch em ica ls  ca n only b e detected
for  a  sh ort tim e im m edia tely a fter  a  spra y opera tion
or w h en a  s torm  ca u ses ru noff (see th e discu ssion
u nder  S e le c tin g  a n d  S a m p lin g  S ite s  b elow ).  F or
ex a m ple, O regon D epa rtm ent of F orestry (O D F )
m onitor ing h a s fou nd h erb icide concentra tions a t or
b elow  detection levels  in  m ost of th eir  sa m ples even
w h en th ey w ere collected a t th e tim e of a  h erb icide
a pplica tion (O D F  1 9 9 2 ).  W a tersh ed C ou ncils  need
to ca refu lly  consider  w h en a nd if to  m onitor  for
th ese ch em ica ls .

M onitor ing P la n C onsidera tions
A  m onitor ing pla n provides a  gu ide for  h ow , w h en,
a nd w h ere to  m onitor  su rfa ce w a ter  tox ins.  A  m ore
deta iled discu ssion a b ou t developing a  m onitor ing
pla n is  provided in  C h a pter  2  (M o n ito rin g  S tra te g y
a n d  P la n )  in  th is  docu m ent.

Selec ting  and  Sam pling  S ites

M ost ch em ica ls  reside for  a  very sh ort tim e w ith in
th e w a ter  colu m n of a  flow ing strea m .  T h rou gh
tim e th ey eith er:

•  m eta b olica lly  b rea k dow n into oth er
com pou nds,

•  rem a in a ctive b u t settle  into th e s trea m
sedim ents ,

•  or dilu te  into u ndetecta b le , b iologica lly  b enign
a m ou nts .

A s a  resu lt, sa m pling to  detect pestic ides in  th e
w a ter  colu m n often req u ires  th a t sa m pling occu r
im m edia tely a fter  ch em ica l a pplica tion or  follow ing
a  storm  event.  D epending on ch em ica l s ta b ility  a nd
longevity  in  th e environm ent, ru n-off events  a fter
h ea vy ra infa ll m a y ca u se m ore conta m ina tion to
strea m s th en a eria l dr ift du ring spra y a pplica tion.

M ost pestic ides w ill b e collected a s  nonpoint sou rce
sa m ples.  T h is  m ea ns th a t th e potentia l pollu tion
sou rce or igina tes  from  a  la rge a rea  of la nd a nd m a y
enter  th e w a ter  colu m n th rou gh  a  nu m b er of m ea ns
a nd a t a  nu m b er of points .  P oint sou rce pollu tion
sa m pling m a y a lso a pply in  som e a gricu ltu ra l a nd
u rb a n settings.  S a m pling for  point sou rce pollu tion
is  rela tively s im ple.  T h e efflu ent from  a  pipe,
cu lvert, or  oth er  ou tlet origina ting from  th e
pollu ting sou rce (fa ctory, sew a ge trea tm ent pla nt,
feedlot)  is  a  direct connection to  th e s trea m  a nd
sa m pling ca n b e done a t th e disch a rge s ite .  P oint
sou rce sa m pling sh ou ld occu r  a t th e m ou th  of th e
ou tlet pipe from  th e pollu tion sou rce w h ere th e pipe
links to  th e s trea m  system .  S a m ples m a y b e
collected directly  from  th e ou tlet.

F or  nonpoint sou rce sa m pling, th e sa m ple point
sh ou ld genera lly  b e loca ted w ith in 2 0 0  feet
dow nstrea m  from  th e low er edge of th e ch em ica l
a pplica tion or  la nd u se b ou nda ry.  I t is  cr itica l
th rou gh ou t th e sa m pling process th a t neith er  th e
sa m pling eq u ipm ent nor  th e personnel com e into
conta ct w ith  th e ch em ica l.  T h is  conta ct cou ld
conta m ina te  th e w a ter  sa m ples.  T h erefore, do not
sa m ple too close to  th e opera tion.  H ow ever , a
dis ta nce too fa r  from  th e a pplica tion m a y introdu ce
confou nding fa ctors  su ch  a s tr ib u ta ries  or  incom ing
grou nd w a ter  w h ich  ca n dilu te  concentra tions in  th e
flow .  T h e sa m ple point sh ou ld a lso h a ve ea sy
a ccess , even a t nigh t, a nd th e s trea m  sh ou ld b e deep
enou gh  to  a deq u a tely fill th e collection ja r .  A
u niform  strea m  b ottom  a lso fa cilita tes  s trea m  flow
rea dings.
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S a m p le  A na ly s is  a nd  E q uip m ent O p tio ns

L a b ora tory m eth ods for  pestic ides a nd tox ic
ch em ica ls  tend to  b e ex a cting a nd ex pensive
b eca u se th ese ch em ica ls  a re  u su a lly  present in  th e
w a ter  in  very sm a ll a m ou nts .  A lso, th ey occu r in
a n a lrea dy ch em ica lly-com plex  w a ter  colu m n.
Q u a lity  a ssu ra nce is  im porta nt for  b oth  th e
collection a nd tra nsport of sa m ples to  th e la b ora tory
a nd a lso in  th e a na lysis .

D ifferent types of la b ora tory a nd fie ld m eth ods ca n
b e u sed for  a na lyz ing pestic ides a nd tox ins.  S om e
a na lytica l m eth ods ca n b e rela tively s im ple a nd
inex pensive.  C om m only, th e m ost precise  a nd
a ccu ra te  m eth ods a re  costly  a nd involve tra ce
a na lytica l tech niq u es a nd eq u ipm ent.  S om e
ch em ica ls  a re  m ore difficu lt to  a na lyz e th a n oth ers .
T h e cost of th e a na lysis  is  directly  rela ted to  th e
com plex ity  of th e a na lysis  ( type of ch em ica l b eing
detected, m a tr ix  of ch em ica ls  in  th e w a ter)  a nd th e
m inim u m  detection lim it req u irem ents .

S etting A ppropria te  D etection L im its
F or litiga tion or  s itu a tions th a t req u ire  q u a ntifia b le
proof a nd testing to  very low  concentra tions,
la b ora tory m eth ods ca n provide ex cellent a nsw ers
w ith  low  m a rgins of error .  T h ese tests  a re
ex pensive, h ow ever, ra nging from  $ 2 0 0  to  $ 3 0 0  per
sa m ple.  L a b ora tory tests  u sing a  ga s
ch rom a togra ph , h igh  perform a nce liq u id
ch rom a togra ph  (H P L C ), or  even m a ss
spectrom eter , ca n detect som e ch em ica ls  dow n to
ppb  (pa rts  per  b illion) a nd ppt (pa rts  per  tr illion).

O ften, h ow ever , a na lysis  of su ch  sm a ll a m ou nts  of
ch em ica ls  in  w a ter  sa m ples a re  not needed.  R a th er ,
loca l grou ps m a y w a nt to  know  if th e ch em ica l
levels  ex ceed a n E P A , D E Q , or  oth er  w a ter-q u a lity
sta nda rd.  T h ese “ a ction”  concentra tions ca n b e
m u ch  grea ter  th a n a  few  ppt or  even ppb .  T h e
W a tersh ed C ou ncil needs to  consider  ca refu lly
w h a t detection lim its  a re  a ppropria te  for  w h ich
ch em ica ls  a s  pa rt of its  m onitor ing pla n.
Im m u noa ssa y A lterna tives
O ne em erging a na lytica l a lterna tive is  th e u se of
im m u noa ssa y tech niq u es.  T h ese tests  involve th e
u se of a n a ntib ody to  th e ch em ica l of interest.  S ites
on th e a ntib ody a re  tied u p b y th e ch em ica l.  A

colorom etric  rea ction is  often u sed w h ich  ca n
indica te  th e concentra tion of th e ch em ica l in  th e
w a ter .  Im m u noa ssa y tech niq u es provide a n
inex pensive a lterna tive w h ere th ey provide
su fficient detection lim its , precis ion, a nd a ccu ra cy.
C osts  ra nge from  a b ou t $ 1 5 0  to  $ 4 0 0  for  u p to
tw enty tests , depending on th e ch em ica l.  D etection
lim its  a s  low  a s 0 .0 5  ppb  a re  reported for  som e
im m u noa ssa y m eth ods b u t prob lem s ca n occu r  w ith
fa lse  rea dings a ttr ib u ta b le  to  oth er  ch em ica ls .
Im m u noa ssa y test kits  a re  only a va ila b le  for  a
lim ited nu m b er of ch em ica ls .  O th er ch em ica ls  s till
need to  b e a na lyz ed in  a  la b .  H ow ever, if th e
ch em ica l of interest ca n b e a na lyz ed b y a va ila b le
im m u noa ssa y tech niq u es,  th ese tests  provide q u ick
a nd a ccu ra te  resu lts .

G enera l E q u ipm ent C onsidera tions
T h e type of a na lysis  pla nned a s w ell a s  th e
ch em ica l(s)  to  b e tested w ill dicta te  th e types of
eq u ipm ent needed.  C ollecting sa m ples  a nd sending
th em  to a  certified la b ora tory for  a na lysis  w ill
req u ire  one set of sa m pling eq u ipm ent.
Im m u noa ssa y kits  com e w ith  th e eq u ipm ent
req u ired to  collect th e sa m ples to  perform  th e
specific  a na lyses.

T o su ccessfu lly  collect da ta  for  th e O P S W , ca re
m u st b e ta ken to  collect c lea n, u nconta m ina ted
w a ter  gra b  sa m ples.  T h e type of collection ja rs
u sed is  pa rt of th a t process.  I f th e sa m ples w ill b e
a na lyz ed b y im m u noa ssa ys, th e im m u noa ssa y kit
w ill conta in th e a ppropria te  collection ja r .
H ow ever, if sa m ples w ill b e sent to  a  la b , th e la b
m u st b e conta cted prior  to  ordering sa m ple ja rs .
S om e ch em ica l tox ins rea ct to  th e pla stics  u sed in
non-gla ss  ja rs  w h ile  oth ers  a re  not a ffected.  O th er
ch em ica ls  req u ire  froz en stora ge u ntil a na lysis ,
w h ich  m ea ns pla stic  conta iners  w ill b e needed.
M ost la b s req u ire  th a t sa m ples b e s tored in  ja rs
w ith  specia l lids  w h ich  provide a  b a rr ier  a nd sea l
a ga inst th e introdu ction of ou tside conta m ina nts
a fter  c losing.  B e su re to  a sk w h a t ja rs  a re  b est for
th e ch em ica l(s)  th a t w ill b e sa m pled.

R eq u ired E q u ipm ent for  th e L a b ora tory M eth od

•  A ppropria te  sa m ple ja rs  a nd lids
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•  L a b els

•  S ter ile  gloves

•  Z iplock“  b a gs la rger  th a n th e sa m ple ja rs

•  Ice/froz en w a ter  ju gs/b lu e ice pa cks

•  C ooler

•  S topw a tch

•  P erm a nent w a terproof m a rker

•  L a b  form s a nd clipb oa rd

•  F low  m eter

•  W a tch

T h e ja rs  a nd gloves ca n b e ordered from  a ny
scientific  su pply com pa ny.  O th er  eq u ipm ent is  ea sy
to find a nd pu rch a se.  B e certa in  to  confirm  th e
sa m ple collection req u irem ents  w ith  th e la b ora tory
w h ere sa m ples w ill b e sent for  a na lysis .  T h e
O regon D epa rtm ent of A gricu ltu re (O D A )
L a b ora tory h a s defined specific  conta iner  a nd
stora ge tem pera tu re req u irem ents  for  given
ch em ica ls .  S om e sa m ples m u st b e a na lyz ed w ith in
2 4  h ou rs  of collection or  e lse  th ey m u st b e froz en.
If sa m ples w ill b e m a iled to  th e la b , th e la b
tech nicia ns m a y b e a b le  to  recom m end th e m ost
effic ient a nd sa fest m eth od to  prevent sa m ple
degra da tion.

C onta ct a  loca l O D A  or  D E Q  office or  a
m onitoring m entor to  loca te  th e nea rest a na lytica l
la b ora tories .

E q u ipm ent R eq u ired for  Im m u noa ssa y M eth ods
F ield kits  ex ist for  som e pestic ides th a t ca n screen
for  th ose com pou nds in  th e fie ld.  T h e kits  conta in
th e follow ing:

•  T est tu b es a nd ra ck

•  A ssa y ca lib ra tors

•  C ontrol

•  A ppropria te  enz ym es

•  A ppropria te  su b stra tes

•  S top solu tions

O th er  recom m ended eq u ipm ent inclu de th e
follow ing:

•  S ter ile  gloves

•  L a b  gla sses

•  S topw a tch

•  F low  m eter

•  “ W rite-in-th e-ra in”  da ta  sh eets

•  C lipb oa rd

•  W a tch

A  va riety of la b ora tory a nd environm enta l tes ting
com pa nies offer  im m u noa ssa y kits .  Inq u ire  w ith
th e E P A , D E Q , or  c ity/cou nty w a ter  q u a lity  offices
for  a ssis ta nce a nd recom m enda tions on cr iter ia  to
decide w h ich  kit w ill b est fit th e m onitoring needs.

L a b ora tory Q u a lity  A ssu ra nce
In a ddition to  deliver ing sa m ples  in  good condition
to th e la b ora tory, u tiliz ing a  la b ora tory th a t ca n
provide a na lysis  of th e sa m ples a t th e desired level
of sensitivity , a ccu ra cy, a nd precision is  a lso
im porta nt.  S om e of th e com ponents  to  h igh  q u a lity
a na lysis  inclu de th e u se of p re -tre a tm e n t c o n tro l
sa m p le s , fie ld  a nd la b o ra to ry  b la n k s , in te rn a l
sta n d a rd s , a nd su rro g a te  sp ik e s .  T h e follow ing
discu ssion provides a  sh ort overview  of th e
trea tm ents  u sed to  insu re q u a lity  la b ora tory
a na lyses.  I f m ore inform a tion is  desired a b ou t a ny
one th ese q u a lity  a ssu ra nce processes, conta ct th e
m entor lis ted in  th is  section.

P re- trea tm ent control sa m ples a re  collected b efore
a n opera tion b egins.  T h ey provide a  m ea su re of
ex isting ch em ica l loa d or  possib le  interferences
w ith  th e a na lytica l tech niq u e.  F ield a nd la b ora tory
b la nks a re  control sa m ples th a t provide a n
indica tion of potentia l conta m ina tion in  th e fie ld  or
from  th e sa m ple collection or  a na lytica l eq u ipm ent
a nd ex tra ction m a teria ls .  Interna l s ta nda rds a re
eith er  m ea su red a m ou nt of th e ch em ica l of interest
or  dis tilled w a ter  a dded to  th e sa m ple w h ich  rea ct
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sim ila rly  to  th e ch em ica l of interest (referred to  a s
th e “ a na lyte” ) . “ T h e ra tio  of th e interna l s ta nda rd
response to  th e a na lyte  response is  ca lled th e
rela tive response fa ctor , a nd it ca lcu la tes  a na lyte
concentra tion”  (K eith  1 9 9 1 ).  Interna l s ta nda rds
a re a dded a t th e end of th e ex tra ction process .
S u rroga te  spikes a re  a dded a t th e b eginning of a n
a na lysis .  L ike a n interna l s ta nda rd, th ey a re
ch em ica ls  w h ich  a re  ex pected to  b eh a ve s im ila r ly
to th e a na lyte .  S u rroga te  spikes a llow  for
determ ina tion of recovery effic iencies  (percent
recovery)  a s  pa rt of th e sa m ple clea n-u p a nd
prepa ra tion (K eith  1 9 9 1 ).  B e prepa red to  a sk
q u estions a nd w ork w ith  th e la b ora tory to  insu re
th a t da ta  q u a lity  is  m a inta ined.

F ie ld  P ro to co l

T h e follow ing fie ld protocol is  a ppropria te  for
pestic ide sa m pling b elow  a  pla nned spra y
opera tion.  C ollecting w a ter  gra b  sa m ples for
pestic ide a na lysis  is  a  rela tively ea sy process.  T w o
im porta nt considera tions m u st b e rem em b ered.  T h e
firs t is :

D o  n o t c o n ta m in a te  th e  sa m p le s  in  th e follow ing
w a ys.

•  E ntering th e spra y a rea

•  D riving th rou gh  th e spra y a rea

•  C om ing in  conta ct w ith  opera tors  or  th eir
eq u ipm ent

•  E x posing th e collection ja rs  to  potentia l
conta m ina tion

•  C om ing in  conta ct w ith  th e w a ter  colu m n
b efore it enters  th e collection ja r  (s ta nd
dow nstrea m , do not le t c loth ing or  skin conta ct
th e w a ter  u pstrea m )

T h e second im porta nt considera tion is :
R e m e m b e r to  c o lle c t a  c o n tro l sa m p le  a n d  th e n
c o lle c t su b se q u e n t sa m p le s o n  th e  a p p ro p ria te
tim e  sc h e d u le .

F ollow ing th ese tw o im porta nt points  w ill fa cilita te
a  su ccessfu l sa m ple collection.

S a m ple L oca tion
S a m ple s ites  sh ou ld h a ve a lrea dy b een selected.
S a m ples w ill b e collected a pprox im a tely 2 0 0  feet
dow nstrea m  of th e edge of trea tm ent u nit.  A ccess
to th e sa m pling s ite  sh ou ld b e done w ith ou t w a lking
or driving th rou gh  th e trea tm ent u nit.  T h e site
sh ou ld b e protected from  drift, h a ve a  u niform
cross-section (no b a ckw a ter  or  eddies) , a nd h a ve
a deq u a te  flow  to fa cilita te  sa m ple collection.

S a m ple T im ing
A  control sa m ple w ill b e collected w ith in 2 4  h ou rs
prior  to  th e s ta r t of th e a pplica tion.  F ollow  th e
L a b ora tory S a m ple procedu re b elow  or th e m eth ods
indica ted w ith  th e im m u noa ssa y kit.

A fter  collecting th e control sa m ple, m ea su re th e
velocity  of th e s trea m  (ft/sec)  u sing a  velocity  or
flow  m eter  (conta ct th e m entors  for  inform a tion
rega rding m ea su ring flow  in th e fie ld) .  E stim a tes
of velocity   ca n a lso b e ob ta ined u sing th e inform a l
“ ch ip”  m eth od.  U sing a  b righ tly  colored, b u oya nt
ob ject ( ligh t-colored w ood ch ip, ch erry, tennis  b a ll,
e tc .) , record th e tim e it ta kes th e ob ject to  tra vel a
pre-m ea su red dis ta nce.  T h is  provides a  “ feet
tra veled per  second”  rea ding.  T h ree or  m ore
rea dings sh ou ld b e ta ken a nd a vera ged.  R ecord th e
strea m  velocity .

F ive m ore w a ter  q u a lity  sa m ples w ill b e collected
b a sed on th e tra vel tim e of th e w a ter  m oving
th rou gh  th e trea tm ent u nit.  S a m ples w ill b e
collected a pprox im a tely 1 5  m inu tes , a nd 2 , 4 , 8 ,
a nd 2 4  h ou rs a fter  th e firs t sw a th  h a s b een spra yed
nea r th e b u ffer  s tr ip .  T h e a ctu a l tim e of collection
is  ca lcu la ted a s  follow s:

E q u a tion:
 

 timesample minute 15  minutes 15 
seconds 60

L/v =+
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w h ere, L  =  length  of s trea m  b etw een top of
trea tm ent a rea  a nd sa m ple point plu s length  of
strea m  b etw een b ottom  of trea tm ent u nit a nd
sa m ple point divided b y 2  (ft) .v  =  a vera ge velocity
of s trea m  (ft / sec)

R u noff S a m pling
R u noff sa m pling is  a ppropria te  a t a ll s ites  w h ere a
ru noff event occu rs  w ith in th e firs t 7 2  h ou rs of th e
ch em ica l a pplica tion.  S a m ples  ca n b e collected
w ith in th e firs t 1 2  h ou rs a fter  th e firs t ru noff event.
O nly one ru noff sa m ple need b e collected a s  long a s
th e sa m ple ca ptu res  th e ru noff event.

H ow ever , depending on th e m onitor ing ob jectives ,
sa m ples  m a y b e collected a t th e b eginning, m iddle ,
a nd end of th e event.

O pera tor  Q u estionna ire
It m a y b e w orth w h ile  to  ga th er  da ta  a b ou t th e
ch em ica l a pplica tion from  th e opera tor .  A  form
tem pla te  is  provided b elow  for  opera tors  or
la ndow ners  to  fill ou t.  T h e inform a tion req u ested
dea ls  w ith  h ow  th e ch em ica ls  w ere a pplied.  I f th is
m onitoring site’ s  resu lts  w ill b e com pa red to  oth ers ,
th is  kind of inform a tion is  inva lu a b le  (F igu re 1 3 -1 ).
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L a n d ow n er: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
P erson ’ s n a m e com p letin g  q u estion n a ire : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
U n it N a m e:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D a te  of A p p lica tion :_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W eather  C onditions :
P lea se  fill  in  m ea su rem en ts of:

T im e T im e T im e T im e T im e T im e T im e T im e
W in d  S p eed : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
W in d  D irection _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
R ela tive  H u m id ity _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
T em p era tu re _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
C hem ica l A pplica tion
S ta rt t im e _ _ _ _ _ _ _ _ _ _ _ _

E n d  tim e _ _ _ _ _ _ _ _ _ _ _ _ _ W a s ch em ica l d irectly a p p lied  w ith in  6 0  ft  of th e  strea m ? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
T a rg et veg eta tion /p est: _ _
A ctive in g red ien t p estic id e: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ lbs/a cre  a p p lied _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A d d ition a l p estic id e u sed : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ lbs/a cre  a p p lied _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
S u rfa cta n t a d d ed : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ a m ou n t/a cre _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
O th er a d d itives: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ a m ou n t/a cre _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A p p lica tion  ra te  for fin a l sp ra y m ix tu re _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ a m ou n t/a cre _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
C a rriers  u sed : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
E P A  R eg istra tion  n u m ber _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ T ra d e N a m e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
O peration
H elicop ter/p la n /tra ctor m od el: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
F lig h t a lti tu d e: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A ir/g rou n d  sp eed :_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
B oom  len g th : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  B oom  P ressu re _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
F lig h t cen terlin e  offset from  ed g e of bu ffer: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
H a lf B oom  u sed  _ _ _ _  Y es _ _ _ _  N o
N oz z le  typ e, s iz e , a n g le , orien ta tion : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
N u m ber of n oz z les: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

F igure 13-1 .  O perator questionnaire.

Procedures

L a bora tory S a m p le P roced u re .  A rrive  a t th e
sa m p lin g  site  w ith ou t p h ysica l con ta ct w ith  veh icles
or p erson n el from  th e sp ra y op era tion .  C om p ly w ith
th e fo llow in g  p roced u re:

1 . A ll eq u ip m en t w ill  be  c lea n  a n d  free  of ch em ica l
resid u es.

2 . F or ea ch  sa m p le, p u t on  a  n ew  p a ir  of su rg ica l-
typ e sa n ita ry g loves a n d  p ick  u p  con ta in er.

3 . F ill  ou t tw o la bels  id en tifyin g  th e  sa m p le, th e
d a te , th e  loca tion , a n d  th e  tim e.  P la ce on e on
th e bottle  a n d  on e on  th e  lid .  W h en  u sin g  a
p la stic  con ta in er, th e  sa m p le n u m ber sh ou ld  be
w ritten  d irectly on  th e  bottle  a s  w ell a s  on  th e
la bel.

4 . S ta n d  d ow n strea m  of th e  sa m p le loca tion .  D o
n ot le t c lo th in g  m a k e con ta ct w ith  th e  w a ter.
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5 . T rip le-rin se  sa m p le con ta in er in  th e  strea m
w a ter (u n less a  p reserva tive  is  u sed ) a t th e
sa m p le site .   E m p ty rin se  w a ter d ow n strea m .

6 . A t th e  sa m p le tim e, fa ce u p strea m  a n d  slow ly
sin k  con ta in er in to  th e  m a in flow  of th e  w a ter

colu m n  u n til  th e  lip  of th e  ja r  is  ju st below  th e
su rfa ce.  F ill  con ta in er.

7 . F ill  ou t W a ter Q u a lity S a m p lin g  form  (F ig u re
1 3 -2 ).

D ra w  a  sch em a tic  m a p  of th e  u n it,  s trea m s, bu ffers ,  a n d  a p p lica tion  p a ttern s.

N otifica tion  n u m ber: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A p p lied  p estic id e: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S trea m  n a m e: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

M on itor’ s  n a m e(s): _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S p ra y sta rt  t im e: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A vera g e strea m  velocity: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (ft/sec)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S a m p lin g  sta rt  t im e:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ D a te: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S A M P L E  D E S C R IP T IO N
S A M P L E  C O L L E C T IO N

D A T E T IM E S A M P L E  ID  N U M B E R

C o ntro l S am p le

1 5  m inu te

2  ho u r

4  ho u r

8  ho u r

2 4  ho u r

R u no ff S am p le  # 1  (o p tio na l)

R u no ff S am p le  # 2   (o p tio na l)

R u no ff S am p le  # 3   (o p tio na l)

F igure 13-2 .  W ater quality chem ical sam pling form .

U p on  su bm ission  of th e  w a ter sa m p les to  th e  la b , a
U n iv e rsa l S a m p le  C o lle c tio n  a n d  L a b o ra to ry  R e p o rt
form  a n d  a  c h a in  o f c u sto d y  fo rm  u su a lly n eed  to  be
com p leted  a n d  tu rn ed  in .  C op ies of th ese  ca n  be
obta in ed  from  th e  la b .

S a m p le S tora g e a n d  D elivery to  L a bora tory.  T h e la b
sh ou ld  be n otified  a h ea d  of tim e a bou t d elivery.
S a m p les sh ou ld  be p u t im m ed ia te ly in  w a tertig h t
cold  stora g e w ith  a  lea k -p roof coolin g  d evice
(blu e-ice , froz en  w a ter ju g s, d ou ble-ba g g ed  ice
cu bes) a n d  rem a in  so  u n til  d elivered  to  th e  la b .
S a m p les sh ou ld  be tra n sp orted  to  th e  la bora tory a s

soon  a s p ossible .  A t n o  tim e sh ou ld  a n y sa m p le be
in  con ta ct w ith  p erson n el d irectly in volved  w ith  th e
ch em ica l op era tion .

S a m p le A n a lysis  a n d  E va lu a tion .   T h e sa m p les m a y
be a n a lyz ed  in d ivid u a lly to  d eterm in e con cen tra tion s
of th e  ch em ica l th rou g h ou t tim e.  T h is  is  h ig h ly
a ccu ra te  bu t th e  m ost ex p en sive op tion  beca u se ea ch
of th e  six  sa m p les w ill  be  b illed .  A  2 4 -h ou r a vera g e
ca n  be a p p rox im a ted  from  th ese resu lts  w ith  th e
follow in g  form u la .  T h is  form u la  a p p lies  a
tim e-p rop ortion a te  w eig h tin g  fa ctor to  ea ch  g ra b
resu lt.
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E q u atio n:

( ) ( ) ( ) ( ) ( )0.50hr-24  0.30hr-8  0.10hr-4  0.08hr-2 0.02min-15 ion concentrat averagehr -24 ++++=

(N o te : 1 5 -m in, 2 -hr, 4 -hr, e tc .,  re fe rs to  the  p estic id e  co ncentra tio n co llec ted  a t tho se  tim e  inte rva ls, and  no t the  tim e  the  sam p le  w as co llec ted .)

S a m p les ca n  a lso  be com bin ed  in to  on e sa m p le for
a n a lysis .   C om p osites  w ill  u su a lly be form ed  by th e
la b  so  th e  sa m p les sh ou ld  be d elivered  in  in d ivid u a l
con ta in ers .  A n a lyz in g  com p osites  resu lts  in  losin g
th e a bility to  d etect a  2 4 -h ou r m a x im u m
con cen tra tion .  T h e d ecision  to  a n a lyz e com p osites
or n ot is  a  bu d g eta ry on e.

Im m u n oa ssa y P roced u re .  T h e p roced u res for th e
im m u n oa ssa y tests  w ill  be  d eta iled  in  th e  test
in stru ction s w ith in  th e  k it .   A ll sa m p le in teg rity a n d
con ta m in a tion  con cern s from  th e la bora tory m eth od s
a p p ly to  th e  im m u n oa ssa y tests  a s  w ell.   S ix  sa m p les
th rou g h  tim e, in clu d in g  a  con tro l,  sh ou ld  be ta k en .
S a m p le v ia ls  sh ou ld  be la beled  a n d  k ep t sep a ra te
from  oth er sa m p les.  N ew  sterile  g loves a n d  clea n
eq u ip m en t sh ou ld  be  u sed  w ith  ea ch  sa m p le.  A
sta ble  a n d  sh eltered  a rea  in  th e  fie ld  e ith er n ea r th e
strea m  or n ea r th e  veh icle  sh ou ld  be esta blish ed  to
com p lete  th e  tests  beca u se th ey m a y ta k e u p  to  tw o
h ou rs to  com p lete .  R efer to  th e  d irection s a n d
tech n ica l a ssis ta n ce offered  by th e  test m a n u fa ctu rer
for m ore q u estion s.

A nalyz ing  D ata

T h e level of a n a lysis  w ill  d ep en d  on  th e  in itia l
objectives of th e  m on itorin g  p roject.   If th e  g oa l is  to
d eterm in e if p estic id e or in trod u ced  tox in  levels  a re
a bove a  s ta te  or fed era l s ta n d a rd , th en  th e  la bora tory
or im m u n oa ssa y resu lts  w ill  a n sw er th e  q u estion
a ffirm a tively or n eg a tively.  If th e  g oa l is  to
d eterm in e if p ost-a p p lica tion  levels  ex ceed  con tro l
levels ,  th en  la b  or test resu lts  w ill  in d ica te  th a t a s
w ell.

If th e  m on itorin g  p roject g oa l in volves com p a rin g
d ifferen t s ite  resp on ses or a p p lica tion  ra tes or
tech n iq u es, th en  a  m ore com p lica ted  a n a lysis  w ill  be
req u ired .  T h e sa m p le siz e  (n u m ber of in d ivid u a l
sp ra y op era tion s) w ill  n eed  to  be la rg er.  M u ltip le
sites  or sp ra y a p p lica tion s m a y be com p a red  a s lon g
a s th e  en viron m en ta l con d ition s th a t d iffer betw een

sites  a re  th orou g h ly a n d  com p letely m ea su red  a n d
d ocu m en ted .  G ra p h ica l com p a rison s of th e
con d ition  of in terest w ill  be  req u ired .  C on ta ct th e
O P S W  su rfa ce w a ter tox in s m on itorin g  m en tor for
a ssista n ce on  collectin g  re lia ble  a n d  p ertin en t
en viron m en ta l d a ta  a n d  a n a lysis  op tion s.

In d ivid u a l s ites  m a y be com p a red  th rou g h  tim e a s
w ell.   C h a n g es in  flow  a n d  oth er fa ctors  th a t d irectly
a ffect p oten tia l tox in  levels  m u st be  d ocu m en ted  a n d
ch a n g es in  bu ffers  or m a n a g em en t tech n iq u es th a t
m a y in d irectly a ffect tox in  levels  sh ou ld  a lso  be
record ed  to  m a x im iz e th e  va lu e of th e  d a ta  collection
effort.
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Addendum to Water Quality

Monitoring Technical Guide Book:

Chapter 14

Stream Shade and Canopy
Cover Monitoring Methods

This document is designed as an additional
chapter to the Water Quality Monitoring:
Technical Guidebook (OWEB July 1999).
Many of the broader monitoring concepts
presented in the Water Quality Monitoring
Technical Guidebook apply to shade and
riparian cover monitoring. Please add this to
your current version 2.0 as chapter 14.
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Chapter 14

Stream Shade and Canopy Cover Monitoring Methods

Introduction

Riparian areas provide a number of important
functions that benefit salmonids and salmonid
habitat. For example, large conifer trees that
fall into the stream from the riparian area
provide critical fish habitat structure and
complexity that benefit fish reproduction and
refuge needs. Other riparian functions in-
clude, but are not limited to, bank stabiliza-
tion, flood plain development, nutrient inputs
for aquatic insects, and stream shade. This
chapter only addresses stream shade and
cover measurement and at this time does not
address riparian composition and structure.
The fact that stream shade is the only riparian
component addressed is not meant to mini-
mize the importance of the other riparian
components. On the contrary, the composition
and structure (e.g. species and size class
distributions, understory components, dis-
tance from stream, etc.) of the riparian area
can affect any or all of these functions and
may be of equal or greater interest to the user.
Various techniques for monitoring these other
riparian components are being used by Or-
egon State University (Borman and Chamber-
lain), Oregon Department of Forestry (ODF
1996, 1999), Department of Environmental
Quality (Mulvey et al 1992), Oregon Depart-
ment of Fish and Wildlife(ODF&W 1998),
EPA (Kaufman and Robison 1998, Bauer and
Burton 1983), and US Forest Service (Platts
et al 1987). Please contact these groups if
more information is desired on this topic (See
the mentors section at the end of this chapter).

Stream Shade Versus Canopy Cover

Shade is the amount of solar energy that is
obscured or reflected by vegetation or topog-
raphy above a stream. It is expressed in units
of energy per unit area per unit time, or as a
percent of total possible energy. Canopy

cover is the percent of the sky covered by
vegetation or topography. Shade producing
features will cast a shadow on the water while
canopy cover may not. Two trees of equal
size and distance from the stream channel,
one on the north bank and the other on the
south bank of a stream with an east-west
stream channel, would have exactly the same
contribution to stream canopy cover while
making very different contributions to stream
shade. Unlike the tree on the south bank, the
tree on the north bank would cast little, if any,
shadow on the stream. Of the measurement
devices described in this chapter, the
densiometer and clinometer both measure
canopy cover while solar pathfinder and
hemispherical photography measure both
shade and canopy cover. Stream aspect can be
combined with clinometer measurements to
calculate stream shade. Information is pro-
vided in this chapter to assist in making the
choice on which device to use.

There are several reasons for monitoring
stream shade or canopy cover, and monitoring
designs will vary accordingly. The most
common motive for monitoring shade or
cover is in relation to stream temperature.
There are many factors that affect stream
temperature (incoming solar radiation, outgo-
ing longwave radiation, evaporative and
conductive heat transfers, channel morphol-
ogy, heat capacity of water, volume of water)
some of which are outside the control of
management practices. Stream shade is one
factor that both affects stream temperature
and is also sensitive to management practices.
Also, in the summer, it is direct solar radia-
tion that plays the dominant role in warming
streams. Therefore, providing shade to a
stream is one of the most important mecha-
nisms that mitigates potential negative effects
of land management on stream temperature.
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By monitoring shade in conjunction with
stream temperature the land manager can
begin to evaluate relationships between
management practices and water quality.

Cover measures can be used as a surrogate or
index of shade. Both cover and shade mea-
surements are valuable for tracking changes
in riparian characteristics which may occur as
a result of management or restoration activi-
ties. The relationship between stream tem-

perature and cover is variable, particularly if
the canopy cover is neither exceptionally high
nor low. Figures 14-1 and 14-2 compare
shade to cover data collected at the same
locations using different tools. Clearly shade
increases as cover increases. However, the
variability about the lines (r2 = 0.62 and 0.72)
indicate that the composition of the stream-
side vegetation ulitmately dictates the amount
of shade that will be cast on the stream.
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Figure 14-2. Shade (measured with a fisheye camera) versus cover (densiometer).

Figure 14-1. Shade (measured with a solar pathfinder) versus canopy cover (densiometer).
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The data in figure 14.1 were collected from
forested streams in the Nestucca River basin
in north western Oregon, summer 1999. Each
comparison is an average of three transects
within a 200- to 500-foot long reach. (Pro-
vided by Larry Caton, Oregon DEQ. ) The
data for figure 14-2 were collected in North-
east Oregon and Northwest Oregon during the
summer of 1999 and were contributed by the
Oregon Department of Forestry (Liz Dent).
Each comparison is a reach average. Reach
length varied from 500 – 800 feet.

Chapters 2 and 3 of this guidebook provide
background information on how to design a
monitoring plan and select field sites. This
chapter provides additional detail on study
design as well as detailed field measurement
procedures for measuring stream shade and
cover. Six different tools for measuring
stream shade are presented. The user of this
chapter can decide which tool to use based on
available resources and the particular moni-
toring question being asked.

Study Design

Riparian vegetation characteristics (stand
density, height, species composition, proxim-
ity to stream) and channel characteristics
(width and constraint) affect canopy cover
and shade over the stream. The riparian
vegetation in turn is influenced by distur-
bances such as wind, fire, flood and land
management practices. Riparian vegetative
trends are also dependent on local geomor-
phology and channel constraint. For example,
terraces, meandering channels, abandoned
channels, beaver complexes, floodplains, and
wetland areas are common in unconstrained
systems. These variable conditions favor
some tree and shrub species over others and
thus result in patchy vegetation types. Con-
strained reaches commonly have less geomor-
phic and vegetative variability than uncon-
strained reaches. The OWEB Watershed
Assessment Manual (WPN 1999) describes
classification methods that can be used to
define vegetation type (riparian condition
unit) and channel type (channel habitat type).

Use of that classification system in the shade
monitoring study design can be used to
account for the variability in riparian and
channel characteristics and disturbance
regimes.

The study design presented in this chapter is
closely aligned with the field protocols
described in section 6 (physical habitat
assessment) of the EPA Environmental
Monitoring and Assessment Program (E-MAP)
(Klemm and Lazorchak 1994). The E-MAP
methodology was intended for evaluating
physical habitat in wadeable streams during
low flow. The design requires systematic
intervals for measurements (i.e. every 100
feet) rather than habitat-based intervals (i.e
every time the habitat type changes measure-
ments are taken) and therefore results can be
readily compared to other systematically
collected data.

Chapter 2 (Monitoring Strategy and Plan) of
this guidebook describes the basic compo-
nents of a monitoring plan. The objectives or
specific questions determine the appropriate
scale, data analyses, and type of monitoring
approach that will be used. The following
discussion gives examples of shade-monitor-
ing questions and how those questions influ-
ence the study design. The questions are
organized under three scales: reach, water-
shed, and region. See Appendix B for a more
detailed discussion of monitoring types (i.e.
baseline, trend, implementation, and effec-
tiveness).

Reach Scale Questions and Analyses

Monitoring Changes in Shade that Result
from Management or Restoration Activities
The reach scale is commonly used to monitor
effectiveness of specific management prac-
tices, water quality management plans, and
restoration efforts. It is important to select a
reach which is representative of the manage-
ment or restoration activity. How to select a
representative reach is discussed in greater
detail below. Collection of pre-treatment data
greatly enhances the ability to answer effec-
tiveness questions. Measurements collected
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upstream and downstream of the management
practice can also be utilized to understand
effectiveness of management practices and
strategies. Reach scale monitoring efforts are
point measurements that can be aggregated to
larger scales depending on sample design,
budget and time. Example questions include:

1. Have shade levels increase as a result of
modifying riparian vegetation from grass
and shrubs to trees?

2. How much have shade levels increased
over the next 5, 10, 15, and 20 years?

The study design would consist of measuring
shade levels before the treatment, then after
the treatment at 5-year intervals. The data
would be collected in one reach (Figure 14-3:
sites B, C, or E).

Comparing Shade Under Different Manage-
ment Strategies
The user may be interested in monitoring the
effectiveness of different management activi-
ties along different stream reaches. Under this
scenario the study reaches should have the
same vegetation potential, valley and channel
type. This assures the project is testing the
effects of the management practices and not
inherent differences that would have occurred
with or without management. Example
questions include:

1. How do the shade levels in an unmanaged
or “reference” reach compare with treated
agricultural reaches?
The study design would establish sample
reaches along reference and treated
reaches. Average shade or cover along the
reference reach E (Figure 14-3) are then
compared with average shade from
reaches B and C.

A

B

D

E

C

Reach Descriptions 

A – untreated grass and shrub riparian 

area, pasture grazed by livestock

B – treated riparian area by fencing and 

planting trees and excluding livestock 

grazing

C – treated riparian area by fencing and 

planting trees and allowing rotational live-

stock grazing

D – untreated riparian area with shrubs 

and trees, amount of shade is below its 

potential amount

E – untreated riparian area with trees and 

some shrubs, considered to represent the 

amount of shade that A, B, C, and D could 

attain (a.k.a. reference reach, see Chapter 

3, page 4, for the criteria of reference 

sites). 

Figure 14-3. Schematic of theoretical monitoring reaches.
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Watershed Scale Questions and Analyses

Multiple Reach Analyses for Watershed
Trends
Monitoring efforts at the watershed scale can
look at effectiveness of treatments within the
context of the larger system (e.g. percent of
stream miles shaded, downstream effects). It
is also useful for understanding trends, condi-
tion, and disturbance regimes. The watershed
scale is a particularly important scale for
examining historic watershed processes and
how the disturbance regime has shaped the
current condition. Finally, the watershed scale
is essential to examining cumulative effects
of natural disturbances (flood, fire, etc.) and a
variety of practices (urban growth, roads,
vegetation changes, etc.).

Watershed level questions might seek to
understand trends in shade levels throughout
the basin, how those change over time, and
how management affects those trends. Ex-
ample questions include:

1. What percentage of streams in the water-
shed have desired shade levels?

2. How do shade levels change over time?

3. Are there streams in the watershed with
significant shade deficits relative to
established reference conditions?

4. How do restoration and other manage-
ment activities affect shade levels?

The study design would establish sample
reaches distributed throughout different
channel, valley, and vegetation types to
account for the natural variability within
the watershed. The samples have to be
numerous enough to provide a reliable
estimate of watershed condition. Average
shade or cover can them be compared
between multiple reaches. Results can
also be reported in terms of what percent
of the watershed is in a given shade
condition for each of the channel, valley
and vegetation types. For example, 20%

2. How does the shade level of one treated
agricultural site compare to the other?

The study design would establish sample
reaches within two differently managed
agricultural reaches. Effectiveness of
treatments is evaluated by comparing
shade or cover between reaches B and C
(Figure 14-3).

Comparing Management Strategies on
Streams with Different Channel, Valley, or
Vegetation Types
Sometimes the channel, valley or vegetation
type has a greater effect on shade levels than
the management strategy. In this case, the
same management strategy can be applied to
different stream channel types to determine
the influence of other environmental condi-
tions. For example a channel with steep
valley walls might have greater shade than a
channel with a wide floodplain even if the
management practices are the same. Like-
wise, similar treatment strategies on different
vegetation types (i.e. fir versus pine, willow
versus cottonwood) may result in different
shade levels. In this case, the channel types
must be the same, but the vegetation types are
different. Example questions include:

1. Will the riparian treatment make a greater
difference for valley-bottom streams than
it will for narrow-valley streams?

2. Do vegetation treatments in a white fir-
dominated stand result in different shade
levels than in a pine-dominated stand?

The study designs would establish sample
reaches along streams with similar man-
agement activities but with different
channel, valley or vegetation types.
Average shade levels are then compared
between reaches.



Stream Shade and Canopy Cover 14-10 Water Quality Monitoring Guidebook
Version 2.0

of the streams sampled are providing their
maximum amount of shade possible, 60%
are providing half of their potential, and
20% are providing 1/3 of their potential.
Changes in shade over time can be
tracked by repeating the measurements
over time. Finally, the effectiveness of
management activities can be evaluated
by nesting pre-management and post-
management sample reaches within the
study design.

Regional Scale Analyses

Regional scale monitoring efforts are typi-
cally used to monitor trends in resource
condition over large geographic areas (Pacific
Northwest, State of Oregon) and long time
periods (e.g. decades). This type of monitor-
ing requires large sample sizes collected over
long periods of time. While monitoring at the
regional scale is beyond the scope of this
document, an awareness of the approach is
valuable since regional monitoring efforts
might draw on local efforts.

To address questions posed at this scale, the
site selection needs to be probability based. A
spatially balanced probability design distrib-
utes sample sites across the landscape, so that
each stream segment has an equal chance of
being sampled within the area in question. As
an example, The Oregon Department of Fish
and Wildlife, Oregon Department of Environ-
mental Quality and U.S. Environmental
Protection Agency have randomly selected
sites across the landscape to monitor stream
health and fish populations. This is part of the
statewide monitoring of the Oregon Plan for
Salmon and Watersheds. The sample sites
were selected using a Random Tessellation
Stratified Design (Stevens, 1997). Sites were
distributed such that inferences can be made
for Gene Conservation Areas and the coast as
a whole. However, because of the sampling
design, data from these studies cannot be used
to make inferences at smaller scales such as
watersheds.

Selecting A “Representative” Reach

All sampling designs proposed in this chapter
require multiple measures of shade or cover
within a stream reach. A stream reach that
represents the shade or cover conditions to be
monitored is called a “representative” reach.
This manual proposes three main characteris-
tics to consider when choosing representative
reaches. They include:

1. Channel Type: gradient, width, depth,
constraint within the valley, substrate,
sinuosity, etc.

2. Vegetation Type and Size: conifer, hard-
wood, mixed tree, shrub, grassland, size
based on diameter and height,

3. Treatment or Management Strategy:
examples include fencing and planting
with livestock exclusion, fencing and
planting with rotational grazing, increas-
ing percentage of conifers and reducing
hardwoods (and vise versa), reference
(represents potential future condition), no
activity, forestry BMP’s

The OWEB Watershed Assessment Manual
(WPN 1999) describes classification methods
that can be used to define vegetation type and
channel type. Some variability is likely, but
no major changes in channel type, vegetation
type, or management strategy should occur
within the reach of stream that is going to be
monitored. This helps to assure that the
results are “representative” of the condition
being monitored. The stream should be
surveyed prior to monitoring to determine
where the major changes occur. The survey
results define the maximum extent of the
reach. The sample reach can be placed any-
where within the “representative” reach and
may be determined based on where the
management strategy has been implemented.

Selecting A “Reference” Reach

Reference reaches can be established to
document comparisons for “optimal” or
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‘desired” conditions. Typically reference
reaches represent the best available condi-
tions and have minimal levels of anthropo-
genic disturbance.  Reference reaches should
be selected to represent variable disturbance
regimes that can be tracked over time. Be-
cause of the great variability that exists in
riparian characteristics throughout the state, it
is important to recognize that each reference
reach represents one possible condition that
will change over time. Selecting a reference
site is described in detail in Reference site
selection: A six step approach for selecting
reference sites for biomonitoring and stream
evaluation studies. Technical Report BIO99-
03 (Mrazik 1999).  It is also discussed in
Chapter 3 of this guidebook.

Sampling Designs

Sample designs vary somewhat depending on
the scale of interest and the type of monitor-
ing question that is being asked. This chapter
proposes a design based on a reach with
consistent vegetation and channel types. Once
the representative reach has been identified,
the next step is to delineate the “sample”
reach within the representative reach to be
measured and determine the number of
samples that will be collected (Figure 14-4).

The length of the “sample” reach is calculated
by multiplying the average wetted width by
40. Studies indicate that this length of stream
is necessary to adequately describe stream
habitat and biology (Kaufmann and Robison.
1998), although the number and configuration
of measurements may be different depending
on the needs of particular studies.

Procedure for Establishing The Sample Reach
1. Survey the reach of interest to determine

where the major changes in vegetation,
management, or channel morphology
occur. Shifts in these characteristics
define the upper and lower limits of the
representative reach.

2. Estimate the average wetted channel
width by taking a few measurements
during step 1.

3. Multiply the average wetted width by 40.
This is the length of your sample reach.

4. The sample reach can be randomly placed
within the reference reach, or established
at a location which satisfies the objectives
of the study.

5. Divide the sample reach length by 10 to
determine the distance between transects.

6. Transects are placed perpendicular to
streamflow, numbered sequentially, and
can be marked with labeled flagging (i.e.
Deer Creek Station 1).

7. Beginning at one end of the sample reach,
shade or cover measurements are taken at
11 evenly spaced transects. This sample
scheme can be used for analyzing indi-
vidual reaches, comparing one reach to
another, and analyzing multiple reaches at
a watershed scale.
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Scale

– Reach

Types of Monitoring

– Effectiveness of water quality manage-

ment plans

Selecting a Reach

– Consistent channel, vegetation, and man-

agement

Sample Scheme

– Sample length= 40 x channel width

– 11 evenly spaces shade measures

=sample

=representative reach

Scale

– Comparing multiple reaches

Types of Monitoring

– Effectiveness

– Comparisons under variable conditions

Selecting a Reach

– Different management strategies in 

streams with similar reach types

Sample Scheme

– Sample length= 40 x channel width

– 11 evenly spaces shade measures

Scale

– Watershed

Types of Monitoring

– Trend over time and space

– Baseline

– Statue

Selecting a Reach

– sample reaches within similar channel 

and vegetation types

Sample Scheme

– 30-50 sample reaches per channel, vege-

tation and management typesshaded areas indicate

different channel types

Figure 14-4. Study designs for different scales of
interest and different types of monitoring.
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This method measures canopy cover at 11
evenly spaced transects over a length of
stream 40 times the channel width with a 150-
meter minimum reach length. Six canopy
measurements are taken at each transect. Four
measurements are taken facing in different
directions from the center of the stream and
one is taken at each stream bank.

It is important to consider the seasonal flow
and riparian vegetation conditions when
measuring cover using this method since
stream widths and deciduous vegetation cover
measurements will differ seasonally. Ideally,
measurements would be taken during sea-
sonal low flow periods each time to minimize
the effects of varying wetted widths. Low
flow conditions are usually a time of critical
temperature stress to aquatic organisms and
stream shade is important. Also, measure-
ments should be taken during a time of year
when deciduous plants have leaves. Usually
canopy measurements will not vary during
the low flow season unless the canopy is
predominantly rapidly growing vegetation.

The densiometer reflects vegetation to the
sides as well as overhead. Multiple measure-
ments taken in different directions from the
same point will overlap vegetation measure-
ments on the sides. The method described
here is a modification of the instructions that
come with the densiometer that corrects for
this bias by using only a portion of the mirror
surface.

Equipment

1. Convex spherical densiometer (Model A)
2. Tape measure
3. Flagging
4. Forms for recording data

Procedure

1. Tape the densiometer mirror exactly as
shown in Figure 14-5.

Field Methods

This section describes how to measure shade
and cover using six different tools or meth-
ods. The user will need to determine which
tool best fits their needs. What follows is a
comparison of the different methods and then
a detailed description of how to apply each
method. No matter which field method is
decided upon, the physical setting of the
stream needs to be described as well. A list
and brief description of ancillary data collec-
tion is provided later in the chapter.

Method Comparison

All the tools presented in this manual basi-
cally do the same thing: measure the propor-
tion of sky that is shaded by vegetation or
topography. Which tool you choose depends
on several factors including ease of use, cost,
level of data precision desired, and the ques-
tions asked of the monitoring data. Table 14-1
is designed to help you make your choice.
Each method is later described in detail in this
chapter.

Densiometer

The procedure described in this section uses a
densiometer to measure stream canopy cover.
The device used in this procedure is a spheri-
cal convex densiometer Model A (Lemon
1957). The procedure is taken from the
Environmental Monitoring and Assessment
Program monitoring manual for streams
(Kaufmann and Robison 1998), that is de-
rived from Platts et al. (1987).

The densiometer is a small, convex, spherical
mirror with an engraved grid that reflects the
canopy over the stream. Canopy cover is
measured by counting the grid intersections
covered by vegetation.  Measurements are
taken by holding the densiometer level and
0.3 meters above the surface of the water.
This standard height helps to minimize the
potential to get different results from people
of different heights and to include the contri-
bution of low hanging vegetation to stream
cover.
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2. Following the procedures described in the
study design section of this chapter (page
12) establish 11 evenly spaced transects
along the sample reach (Figure 14- 6).
Transects can be flagged ahead of time, if
desired.

3. Stand on the transect at mid-channel
facing upstream.

4. Hold the densiometer 0.3 meters above
the water surface.

5. Hold the densiometer so that it is level
using the level bubble indicator and the
top of your head just touches the point of
the “V” as in Figure 14-5.

6. Count the number of points covered by
vegetation. Values will be between 0 for
completely open and 17 for completely
covered canopy.

7. Record the value on the canopy cover
form under “Center-UP” (Figure 14-7).

8. Repeat steps 7 through 9 at the channel
center facing towards the right bank,
downstream and left bank. Record on the
canopy cover form. (Left and right direc-
tions when facing downstream.)

9. Stand on the transect with the densiometer
0.3 m from the left bank. Repeat steps 7
through 9 and record on the canopy cover
form.

10. Repeat for the right bank. At this point
you should have six measurements for the
transect: four from the center and one at
each bank.

11. Repeat steps 7 through 14 for each
transect and record on a separate line of
the canopy cover form (Figure 14-7).

 12. Canopy cover is usually represented as
an average percent for either the center or
margins separately or combined for a
single canopy cover measurement for the
stream reach.

Figure 14-5. Schematic of modified convex
spherical canopy densiometer. In this example, 10
of the 17 intersections show canopy cover, giving a
densiometer reading of 10. Note proper positioning
with the bubble leveled and the head reflected at
the apex of the “V.” (Mulvey et al. 1992).

Figure 14-6. Study reach with 11 sample transects
and example of 6 densiometer measurements taken
at each transect.
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Complex Channels: Islands, Bars and Side
Channels
Sections of streams with side channels, mid-
channel bars or islands, or complex braided
channels are treated differently. In part, it
depends if a bar or an island forms the side
channel. Bars are stream channel features
below the bankfull flow height and may be
dry during summer field surveys. Bars are
wet during bankfull flows. Islands are chan-
nel features that are as high or higher than the
bank full flow height. Islands are dry during
bank full flows. Bars are considered part of
the wetted channel and densiometer readings
are taken over bars and boulders, just as if
they were a part of the wetted channel.

Island-formed side channels are treated
differently than those created by bars. Visu-
ally estimate the percent of flow in the
smaller side channel. No canopy measure-

ments are taken on the side channel if the side
channel carries < 15% of the total stream
flow. If the side channel carries >16% of the
steam flow, then six densiometer measure-
ments are taken on the main channel and an
additional six are taken on the side channel.
Extra transects are designated as “X1”, “X2”,
etc. on the canopy cover form (figure 14-5).

Data Analysis
The 66 densiometer measurements for the
stream reach are typically analyzed separately
for the stream center and margins. The 44
center channel measurements are averaged
and reported as a percent of total possible
stream cover. The center channel average is
more independent of seasonal flow changes
than the margin measurements and is a better
overall indicator of stream cover. The average
percent cover of the 22 stream margin mea-
surements is a better indicator of riparian
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vegetation density and is independent of
stream size.

Measurement Precision
Precision of densiometer measurements can
be evaluated by repeating canopy closure
measurements at the same site with a second
field crew. Measurements can be repeated on
or close to the same day as the first measure-
ment, or can be repeated later in the study to
evaluate seasonal changes within the survey
period.

Figures 14-8 and 14-9 present 23 repeat
densiometer measurements at 20 sites. These
sites were a random sub-sample of a survey
of approximately 200 first through third order
streams in forested watersheds in western
Oregon. Of the 23 repeat measurements 9
were conducted on the same day and 14 were
conducted within the same July to September
survey season. Seasonal repeat measurements
were separated by at least one to two months.
Repeat measurements were taken indepen-
dently by different workers.

Figure 14-8 represents the reach average
shade based on measurements taken along the
stream margin and Figure 14-8 represents the
reach average shade based on measurements
taken along the center of the stream. The
measurements were taken on 11 evenly
spaced transects as described above. The
diagonal solid 1:1 line represents repeat
values that agree exactly.

The graphs indicate that measurement
variability is partially a function of the
amount of canopy closure. Replicates tend to
be closer together when the stream is either
very heavily or very sparsely canopied.
Replicates tend to be further apart at more
intermediate levels of canopy cover <80%
and >20%.

Figure 14-8. Comparison of repeat densiometer
measurements taken in the center of the channel
only. Points represent reach averages from western
Oregon.  (Provided by M.Mulvey, DEQ)

Figure 14-9. Comparison of repeat densiometer
measurements taken along channel margins only.
Late and early season designation on axis titles
applies to seasonal duplicate measurements only
and not same day duplicates. Points represent
reach averages from western Oregon. (Provided by
M. Mulvey, DEQ)
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Overall, replicate measurements differed by
an average of less than 9% for forested
western Oregon streams reported here (Table
14-2). Surprisingly, there appears to be little
difference between precision of repeat mea-
surements taken at different times in the
season and repeat measurements taken on the
same day.

Clinometer

This method describes the use of a clinometer
to measure the angle between the stream
channel and the vegetation or topography that
is providing cover. This procedure is taken
from the Oregon Department of Fish and
Wildlife Methods for Stream Habitat Surveys
(Moore et al. 1997).

The clinometer is a small handheld device
used to measure the slope of a surface in
degrees or percentage. Both scales are pro-
vided within a single view. Therefore, caution
must be exercised to reference the desired
scale. The clinometer method described in

this section is used by ODF&W in conjunc-
tion with stream habitat surveys to determine
percent cover angles. Cover angels measured
in this way are also used in stream tempera-
ture models when the direction of measure-
ment is known (i.e. azimuth). The clinometer
can also be used to measure channel slope
and define bankfull and flood prone areas of
the stream during the habitat surveys.

The clinometer is used to measure the angle
from the center of the stream to a point that
provides cover to the stream on both the right
and left banks. Stream cover is calculated as
the percent of a 180-degree arc over the
stream that is covered by either vegetation,
and or blocked by topographic features such
as hillslopes or high terraces.

Equipment
1. Clinometer (SUUNTO® self dampening

clinometers are most commonly used)

2. Data sheets

Procedure
1. Following the procedures described in the

study design section of this chapter (page
12) establish 11 evenly spaced transects
along the sample reach.

2. Stand in the center of the channel and face
to the left (relative to the downstream
direction).

Figure 14-10. Use of the clinometer to estimate topographic (30°) and vegetative shade (55°) angles.

yponaCtaepeRniecnereffiDnaeM.2-41elbaT
tnemerusaeMerusolC

denibmoCsyaDtnereffiD/emaS

syaDtnereffiD

yaDemaS

ylnOsnigraMlennahC %5.11 %5.6 %5.8

ylnOretneClennahC %3.9 %6.7 %3.8



Stream Shade and Canopy Cover 14-19 Water Quality Monitoring Guidebook
Version 2.0

3. Identify the top of vegetation that is
providing cover to the stream. This is the
vegetative cover target. Identify the top of
the topographic feature that is providing
cover to the stream. This is the topo-
graphic cover target (Figure 14-10).

4. Hold the clinometer to your eye and with
both eyes open look simultaneously
through the lens and along side the hous-
ing. A horizontal sighting line will appear.
Raise the sighting line to the vegetative
cover target. Read and record the cover
angle in degrees (the left side of the scale
inside the clinometer) which is closest to
the sighting line.

5. Repeat step 4 for topographic cover, and
for the right, upstream and downstream
directions.

6. Repeat steps 4 and 5 at each of the eleven
transects.

Data Analysis
The data can either be used as a degree
measurement or converted to percent cover.
Conversion to percent shade is calculated as a
percent of the 180-degree arc. Typically the
data from the eleven transects are averaged
for the reach.

Precision
Depending on site conditions, clinometer
measurements can be highly variable within a
sample site or reach. Stream cover measure-
ment precision can be evaluated through
repeat site measurements from a second field
crew. Figure 14-11 presents repeat cover
measurements for 52 randomly selected
sample reaches monitored in 1998 and 1999
between June 15 and September 15. Each
plotted point represents an average for the
sample reach where 20 or more clinometer
measurements were taken. Overall stream
cover measurements differed by an average of
6.5%. Repeat measurements were not taken
on the same day, but were conducted within
the same June 15 - September 15 sampling
period.

Figure 14-11. Comparison of repeat cover
measurements using a clinometer. (Provided by
Barrry Thomm, ODF&W)

Hemispherical Photography

Hemispherical canopy photography is a data
collection technique for recording tree cano-
pies and understory vegetation from beneath a
canopy looking skyward. The method pro-
vides a means to record a precise and perma-
nent record of tree canopy cover in relation to
the sun’s path. The photographs are analyzed
using a computer software package to deter-
mine percent shade. Fisheye photography has
been used for many years.  Although it hasn’t
been until relatively recent advances in image
digitization and integrated computer image
analysis systems that it has become a viable
monitoring and research tool.

Photographs are taken with a standard 35mm
or digital format camera fitted with a hemi-
spherical (fisheye) lens, and secured in a
“self-leveling” camera mount that is sup-
ported by a tripod or monopod. Such hemi-
spherical photographs provide an extreme
wide-angle view, with up to 180° (horizon to
horizon) and 360° (horizontal) field of view.
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Figure 14-12. Examples of hemispherical (fish-eye) photographs taken at a site in the Coast Range (left) and
at a site in Eastern Oregon (right) (ODF unpublished shade study).

These photographs (examples in Figure 14-
12) can then be analyzed to determine the
geometry of canopy openings, and, in turn, to
estimate light levels beneath the canopy.
Therefore, canopy photographs can be used to
assess shade. These photos can be put into
digital format and analyzed by a computer
software program. The program overlays the
sun’s path on the photograph and calculates
percent of the total solar radiation that is
reaching the stream’s surface. Canopy pho-
tography can be used to monitor management
activities and as a ground-truth technique for
studies of plant canopies using remote sens-
ing from aircraft and satellites.

Although this method is more expensive
because of initial equipment and software
costs, it does afford a proportionately higher
degree of accuracy and repeatability. This
method allows the data collector to gather
data at varying heights for studying relations
between understory and tree canopy influence
on light penetration.

Equipment
The basic array of equipment required for
capturing tree canopy images suitable for
analysis with software programs such as
HemiView© is not a great deal different than
is used for standard, high quality photogra-
phy, with the exception of the last two items
in the following list.

1. A single lens reflex camera such as a
Nikon FM2 or suitable digital format
camera

2. Handheld light meter
3. Mono-pod(s) or tripod (dictated by

particular application)
4. Remote shutter release
5. Hard case—for protection of camera/

mount assembly
6. 100-400 asa film
7. Lens cleaner
8. 180° fisheye lens such as the Sigma

8mm, F4, fisheye
9. Self-leveling camera mount with affixed

compass
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Procedure
1. Create a checklist to use prior to going in

the field to confirm that you have all of
the necessary equipment and supplies,
that it is all in good condition, and that it
is assembled properly.

2. Put a new role of film in the camera for
each new sample reach even if only half
of the roll is used. (If an exposed roll is
destroyed, no more than one set of photos
is lost.). If a digital camera is employed,
download and “save” often.

3. When you arrive at the site take the first
photo of a sheet of paper containing
pertinent site information, i.e. site name,
ID number, date etc. This reference photo
is a precaution which will help identify
the photo series should other identifica-
tions (some cameras provide a databack
feature which will identify the photo) be
switched or lost. If using a digital camera
this step can be omitted since each image
has an associated date and time that can
matched up tot he field notes.

4. Establish eleven evenly spaced transects
along the sample reach as described in the
study design section of this chapter (page
12).

5. At the first transect set the shutter speed
and f-stop based on the use of a handheld
light meter. The internal light meter built
in to most cameras is nearly impossible to
use for tree canopy photography! Use the
same shutter speed throughout all stations
and use f-stop setting of one “stop” lower
than light meter indicates. This will
produce a slightly under-exposed image
for more contrast between open sky and
other “features”.

6. Mount the camera on the monopod and
self-leveling mount or tripod, with the
camera pointed skyward.

7. Position the camera at the sampling point
with the top of the camera oriented to
Magnetic North such that the camera is 3
feet above the water surface. Make sure
the camera is steady and the self-leveling
framework has stopped moving then
trigger the shutter.

8. Step 7 can be repeated at different heights
to determine influence of shrubs versus
overstory canopy. Be sure camera shutter
is “set” before setting up for photos being
taken at a height which places the equip-
ment out of reach.

9. Record photo series data on a field data
sheet (Figure 14-13, example) which
contains fields for all information perti-
nent to your database design.

10. Repeat steps 7 – 9 at each of the eleven
transects.

Photo Processing and Analysis
When it comes time for film processing,
choose a reliable film processor and make
sure they understand, and agree, to accommo-
date all photo quality and identification
requirements. Attention to photo series
documentation/identification cannot be over
emphasized.

Photo prints must be scanned to produce
digital images for analysis with pc software
packages while images from digital cameras
need no further processing. Either digital
image is adequate provided the highest
resolution practicable is used—consideration
should be given to image-file size and file
storage capabilities when choosing image
resolution.

Photo analysis procedures, as well as com-
puter system requirements, are unique to each
photo analysis software package. Consult
each publisher’s software documentation for
details. In general, the software package
overlays the sun’s path for a particular lati-
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tude and longitude, and day of the year.
Percent shade is calculated as the proportion
of available radiation to the amount that
reached the stream’s surface. Outputs are

available for diffuse, direct, and total radia-
tion as well as canopy cover. Table 14-3
shows examples of some output values from
HemiView©.

Figure14-13. Sample field data form for recording
hemispherical photography field data.
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Table 14-3. Sample of some of the output values with HemiView© analysis software.
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Shade measurement using the Solar
Pathfinder©

A Solar Pathfinder is used to measure shade
in a manner that considers characteristics of
solar radiation such as latitude, solar azimuth,
time of day and season while integrating local
features including channel aspect, topography
and streamside vegetation. Solar Pathfinder is
a field instrument that consists of a tripod,
base, and reflector dome (Figure 14-14). The
reflector dome is transparent plastic and
reflects the image of nearby topography and
vegetation (Figure 14-15).  A paper sun path
diagram for horizontal surfaces is placed on
the Solar Pathfinder base under the transpar-
ent dome. This allows an observer to estimate
the percent of total daily radiation that is
shaded at a given location. When placed in a
stream channel, the Solar Pathfinder becomes
a convenient tool for estimating the amount
of solar radiation blocked or attenuated by
local topography and streamside vegetation.

The sun path diagram has 12 parallel sun path
arcs, one for each month of the year (Figure
14-16). Vertical lines that represent solar time
intervals of 30 minutes intersect these arcs.
These segments of each monthly solar arc are
assigned values that represent the percentage
of solar radiation available during each 30-
minute interval. The total value of all seg-
ments for a solar path arc is 100.  The values
vary by month as day length and solar azi-
muth change. For example, tracing the August
solar arc in the sun path diagram, it can be
determined that six- percent of total daily
solar radiation is available during the 30-
minute period of 11:30 to 12:00.  Following
the December solar arc it is apparent that 10
percent of the daily solar radiation is avail-
able during that same time period. Shade is
simply a tally of those sun path arc segments
that are partially or completely shaded. The
actual energy reaching the stream can also be
calculated.

The distribution of solar energy throughout
the day should not be confused with the
amount of solar energy that is available. The

amount of solar energy for an Oregon loca-
tion is actually much greater and more evenly
distributed throughout the day in August than
December. Solar energy information is
available in many cities where the National
Weather Service maintains monitoring sites.

This method measures shade at 11 evenly
spaced transects over a reach length of 40
times the wetted width with a 150-meter
minimum reach length. One midchannel
measurement is taken on each transect. Solar
pathfinder measurements for all 11 transects
are averaged to determine shade on the
stream reach.
Detailed instruction on Solar Pathfinder use is
available in the instruction manual that
accompanies the device, and in Platts et al.,
1987. This document is not a substitute for
the Solar Pathfinder manual, but provides
additional guidance for shade data collection
and stream assessment purposes.

Figure 14-14. Solar Pathfinder Apparatus
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Figure 14-15. Trees and other shade producing
features are reflected on the Solar Pathfinder
dome. The transparent dome allows the user to see
the sunpath diagram placed on the base of the
instrument.

Figure 14-16. Solar Pathfinder sunpath diagram
for latitudes 43o to 49o N.

Equipment

1. Solar Pathfinder
2. Tape measure
3. Wax pencil
4. Field form
5. Field notebook for recording general

observations

Procedure
1. Select the appropriate solar path chart for

your location, 37o to 43oN in Southern
Oregon or 43o to 49oN in other Oregon
locations (these are purchased from Solar
Pathfinder).

2. Ensure the sun path diagram is corrected
for compass declination for your location.
Declination correction for Oregon ranges
from 17o to 19o east as shown on page 12
of the Solar Pathfinder Manual. Release
and rotate the center pivot counter-
clockwise to set the declination if neces-
sary.

3. Establish 11 evenly spaced transected
along the sample reach as described in the
study design section of this chapter (pg.
12).

4. Record the date, time, site name, transect
number, stream wetted width, and names
or initials of field personnel on the back
of a sun path diagram.

5. Place the labeled sun path diagram on the
base of the Solar Pathfinder.

6. Place the Solar Pathfinder in the center of
the stream.

7. Orient the Solar Pathfinder to south using
the compass attached to its base.

8. Level the Solar Pathfinder using the level
attached to its base.

9. Trace the silhouette of the shade produc-
ing features on a sun path diagram using
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the white pencil as described in pages 6
and 7 of the Solar Pathfinder Manual.
This provides a permanent record of
shade and results can be tabulated in the
office.

10. Repeat steps 5 through 10 at each transect.

Data Analysis
Determine the percent shade for the month of
interest by totaling the values for each shaded
segment on the solar path arc for that month.
An estimate of shade is made for a 30-minute
segment when it is partially shaded by topog-
raphy or vegetation. For example, if two-
thirds of the 30-minute segment on the Au-
gust solar path is shaded, multiply the total
value for the segment (printed on the sun-path
diagram) by 0.66 to determine shade for that
period. Thus, the August sun path arc indi-
cates that 6% of the daily solar energy occurs
during the 30-minute period of 1:30 to 2:00.
Shade for the half-hour interval is determined
by multiplying 6 by 0.66. The value is
rounded to 4 and added to the shade tally. The
final shade value is recorded on the back of
the sun path diagram and on appropriate field
data sheets. Average the 11 shade measure-
ments to determine percent shade for the
stream reach.

Precision
Measurements should be repeated at 10% of
sites to document reproducibility within and
among field teams. Experienced field staff
can produce duplicate shade measurements
within 5% of one another.  Figure 14-17
illustrates duplicate shade measurements
made by different observers. The average
difference in Solar Pathfinder shade values at
seven sites was less than 3% shade. When
shade measurements were repeated at nine
sites after two months, the average difference
in shade was 7% (Figure 14-18).

Figure 14-17. Duplicate solar pathfinder shade
measurements at seven sites. (Provided by Dennis
Ades, DEQ)

Figure 14-18. Comparison of Solar Pathfinder
“August” shade measurements taken at the same
locations in May and July. (Provided by Dennis
Ades, DEQ)

Photo Documentation

Photographs are an important element in any
monitoring program, as they can illustrate
changes that other methods of sampling might
not describe. A detailed photo record can help
landowners and managers alike to document
change, observe trends, and evaluate the
effectiveness of a management plan.
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used, but must be driven flush with the
ground to prevent damage to hooves/feet
and tires. A metal detector will be re-
quired to relocate them. Spray paint will
improve the visibility of the fence posts,
and metal tags can be used to record the
site name and camera point number.

3. Set up your camera and tripod. A 35mm
camera is recommended for photo moni-
toring. Use a consistent camera format,
which is the combination of the body
image size and the focal length of the
lens. You have three choices when decid-
ing the type of film you want to use: color
slide film, which is good for presenta-
tions, color prints, and black and white
film, which is good for reports when
photocopies will be made. A tripod will
help you to take clear, consistent photo-
graphs, although it is not necessary.

4. Take a compass bearing between the
camera and photo points and record. This
bearing will be used when subsequent
photos are taken to assure that the photo-
graphs are taken in the same direction and
enable comparisons between photographs.

Figure 14-19. The above diagram illustrates the
relationship between the camera point, where the
camera is located and the photo points, which are
the center of focus for the picture. The arrows
indicate the distance and direction between the
camera and photo points; be sure to record this
information in your field notes.

Equipment
While photo monitoring is relatively easy,
there is a specific list of equipment that you
will need for it to be effective:

1. Permanent Markers*
2. Metal Tags*
3. Hammer*
4. Spray Paint
5. Camera
6. Film
7. Tripod (optional)
8. Profile Board
9. Photo Identification Board
10. Compass
11. Measuring Tape
12. Maps
13. Field Notes
14. Filing System

*These items will be needed only for the
initial setup of your monitoring sites.

Procedure
1. Establish Camera Points and Photo

Points. The camera point refers to the
location of your camera, and the photo
point is the center of focus of the picture,
as illustrated in Figure 14-19. Establishing
the site for photo documentation might
differ from the other field methods de-
scribed in this chapter depending on what
is being monitored. You will need to
choose a monitoring site that is represen-
tative of the area you want to monitor.
Also be aware of the variability of the
streams and stream channels when locat-
ing your points. Flood damage and ero-
sion may result in the loss of points
located too close to the stream bank.

2. Permanently Mark the camera and photo
point. Because you will be returning to
the same site to repeat photographs, it is
important to permanently mark your
camera and photo points. Metal fence
posts are recommended because they are
cost-effective, visible and relatively theft-
resistant. Rebar or metal stakes can be

Photo Points

Camera Points
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5. Measure and record the distance between
the camera and photo points. When
subsequent photos are taken make sure
the same distance is used.

6. Measure the height of the tripod. When
subsequent photos are taken make sure
the same tripod height is used.

7. Take a picture of the photopoint with a
profile board and photo identification
board included in each picture. A profile
board like the ones shown in Figures 14-
20 is a plywood board, marked with a
scale, generally one or two meters in
height, that is used to provide a reference
of vegetation changes over time. A photo
identification board like the one shown in
Figure 14-21, should be used to display
basic information such as the date, site
and photo point number. Although bright
blue paper is ideal, a small chalkboard is
suitable. Avoid white paper as it does not
photograph well.

8. When to take pictures. When you take
your photographs depends on what you
want to monitor. You may want to con-
sider a fixed date or dates, which would
allow you to compare both seasonal and
annual differences in plant development.
A fixed date would also give you the
opportunity to compare the changes in the
vegetation over several years, as your
collection of information grows. Pictures
taken upstream, downstream and across
the channel are helpful and provide a
good view of the channel, bank and
riparian vegetation.

Study Reach, June 15, 1975.

Study Reach, June 15, 1981. (Photographs courtesy of

Fred Hall.)

Figure 14-20. These photographs taken at the study
reach in 1975 and 1981 capture the increased shrub
growth, but they also illustrate the importance of
considering future vegetation growth when
choosing your meter board position to avoid losing
your reference site.

9. Maps and Field Notes. You should have
two sets of maps, a general overview to
locate your monitoring sites, and a site
map with your camera and photo point
locations. The information on your data
form should include the photopoint
number or name, the name of the photog-
rapher, and the date and time the picture
was taken. Describe the use of the cam-
era, lens, film type, and height of tripod

(if used). Provide a description of the
location (as detailed as possible), and
notes on vegetation, weather, and other
conditions. Leave room on your form to
sketch a diagram of the area, showing
direction of stream flow, and prominent
features, like boulders and stumps. Fig-
ures 14-22and 14-23 are sample Photo-
graphic Site Description and Location and
Camera and Photo Point Locations forms
that can be copied for use in the field.
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Precision
The most important thing to remember in
photo point monitoring is to be consistent.
Use the same camera (if possible), be sure the
focal length is consistent, and use the same
film. Take pictures from permanent camera
point locations, and make sure the distance
and direction between the camera and the
photo point stays the same. Be sure to take
pictures at the same time each year for good
comparison. Furthermore, detailed notes and
a filing system that will keep all of your
information in one place will be very benefi-
cial when comparing change over time.

10. Filing System. It is a good idea to have a
container or file folder that will hold all
the information from a site; maps, notes,
negatives, extra set of prints, slides, etc. A
pocketed three-ring binder will hold field
notes and pictures nicely. A helpful hint is
to label all of your prints and negatives
immediately after processing, while your
memory is still fresh.

Data Analysis
Photo monitoring does not provide a direct
measurement of shade or cover, but it is a
powerful, qualitative method for monitoring
the establishment, growth and maintenance of
riparian vegetation. When combined with
other monitoring systems, photo monitoring
can be a very effective communication tool.

Figure 14-21. Including an identification board (hand held) within the picture provides a permanent record
on your negatives of the site location and description, and will help to eliminate any confusion about the site
in the future
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Site Description and Location

Date:__________________________  Observer:___________________________________
Project: ____________________________________________________________________
Location Description (key features): ____________________________________________
____________________________________________________________________________

Weather: ___________________________________________________________________
Number of Camera Points: _________ Number of Photo Points:___________

Notes/Discussion:____________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________

MAP

Use back of sheet for additional information.

Figure 14-22. Site Description and Location form (Hall, 1999).
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Camera and Photo Point Locations

Date: ______________________ Observer: _______________________________________
Project:_____________________________________________________________________
Camera Location: ___________ Number of Photo Points:___________________________

Photo Point A:
Compass Bearing: ___________________
Distance: ___________________________
Notes: _____________________________

_____________________________
_____________________________
_____________________________
_____________________________
_____________________________

Photo Point B:
Compass Bearing: ___________________
Distance: ___________________________
Notes: _____________________________

_____________________________
_____________________________
_____________________________
_____________________________
_____________________________

Photo Point C:
Compass Bearing: ___________________
Distance: ___________________________
Notes: _____________________________

_____________________________
_____________________________
_____________________________
_____________________________
_____________________________

Figure 14-23. Camera and photo point locations form (Hall, 1999).
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Ancillary Data

Stream shade and cover monitoring efforts
are usually coupled with stream temperature,
channel morphology and/or riparian stand
monitoring activities. Chapter 6 of this guide-
book explains in great detail how to go about
stream temperature monitoring. What follows
is a brief description of some of the other
stream and riparian characteristics that can be
measured at the same stations where instream
shade or cover is being measured. A Salmon
Plan Monitoring Team workgroup has been
formed to produce a guidebook for monitor-
ing riparian characteristics.

• Hourly water temperature: Use continu-
ously recording temperature probes at the
downstream end of the reach monitored
for stream shade.

• Hourly air temperature: Use continuously
recording air temperature probes at
locations effected by the treatment being
monitored.

• Stream Flow can be measured using a
velocity meter and cross-sectional area.
Good to measure if also measuring stream
temperature.

• GPS locations: Can be measured at a
landmark or permanent plot marker.

• Buffer width: Distance from stream’s edge
to the outer edge of riparian vegetation.

• Buffer Height: Estimate average height of
riparian stand each side of the stream.

• Topographic shade angle: Using a clinom-
eter measure the angle to the highest
topographic source of shade (ridge top,
terrace) orienting yourself in four direc-
tions (upstream, left, right and down-
stream). This was discussed in this chapter.

• Wetted Width: Using a surveyors rod or
tape measure the width of the wetted
surface, subtracting mid-channel point
bars and islands that are above the
bankfull depth.

• Bankfull Width: Using a surveyors rod or
tape measure the width of the channel at
the average annual high water mark.

• Thalweg depth: Measure the deepest part
of the channel with surveyors rod or tape.

• Gradient: Measure the slope of the chan-
nel with a clinometer, survey rod and two
people. The downstream person finds eye
level on the rod. The upstream person
stands at the top of a riffle or pool holding
the rod level. The downstream person
stands approximately 100 feet down-
stream, at the top of a similar habitat unit
as the upstream person. Both are at the
water’s edge. The downstream person
looks upstream through the clinometer
aiming at the predetermined eye level on
the rod.

• Azimuth: Measured with a compass by
orienting yourself downstream and with
the direction of the valley (not a meander).

• Substrate: Estimate the percent of channel
bed composed of each size class of mate-
rial (Bedrock, bolder, cobble, gravel, sand
or fines).

• Valley width and constraint ratio: Use a
method (i.e. Rosgen) to categorize the
valley width and constraint ratio (channel
width/valley width).

• Dominant overstory species: Document
the species of tree which dominates
(tallest, and/or greatest in number) the
stand.

• Dominant shrub species: Document the
most common and shade-influencing shrub.
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• Diameter distributions: Measure diameter
at 4.5 feet above the ground on trees
within a given survey plot).

• Basal Area: Use the diameters to calculate
basal area.

• Stand health: Estimate the percent of
stand composed of dead, diseased, or
dying trees. Or when measuring diameter
document tree health.

• Activities within the riparian area: Use a
method to document, measure, or rate the
level of grazing, harvesting, development,
restoration or recreational activities taking
place in the riparian area.
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Equipment Vendors

Table 14-4 lists for the equipment described
in this chapter. The vendors table may not be
exhaustive, but rather lists vendors known to
the authors and is intended as a starting point
for the user. This list should not be interpreted
as an endorsement. Prices are approximate as
of May 2000. Please contact the vendor for
current and accurate costs.
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Contacts

Contacts for more information on riparian
monitoring are provided below.

Oregon Department of:

Agriculture
OPSW Monitoring Representative
(503) 986-4778

Environmental Quality
Volunteer Monitoring Coordinator
(503) 229-5983

Fish and Wildlife
Habitat Monitoring Coordinator
(541) 757-4263

Forestry
Forest Practices Monitoring Coordinator
(541) 929-3266

Oregon State University:

Department of Bio-resource Engineering
(541) 737-6299

Department of Rangeland Resources
(541)737-0923

Extension Program
(503) 566-2909
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Chapter 15

E. coli protocols

is easy to use, provides results in 24 hours,
and compares favorably with other methods
for quantifying E. coli. The IDEXX Quanti-
Tray 2000® MPN Method has a maximum
counting range of 2,419 E.coli per 100 ml on
undiluted samples. The maximum counting
range of the Quanti-Tray® MPN Method is
200 MPN/100 mL on undiluted samples. As
with other bacterial enumeration methods, the
counting range can be extended by serial
sample dilution. The Quanti-Tray 2000®

method is recommended for environmental
water samples because the 200 MPN/100 mL
maximum quantification of the Quanti-Tray®

method is less than the state E. coli standard
of 406 MPN/100 mL.

Colilert®-18 reagent produces results after 18,
rather than 24, hours of incubation, and
should be used with marine samples. Marine
samples must be diluted at least ten-fold
before analysis with Colilert®-18.

In brief, a water sample is mixed with the
Colilert® reagent and divided up into a series
of wells. After incubation at the optimal
temperature the number of positive wells are
recorded (the number which turn yellow and
the number which fluoresce under 365 na-
nometer (nm) ultraviolet (UV) light). The
number of positive wells depends on the
bacterial concentration in the original sample.
The actual bacterial concentration is read
from an MPN table based on the principle
that each well has a certain probability of
being positive.

Background

Escherichia coli (E. coli) bacteria are indica-
tor organisms; that is they are monitored in
surface waters because their presence indi-
cates fecal contamination is present. Because
it is not practical or feasible to test for all the
disease-causing organisms that can be present
in surface water, we use E. coli as an indica-
tor because it is commonly found in human
and animal wastes and is easy to quantify in
the laboratory. If E. coli is present above
certain levels, then other disease-causing
organisms may be present and a potential
threat to human health exists.

Over the years the choice of indicator organ-
ism used in water quality standards has
changed as new studies are performed to
determine which indicator correlates best
with human illness. The 1992-1994 Triennial
Water Quality Standards Review recom-
mended that E. coli replace enterococci as the
indicator for freshwater and estuarine/non-
shellfish producing waters and that fecal
coliform be retained as the indicator for
marine/shellfish producing waters.

This protocol explains the methods for
sample collection and use of the Quanti-Tray®

and Quanti-Tray 2000® MPN (most probable
number) Enumeration Test Procedure and
Colilert® reagent, both patented by IDEXX
Laboratories, Inc. The U.S. Environmental
Protection Agency (EPA) approved the
Colilert® procedure in 1990 and the Quanti-
Tray® addition in 1996. The substrate used in
the test contains two indicator compounds
(ONPG and MUG) that either produce a color
or fluoresce when metabolized by total
coliform or E. coli, respectively. This method
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Equipment and Supplies

All of the equipment and supplies can be
ordered directly from IDEXX Laboratories,
Inc. at the phone number 1-800-321-0207.

Item Catalog Number

Colilert® reagent packs for 100 ml samples WP020 (20-Pack)
Colilert® reagent packs for 100 ml samples WP200 (200-Pack)
Colilert®-18 reagent packs for 100 ml samples WP020-18 (20-Pack)
Colilert®-18 reagent packs for 100 ml samples WP200-18 (200-Pack)

Quanti-Tray Sealer WQTS-110 (110 Volt)
WQTS-220 (220 Volt)

Quanti-Tray/2000® WQT2K-100 (100 trays)
Quanti-Tray® WQT-100 (100 trays)

97-Well Rubber Insert WQT RBR-2K (use with Sealer)

Colilert® Comparator with Vessel WP104

Collection Bottles with thiosulfate WV120SBST-20 (20 per case)
120 ml WV120SBST-20 (200 per case)

Quanti-Cult® QC Kit WKIT-1001
Quality Control Bacteria (3 sets)

UV Viewing Cabinet WCM10

Incubator, 35°C WI300 (110 Volt/60Hz)
WI3001 (220 Volt/50Hz)

Fluorescent UV Lamp, 365nm WL160 (110V AC cord)
Or other 365 nm long wave UV lamp WEA160F (220V European cord)

UV Absorbing Safety Goggles WLG
Or

UV Absorbing Safety Spectacles WLS
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Calibration and Standardization

1. This equipment need not be calibrated,
although the incubator temperature must
be maintained within 0.5°C of 35C°
during incubation. Dry incubators may
need to be turned on at least 12 hours
before use to ensure that the temperature
is stable. The incubator temperature
should be checked and recorded daily
during periods of use.

2. For each batch of Colilert® reagent
(check Lot Number on package), follow
the quality control procedure provided
with the Quanti-Cult® QC Kit. This
involves inoculating three separate
bottles containing 100 ml of sterile water
with three different bacteria cultures and
following the test procedure explained in
the Methods section. The following
results should be obtained:

E. coli—yellow, fluorescent;
Klebsiella pneumoniae—yellow, not
fluorescent;
Pseudomonas aeruginosa—clear, not
fluorescent.

Methods

Refer to the instructions that accompany the
reagents and equipment.

1. Remove the lid from a 120 ml clean,
sterile bottle without touching the bottle
neck or cap threads. The bottle should
have a 100 ml fill line like the IDEXX
Collection Bottles listed in the equip-
ment and supply list, and adequate
volume to allow for vigorous mixing of
the sample. For chlorinated water, use
sample containers containing sodium
thiosulfate so that chlorine will be
neutralized.

2. After collecting sample, pour out excess
sample so that the final volume is ap-
proximately 100 ml. Tightly cap the

bottle and shake to dissolve the sodium
thiosulfate, if present. If the sample was
collected in a Whirl-Pak bag or a larger
sterile container, transfer 100 ml into a
clean, sterile bottle.  Sample transfer
should be done in the laboratory with a
pipette for sterile transfer.

3. If the sample E. coli concentration is
likely to exceed an MPN of 2,419 per
100 mL (200 MPN/100 mL for Quanti-
Tray®) or if the sample is saline, the
sample should be diluted with sterile
distilled water. Use an aseptic pipette to
transfer a portion of sample into a
prepared sterile dilution water blank. For
example, a ten-fold dilution is accom-
plished by transferring with a pipette 10
mL of sample into 90 mL of water. The
diluted sample is then capped, shaken
vigorously, and treated like a regular
sample.

4. Carefully separate one Snap Pack of
Colilert® or Colilert®-18 (for saline
water) reagent from the strip. Tap it so
that all of the powder is on the bottom of
the pack.

5. Open the Snap Pack by snapping back
the top at the
line. Do not
touch the
opening.

6. Add the reagent
to the 100 mL
water sample
(Figure 1).

7. Cap the sample
jar tightly without touching the bottle
neck or cap threads.

8. Shake the sample vigorously until the
reagent powder is dissolved.

9. Allow sample to sit undisturbed for a
few minutes to reduce foaming.

Figure 1
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10. Open the Quanti-
Tray or Quanti-
Tray/2000® and
hold it in one
hand in a U-shape
as you pour the
entire sample
into it, touching
only the foil tab
(Figure 2). Tap
the small wells
two to three
times to elimi-
nate air bubbles.

11. Follow the
manufacturer
instructions to
send the sample
tray in the insert
through the
sealing machine.

12. Incubate the tray filled with sample for
24 hours (with Colilert®) or 18 hours
(with Colilert®-18) at 35+/-0.5°C. Do not
overload incubators or water baths with
sample trays because samples will not
achieve proper incubation temperature.
The IDEXX incubator holds a maximum
of 12 trays, six on the bottom and six on
the shelf.

13. Prepare the comparator sample by
aseptically transferring the comparator
from the glass bottle to a sterile Quanti-
Tray® or Quanti-Tray/2000® and sending
it through the sealing machine. Record
the lot number and expiration date of the
comparator on the tray. Store the com-
parator sample in the dark between 4 and
30°C when not in use.

14. After 18 (for Colilert®-18) or 24 (for
Colilert®) hours of incubation, read and
record the results of the test.

• If the wells in the Quanti-Tray® or
Quanti-Tray/2000® do not have a yellow
color, the test is negative.

 • If the wells are yellow but a lighter
yellow than the comparator, the tray may
be incubated an additional four hours (no
longer than 22 or 28 hours total, respec-
tively, for Colilert®-18 and Colilert®) and
reexamined. If they are still lighter
yellow than the
comparator after
an additional four
hours of incuba-
tion, the test is
negative.

• Wells that have
turned as yellow
as the comparator
indicate the
presence of total
coliform bacteria
(Figure 4).

15. If the wells are at least as yellow as the
comparator, check each well for fluores-
cence (Figure 5) by placing a 6 watt 365
nm UV light within five inches of the
sample in a dark place. For convenience
and safety, use the
IDEXX viewing
cabinet. If a
cabinet is not
available, use UV
protective
eyewear.

16. If using the
Quanti-Tray/
2000® read and
record the number
of small wells that fluoresce and sepa-
rately record the number of large wells
that fluoresce, including the large well at
the top of the tray.

17. If using the Quanti-Tray® read and
record the number of wells that fluo-
resce, including the large well at the top
of the tray.

Figure 2

Figure 3

Figure 4

Figure 5

photos courtesy of: www.idexx.com
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LABORATORY CHEMICAL SAFETY

Ultraviolet (UV) light damages the human eye. Wear UV eye protection if viewing the
sample with the light outside of a dark, enclosed box.

If comparator comes in contact with eyes or skin, flush thoroughly with water.

QUANTI-CULT contains live microorganisms and should be used only by individuals
with bacteriological training. Properly disinfect any spills and sterilize all used containers
according to appropriate regulations before disposal.

Calculations and Data Reporting

Refer to the MPN table provided with the
Quanti-Tray® or Quanti-Tray/2000® to obtain
the Most Probable Number (MPN) of E. coli
in the sample.

If the sample was diluted, multiply the result
by the appropriate dilution factor.

If all the wells in the tray are positive, the
results must be reported as >2,419 MPN/100
mL (Quanti-Tray/2000®) or >200 MPN/100
mL (Quanti-Tray®). Remaining sample, if it
exists and has been stored at 4°C, may be
diluted, prepared, and placed in the incubator
within 30 hours of collection. If incubation
begins more than 30 hours after sample
collection, any results must be reported as
estimates.
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Appendix A

O reg o n  S a lm o n  P la n  M o n ito r in g  F ra m ew o rk

T h e O P S W  m on itorin g  tea m  h a s d evelop ed  th e
follow in g  m on itorin g  fra m ew ork  to  g u id e a n d
coord in a te  m on itorin g  efforts .   T h e com p on en ts  of
th is  fra m ew ork  a re  d escribed  below  a n d  in  T a ble
A -1 .  M ost q u estion s re la ted  to  m on itorin g  w ill
a d d ress on e or m ore of th ese  com p on en ts .

F or m ore in form a tion  on  th e  O P S W  m on itorin g
tea m , p lea se  con ta ct K elly M oore w ith  th e
G overn or’ s  N a tu ra l R esou rce O ffice  (5 4 1 -7 5 7 -4 2 6 3
ex t. 2 2 6 ).

I. C ondition  A ssessm ent

W h a t a re  th e  h istorica l,  cu rren t a n d  fu tu re
d esired  con d ition s in  th e  w a tersh ed  th a t
restora tion  a ctiv ities  a n d  ch a n g es ca u sed  by
restora tion  a ctiv ities  ca n  be m ea su red
a g a in st?

H istorica l,  cu rren t a n d  d esired  fu tu re
con d ition  a re  m on itored  in  th is  com p on en t.

II. E colog ica l and  C ultura l T rends

W h a t a re  th e  tre n d s in  th e  p ro d u c tiv e
c a p a c ity  a n d  re silie n c e  o f O re g o n ’ s a q u a tic
e c o sy ste m s a n d  sa lm o n id  p o p u la tio n s?

M on itorin g  th e  tren d s of sa lm on
p op u la tion s a n d  a q u a tic  ecosystem s over
tim e a n d  sp a ce a n d  in ferrin g  h ow  m u ch  of
th ese tren d s a re  d u e to  in d irect m a n a g em en t
in flu en ces is  rep orted  in  th is  com p on en t.

I. M anagem ent A ctions

A re  re so u rc e -m a n a g e m e n t a c tiv itie s  b e in g
im p le m e n te d  in  a c c o rd a n c e  w ith  th e
O re g o n  P la n ?

Im p lem en ta tion  of th e  p la n  a n d  in d ivid u a l
la n d -u se p ra ctices a re  m on itored  a n d
rep orted  in  th is  com p on en t.

II. M anagem ent E ffec ts

A re  re so u rc e -m a n a g e m e n t a c tiv itie s
e ffe c tiv e  a t m e e tin g  th e ir  sp e c ific  o b je c tiv e s
a n d  su p p o rtin g  th e  m issio n  a n d  g o a ls  o f th e
O re g o n  P la n ?

C on sisten cy of va riou s m a n a g em en t
a ctiv ities  w ith  th e  g oa ls  of th e  O reg on  P la n
a n d  th e effectiven ess of th ose a ctiv ities  in
m eetin g  th e  p la n ’ s g oa ls  a re  m on itored  a n d
rep orted  in  th is  com p on en t.

III. R esearch

W h a t a re  th e  c a u se  a n d  e ffe c t a n d /o r
m e c h a n istic  re la tio n sh ip s b e twe e n  sa lm o n ,
sa lm o n  h a b ita t a n d  re so u rc e  m a n a g e m e n t?
A n d , wh a t a re  so m e  im p ro v e d  te c h n o lo g y
a n d  m e th o d s th a t c a n  b e  a p p lie d  to  a n swe r
th e  q u e stio n s?

Issu es better  a d d ressed  w ith  resea rch  a re
rep orted  in  th is  com p on en t a s  w ell a s
referen ces to  g u id e m on itorin g  a ctiv ities  a n d
in terp reta tion  of resu lts .
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T able A -1.  R evised  conceptual fram ew ork  and  exam ple of how  the sed im ent issue cou ld  be addressed  w ith  th is fram ew ork .

C ondition
A ssessm ent

E cological &
C ultural T rends

M anagem ent
A ctions

M anagem ent
E ffects

R esearch  T op ics

M onitoring
Ind icators

H isto rica l
sed im ent so u rces
and  sink s

T u rbid ity / p ercent
fines in su bstra te

R o ad  hazard
su rvey /ro ad
m aintenance  &
reco nstru c tio n

R ed u ce  d e livery  o f
sed im ent to
channels fro m
ro ad s.

S u sp end ed  sed im ent
in ro ad  d ra inag e
d itches and  stru c tu res

M onitoring &
R esearch
Q uestions

W hat have  been
the  so u rces o f
sed im ent o ver the
p erio d  o f reco rd
(a ir p ho to s)?

W hat is  the
annu al trend  and
rang e  in tu rbid ity ?
W hat is  the  rang e
o f tu rbid ity  leve ls
d u ring  sto rm
events?

A re  land o w ners
im p lem enting  the
ro ad  hazard  su rvey ?
A re  ro ad
m aintenance  &
reco nstru c tio n
ac tivities be ing
im p lem ented
p ro p erly ?

A re  the  ro ad
im p ro vem ent
p rac tices red u c ing
sed im ent d e livery
to  stream  channels?

D o  ro ad -
im p ro vem ent
p rac tices red u ce
su sp end ed  sed im ent
lo ad s in d ra inag e
d itches tha t d e liver to
channels?

C oord ination  and
O versight
S tandards

A gency
R esponsib ility
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Appendix B

M o n ito r in g  T y p es

T h e a p p rop ria te  m on itorin g  d esig n  d ep en d s on  th e
p u rp ose for m on itorin g  a n d  th e resou rces a va ila ble  to
m on itor.  I t  is  im p ossib le  to  m on itor everyth in g ,
everyw h ere, a ll  th e  tim e, so  ex p erien ce a n d  ju d g m en t
m u st be  u sed  to  select th e  a p p rop ria te  typ e a n d
in ten sity of m on itorin g .  S ix  g en era l m on itorin g
typ es a re  u sefu l for m on itorin g  a ctiv ities  a ssocia ted
w ith  th e  O P S W : baseline ,  trend ,  im plem entation ,
effectiveness,  com pliance ,  a n d  validation  (Ice  e t a l.
1 9 9 6 ) (F ig u re  B -1 ).  B eca u se th e  p u rp ose of ea ch  of
th ese  m on itorin g  typ es is  d ifferen t,  th eir
req u irem en ts a re  a lso  d ifferen t.  T h e six  m on itorin g
typ es a re  d escribed  below .

B ase line

B a selin e m on itorin g  is  d esig n ed  to  ch a ra cteriz e
ex istin g  or u n d istu rbed  con d ition s for com p a rison
w ith  o th er m on itorin g  a ctiv ities .  T h is  typ e of
m on itorin g  ca n  be u sefu l a s  a  s ta rtin g  p oin t for o th er
m on itorin g  efforts  (esp ecia lly tren d  m on itorin g ,
p roject m on itorin g , a n d  effectiven ess m on itorin g ).
S ites  for ba selin e  m on itorin g  m u st be  ca refu lly
selected  to  in su re  th ey a re  rep resen ta tive  of th e
con d ition s w ith  w h ich  th ey w ill  be  com p a red .
U p strea m  m on itorin g  is  often  u sed  to  set th e  ba selin e
for tem p era tu re  ch a n g es observed  d ow n strea m .
H ow ever, beca u se  m a n y fa ctors  in flu en ce
tem p era tu re  th rou g h  a  rea ch , before  a n d  a fter
m on itorin g , or te m p o ra l  ba selin e  m on itorin g , ca n
g rea tly s tren g th en  in terp reta tion  of resu lts .

T rend

T h is m on itorin g  typ e req u ires d evelop m en t of a
record  over tim e (u su a lly five  yea rs or m ore).  S ites
m u st be  esta blish ed  w h ich  a re  “ sta ble”  a n d  n ot
im p a cted  by a n cilla ry fa ctors .  F or ex a m p le, if th e
p u rp ose for m on itorin g  is  to  d eterm in e th e  lon g  term
tren d  in  s trea m  tem p era tu re  w ith  recovery of r ip a ria n
sh a d e fo llow in g  a  w ild fire , th en  m on itorin g  sites
w ou ld  n eed  to  be loca ted  d ow n strea m  of th e  w ild fire
site .   B u t m on itorin g  sites  w ou ld  a lso  n eed  to  be

p osition ed  w h ere  ch a n g in g  in flu en ces, l ik e  a  n ew
u p strea m  reservoir  (w h ich  ca n  con tro l tem p era tu re  by
reg u la tin g  flow s a n d  th e tem p era tu re  of w a ter
re lea ses), ca n  be a void ed  or a ccou n ted  for in  th e
m on itorin g  p la n .  M ea su rem en t m eth od s m u st a lso
be “ rep ea ta ble”  over th e  m on itorin g  p eriod .

Im plem entation

T h is typ e of m on itorin g  a ssesses w h eth er a ctiv ities
w ere ca rried  ou t a s  p la n n ed .  T h e m ost com m on
ex a m p le of th is  m on itorin g  is  a n  a ssessm en t of B est
M a n a g em en t P ra ctice  (B M P ) or forest p ra ctice  ru le
im p lem en ta tion .  Im p lem en ta tion  m on itorin g  of
strea m  tem p era tu re  resp on se m ig h t focu s on
d eterm in in g  w h eth er th e  forest p ra ctice  ru les for
sh a d e re ten tion  a re  bein g  m et.

E ffectiveness

E ffectiven ess m on itorin g  is  u sed  to  d eterm in e
w h eth er p rop erly im p lem en ted  con tro l p ra ctices
w ork .  A n  ex a m p le of th e  effectiven ess m on itorin g  is
th e  strea m  tem p era tu re  m on itorin g  con d u cted  a s p a rt
of th e  A lsea  W a tersh ed  S tu d y to  d eterm in e th e
effectiven ess of forest bu ffers  in  m in im iz in g
in crea ses in  s trea m  tem p era tu re  fo llow in g  log g in g
(B row n  1 9 7 0 ).  T h e O D F  (1 9 9 4 ) p rotocols  a re
sp ecifica lly d esig n ed  to  d evelop  in form a tion  to  a ssess
th e effectiven ess of th e  forest p ra ctice  ru les for
rip a ria n  a rea s to  m eet tem p era tu re  g oa ls .  P roject
m onitoring  look s a t th e  effectiven ess of a  p a rticu la r
p roject a n d  th e  com bin a tion  of m ea su res u sed  to
p rotect w a ter q u a lity.  E ffectiven ess m on itorin g
req u ires th a t th e  con d ition s in flu en cin g  p erform a n ce
be a ssessed  a n d  th a t con tro l m ea su res be p rop erly
im p lem en ted .



App. B – Monitoring Types B - 2 Water Quality Monitoring Guidebook
Version 2.0

C om pliance

C om p lia n ce m on itorin g  is  a  sp ecia l typ e of
effectiven ess m on itorin g  to  d eterm in e w h eth er
sp ecific  p erform a n ce sta n d a rd s a re  m et.  F or s trea m
tem p era tu re , com p lia n ce m on itorin g  w ou ld  be
d esig n ed  to  d eterm in e w h eth er th e  strea m
tem p era tu re  in crea se  fo llow s u p strea m  m a n a g em en t
a p p roa ch es or ex ceed s w a ter-q u a lity s ta n d a rd s.  T h e
loca tion , freq u en cy, a n d  m eth od  of m ea su rem en t
m a y be sp ecified  a s p a rt of th e  sta n d a rd .

V alidation

T h is typ e of m on itorin g  is  u sed  to  a ssess th e
p erform a n ce of a  m od el or s ta n d a rd .  A  va lid a tion
stu d y m ig h t be  d esig n ed  to  m on itor fish  p op u la tion s

a n d  strea m  tem p era tu re  s im u lta n eou sly for a  va rie ty
of con d ition s to  d eterm in e w h eth er th e  cu rren t w a ter
q u a lity s ta n d a rd s p rovid e a p p rop ria te  p rotection  a n d
w h eth er a ssu m ed  rela tion sh ip s betw een  fish  a n d
tem p era tu re  a re  va lid .

C lea rly sta tin g  th e  p u rp ose of a  m on itorin g  effort a n d
d evelop in g  a  sa m p lin g  p la n  is  im p orta n t in
a n sw erin g  q u estion s a bou t w h ere  to  loca te  th e
m on itorin g , w h a t freq u en cy a n d  h ow  to  m on itor, a n d
h ow  m a n y m on itorin g  sites  a re  a p p rop ria te .  T h e
p roject coord in a tor is  d irected  a lso  to  th e  E P A
V o lu n te e r M o n ito r’ s  G u id e  to  Q u a lity  A ssu ra n c e
P ro je c t P la n s  (E P A  1 9 9 6 )
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Harvest area w/ buffer

Irrigation area

End of fish presence

Irrigation area

Wildfire area

A B

C

Harvest area w/ buffer

D

E F

Harvest area w/ buffer

Wildfire area

F ig u re B -1 .  S ch em a tic exa m p les of  m on itorin g  typ es a p p lied  w ith in  a  su b -b a sin . (✰ ) in d ica te loca tion s of  strea m
tem p era tu re m on itorin g .  S p a tia l sca le is a n  im p orta n t con sid era tion  in  d eterm in in g  w h ich  m on itorin g  typ e w ill b est su it a
m on itorin g  ob jective.  T h is d ia g ra m  is in ten d ed  to b e a s “ sca le-less”  a s p ossib le so a s to  illu stra te th e con cep ts b eh in d  th e
m on itorin g  typ es.  C a refu l con sid era tion  of  m on itorin g  ob jectives is critica l b efore d irectly  a p p lyin g  f ig u re loca tion s to a
f ield  situ a tion .  A  =  b a selin e m on itorin g  for b a sin  ch a ra cteristics.  B  =  tren d  m on itorin g  of  recovery from  w ild fire a t tw o
sta tion s over 8  yea rs.  C  =  im p lem en ta tion  m on itorin g  to a ssess sh a d e reten tion  on  a  recen t h a rvest site.  D  =  effectiven ess
m on itorin g  to d eterm in e if  a  strea m sid e b u ffer is effective in  p rotectin g  strea m  tem p era tu re.  E  =  com p lia n ce m on itorin g  to
d eterm in e if  f ield  irrig a tion  w ith d ra w a l a n d  retu rn  f low  a re in crea sin g  strea m  tem p era tu re a b ove th e sta te sta n d a rd .  F  =
va lid a tion  m on itorin g  to test th e resp on se of  f ish  to strea m  tem p era tu re ch a n g es.  S trea m  tem p era tu re a n d  f ish  p resen ce is
m ea su red  a t ea ch  site in  th e b a sin .
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A ppen d ix  C

W a tersh ed  D a ta  fo r  In terp reta tio n  o f T em p era tu re  In fo rm a tio n

Inform a tion a b ou t w a tersh ed a nd s ite  conditions
m a y b e needed to  interpret th e inform a tion
collected.  T h e O D F  T em pera tu re gu idelines
(O D F  1 9 9 4 ) provide recom m enda tions for
docu m enting s trea m  a nd s ta nd conditions.
G u idelines inclu de dia gra m m ing th e s ite  a nd
strea m  segm ent; a cq u ir ing a er ia l ph otos;
ph otogra ph ing s trea m  segm ents; m ea su ring typica l
depth s a nd w etted w idth s; es tim a ting su b stra te
com position; m ea su ring th e percent of th e s trea m
ex posed to  su nligh t w ith  densiom eter1 2

m ea su rem ents  of ca nopy cover , a nd m a king a
genera l description of ea ch  s trea m  (type of sh a de,
tr ib u ta ries , m a na gem ent h is tory, e tc .) .
C onfou nding fa ctors  discu ssed in  M onitor ing  S ite
Se lec tion  su ch  a s b ea ver  ponds or  presence of
springs need to  b e docu m ented a s  th ey m a y
influ ence interpreta tion of resu lts .  C ollecting
inform a tion a b ou t th e property ow nersh ip, a
conta ct person, a nd a ny m a na gem ent inform a tion
su ch  a s cropping, gra z ing, ir r iga tion, tim b er
h a rvesting, a nd site  prepa ra tion w ill a lso b e
u sefu l.

D eta iled inform a tion a b ou t ph ysica l r ipa ria n a nd
w a tersh ed m ea su rem ents  ca n b e ob ta ined from
th e P hysical H abitat T eam  R eport.  A t a
m inim u m , da ta  on th e sh a de ch a ra cteris tics  a t th e
site  a nd im m edia tely u pstrea m  a nd dow nstrea m
of th e s ite  sh ou ld b e collected.  T h e
recom m enda tion of th e W a ter-Q u a lity
M onitor ing P rotocol tea m , b a sed on persona l
ex perience, is  th a t th e vegeta tion im m edia tely a t
th e m onitoring site  a nd a t lea st 1 ,0 0 0  feet
u pstrea m  from  th e s ite  sh ou ld b e ch a ra cteriz ed
b y ta king eleven m ea su rem ents  a t 1 0 0 -foot
interva ls .  T h ese m ea su res  m a y th en b e a vera ged
to ob ta in a  genera l nu m eric  description of th e
strea m  segm ent influ encing strea m  tem pera tu re a t
th e th erm om eter  loca tion.

                                               
12

 A densiometer is a convex mirror engraved with a cross-shaped grid of  24 quarter-inch squares. The mirror reflects trees and
other objects above a stream or in a forest stand and is used to quantify shade or  canopy closure.  (Available from Forestry
Suppliers ~$100).
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A ppen d ix  D

R o a d  H a za rd  In ven to ry

B ack ground

T h e m ost com m on sou rces of sedim ent in  ru ra l a nd
forested a rea s a re  from  u nsu rfa ced roa ds.
M onitor ing sou rce a rea s  of sedim ent ca n identify
inpu ts  of sedim ent to  th e s trea m  system  th a t m a y
need to  b e m itiga ted.  Idea lly  th is  sh ou ld b e done on
a  w a tersh ed sca le , b eca u se oth er  sou rces of
sedim ent a re  a lso present in  th e w a tersh ed.  T h is
protocol only a ddresses  roa d-rela ted sou rces of
sedim ent.

E rosion a ssocia ted w ith  roa ds a nd ditch es typica lly
inclu des b oth  su rfa ce erosion a nd la ndslides.  R oa d
constru ction dis tu rb s a nd com pa cts  soils  a nd
prevents  revegeta tion.  T h erefore, in  th e forested
la ndsca pe, roa ds a re  th e grea test potentia l sou rce of
sedim ent ou tside th e s trea m  ch a nnels .  T h is  ca n
occu r  in  th e form  of su rfa ce erosion or  la ndsliding.

P a st m onitoring indica tes  th ree m a jor a rea s of
concern for  roa d-rela ted erosion.  O ne concern is
ex cess  spa cing of cross  dra ina ge on s teep gra dient
roa ds.  A noth er  is  a  s ide ditch  rou ted over  long
dista nces w ith  direct disch a rge into ch a nnels .
F ina lly , roa d-rela ted la ndslides a re  typica lly
a ssocia ted w ith  s teep s ideca st m a ter ia l.  T h e th ree
m a jor elem ents  (T a b le D -1 ) of th e roa d h a z a rd
inventory a ddress  th ese roa d concerns.

T a b le D -1 .  E lem en ts of  roa d  h a za rd  in ven tory

In ven to ry E lem en ts A rea  o f con cern

S tream  crossin g  stru c tu res
W ash ou ts o f c rossin gs an d
fish  p assage  th rou gh  cu lverts

S idecast fill on  steep  slop es S idecast-re la ted  lan dslides
en terin g  ch an n els

R oad  su rface  d ra in age  system s
M u ddy d ra in age  w aters
delivered  to  stream s

In order  to  u se th is  protocol, severa l term s need to
b e u nderstood b y m onitor ing pa rtic ipa nts:

R oa d prism
C ross section of roa dw a y from  th e top of th e
ex ca va ted a rea  (cu t)  to  th e toe of th e fill.

C u tslope
S lope crea ted b y ex ca va tion into th e na tu ra l
h ills lope.  T h e cu tslope is  s teeper th a n th e na tu ra l
s lope.

S ideca st
U nconsolida ted ex ca va ted m a teria l pu sh ed to  th e
slope b elow  th e roa d.  S ideca sts  a re  genera lly  not
u sed a s pa rt of th e roa d a nd a re  s teeper  th a n th e
na tu ra l s lope.

F ills lope
E x ca va ted m a teria l pla ced b elow  th e roa d a nd
intended to  serve a s  pa rt of th e roa d.

Inslope
R oa d su rfa ce th a t is  s loped so th a t a ll w a ter  dra ins
tow a rd th e ditch  or  cu tslope.

O u tslope
R oa d su rfa ce th a t is  s loped so th a t a ll w a ter  dra ins
tow a rd th e fills lope or  s ideca st.

B erm
A  continu ou s pile  of fill a nd/or  a ggrega te , u su a lly
on th e ou tside edge of a  roa d w h ich  prevents
su rfa ce w a ter  from  lea ving th e roa d.

C ross dra in cu lvert
A  cu lvert insta lled u nder a nd a cross a  roa d to  ca rry
ditch  w a ter  to  th e dow nslope s ide of a  roa d..

S trea m  crossing cu lvert
A  cu lvert insta lled in  a  s trea m  ch a nnel intended to
ca rry s trea m  flow  u nder  th e roa d.

B ridge
A  stru ctu re intended to  ca rry veh icles  over  a  s trea m
or oth er  fea tu re, u su a lly  consisting of a  spa n a nd
a b u tm ents .

L og pu nch eon
A  dra ina ge s tru ctu re m a de of logs (often ceda r)  a nd
no longer  in  com m on u se.
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F ord
A  strea m  crossing w h ere s trea m  flow  covers  th e
crossing for  a ll or  pa rt of th e yea r .

W a terb a r
A  constru cted ditch  a nd b erm  designed to  direct
w a ter  a cross th e roa d.

D ips
A  cross  dra ina ge s tru ctu re w h ere a  low  spot is
ex ca va ted a long th e profile  of th e roa d a nd w h ere
su rfa ce w a ter  of s trea m  flow  is  directed a cross  th e
roa d.

G ra de b rea k
L oca tion w h ere th e roa d gra de reverses  ( typica lly
on a  sa ddle or  r idge)  a nd su rfa ce w a ter
a u tom a tica lly  dra ins a w a y from  th e roa d su rfa ce in
q u estion.

D itch
T rench  constru cted a t th e toe of a  cu tslope a nd
intended to  keep w a ter  off th e roa d su rfa ce.  D itch
w a ter  is  dra ined dow n slope a long th e roa d to  som e
point of relief or  cross  dra in.

L a nding
A n a rea  constru cted for  logging eq u ipm ent a nd log
h a ndling opera tions.  L a ndings m a y b e a t th e end of
roa ds, or  constru cted a s  w ide spots  in  th e roa d.
T h ey a re  typica lly  w ider  th a n th e rest of th e logging
roa d.

R idge R oa d
R idge roa ds a re  loca ted on or  nea r  th e r idgeline
(m ost or  a ll of th e roa d on th e top one-th ird of th e
slope) .

M idslope R oa d
A  roa d loca ted b etw een a  r idge a nd s trea m  ch a nnel

V a lley R oa d
A ny roa d w h ich  genera lly  pa ra lle ls  a  s trea m  in
pla ces, u su a lly  in  th e form er r ipa ria n a rea  of th e
strea m .

E quipm ent N eeds

In order  to  su ccessfu lly  a nd efficiently  collect roa d
da ta , th e follow ing eq u ipm ent is  needed:

•  V eh icle— a  veh icle  (pick-u p or  u tility  r ig)  is
preferred for  roa d a ccess , a lth ou gh  a  m ou nta in
b ike ca n a lso b e u sed w h ere a ccess  is  poor .

•  T w o person crew — a  single  person ca n collect
th e necessa ry da ta , a lth ou gh  a  crew  of tw o ca n
b e m ore effective.  T h e inventory person or
crew  ca n a lso b e u sed to  m a rk cu lverts  a nd to
fla g loca tions needing im m edia te  m a intena nce
a ttention.

•  D ista nce M ea su ring Instru m ent (D M I) a nd H ip
C h a in (S tr ing B ox )— a  D M I or  oth er  device
th a t records veh icle  tra vel dis ta nce in  feet is
recom m ended to  a ccu ra tely record dis ta nces
w h ile  tra veling a long roa ds.  Im pa ssa b le roa ds
a re m ea su red w ith  a  h ip ch a in (s tr ing b ox ).

•  C linom eter— a  clinom eter  is  u sed to  determ ine
a vera ge roa d gra dient a nd h ills lope steepness.
M ore a ccu ra te  m ea su rem ent tools  (engineer’ s
level)  a re  req u ired for  a ny a ctu a l repa ir
a ctivity .

•  S ca led rod or  s ta ff a nd a  m ea su ring ( loggers)
ta pe— length s of cu lverts  a nd b ridges w ill b e
m ea su red w ith  th ese tools .

•  O D F  strea m  cla ssifica tion m a ps— on U S G S
7 .5  m inu te q u a d m a ps a nd/or  oth er  m a ps
sh ow ing roa ds a nd s trea m s a re a lso needed.

•  G lob a l P ositioning S ystem  (G P S )— G P S  m a y
b e u sed to  m a p roa d fea tu res.  H ow ever, u se of
G P S  to da te  h a s  s ignifica ntly  s low ed da ta
collection, a nd is  not a n essentia l com ponent of
th is  protocol.  G P S  effic iency is  poor  in  a rea s
of na rrow  ca nyons or  w h en th e ca nopy is  w et.

•  D a ta  L ogger— direct da ta  entry into a  fie ld
da ta - logger  a s  it is  b eing collected ca n b e very
effic ient.

•  C om pu ter  S ystem  a nd S oftw a re— inventory
inform a tion sh ou ld b e entered into rela tiona l
da ta b a ses.  R ela tiona l da ta b a ses a re  prob a b ly
th e m ost effective tool for  m a king sense of
la rge a m ou nts  of inform a tion.  C om m only
a va ila b le  softw a re ca n b e u sed to  q u ery th e
da ta b a se to  find h igh  erosion h a z a rds or
b a rr iers  to  fish  m igra tion.
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•  G eogra ph ic Inform a tion S ystem  (G IS )— da ta
ca n b e entered into a  G IS  system  w ith ou t G P S
da ta  u sing d y n a m ic  se g m e n ta tio n .  I f G P S  h a s
b een u sed, th e loca tions of fea tu res  ca n b e
directly  inpu t to  a  G IS  system .

Site  Se lec tion

T h e roa d h a z a rd inventory is  designed to  a ssess a ll
roa ds u nder  a  given ow nersh ip or  w ith in a  given
w a tersh ed.  T h e protocol provides inform a tion to
h elp la ndow ners  identify roa ds of concern a nd
prioritiz e  repa ir  a ctivities .  I t does not provide a ll
th e inform a tion necessa ry to  im plem ent th ose
repa irs .  T im ely inspection a nd su b seq u ent
m a intena nce or  repa ir  a ctivity  on forest roa ds w ill
b enefit fish  a nd fish  h a b ita t.  T h erefore, inventories
sh ou ld eventu a lly  b e condu cted on a ll roa d m iles
th a t potentia lly  a ffect fish  h a b ita t.

P rioritiz ing site  selection depends on th e m onitoring
q u estion b eing a sked.  H ow ever , in  genera l, roa d
inventories  sh ou ld firs t b e condu cted in  a rea s  w h ere
roa ds pose h igh er  r isk to  a na drom ou s fish  a nd th eir
h a b ita ts .  T h is  ca n b e determ ined from :

•  L a ndow ner know ledge

•  T opogra ph ic m a ps sh ow ing:

•  strea m  crossings of fish  b ea ring s trea m s,

•  m idslope roa ds on s teep s lopes, a nd/or

•  steep, long roa d gra des lea ding to  ch a nnel
crossing

L a ndow ners  a re  encou ra ged to  u se th is  protocol for
roa d m a na gem ent pu rposes oth er  th a n erosion
h a z a rd redu ction.  P ossib le  u ses inclu de rou tine
m a intena nce a nd su rfa cing decis ions.

R oad H azard  F ie ld  M ethods

O vera ll M eth odology
B egin a t a  roa d ju nction or  oth er  la ndm a rk.  T a ke
m ea su rem ents  describ ed in  th e Surface  D ra inage
Section  b elow .  A s you  tra vel a long th e roa d,
m ea su re th e dis ta nce (D M I or  oth er  device s ta r ting
a t 0 ) , u ntil encou ntering a  dra ina ge fea tu re a nd or
strea m  crossing.  T h is  is  referred to  a s  roa d
sta tioning.  R ecord dis ta nce tra veled, repea t su rfa ce

dra ina ge m ea su rem ents  a nd ta ke C ulvert/B r idge
and/or  S tream  C rossing  D eta ils (describ ed b elow ),
w h ich ever  a re  a pplica b le .  R ecord ob serva tions of
genera l roa d ch a ra cteris tics  (describ ed in  nex t
section)  for  th e entire  roa d.

G enera l R oad C haracter istics

E a ch  roa d sh ou ld b e identified b y na m e or  nu m b er,
a ccording to  th e system  norm a lly u sed b y th e
la ndow ner.  G enera l ch a ra cter is tics  a re  norm a lly
collected only once for  ea ch  roa d.  T h e follow ing
ob serva tions a re  u sed to  cla ssify  ea ch  roa d a nd ca n
b e docu m ented on a  form  su ch  a s in  T a b le D -2 :

R o a d  id e n tific a tio n  b y na m e, nu m b ering system  or
oth er  m ea ns.

R o a d  u se  b y m a na gem ent a ctivity .

a ctive roa ds: roa ds u sed for  tim b er h a u l in
th e pa st yea r

ina ctive roa ds: inclu de a ll oth er  roa ds u sed
for m a na gem ent s ince 1 9 7 2 ; a nd

orph a ned roa ds: overgrow n roa ds or
ra ilroa d gra des not u sed since 1 9 7 2 .

S u rfa c in g  m a te ria l is  descr ib ed a s a sph a lt, c lea n
rock (new  q u a rry rock); old rock (m ore com m on);
or  dir t.

R o a d  lo c a tio n  is  descr ib ed a s r idge, m idslope, or
va lley a s  th e loca tion of m ost of th e roa d.

W id th  of th e entire  roa d is  estim a ted (from  th e
ou tside edge to  th e b a se of th e cu tslope).

F or  ow nersh ips w h ere g e o re g io n , g e o lo g y  o r so ils
a re va ria b le  a nd h a ve a  grea t influ ence on erosion,
th ese cla ssifica tions sh ou ld a lso b e docu m ented.

R ecord w h eth er  th e roa d is  o u tslo p e d  or  h a s a
d itc h .

R ecord th e  lo c a tio n  of th e roa d w ith  respect to  a
la ndm a rk.  T h is  m a y b e done w ith  th e G P S  u nit or
on a  m a p.

Surface  D ra inage

B etw een dra ina ge fea tu res , inform a tion is  collected
on th e erosion potentia l a nd sedim ent delivery
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potentia l of th e roa dw a y.  T h e typica l roa d
conditions b etw een ea ch  dra ina ge fea tu re  a re
ca tegoriz ed to  identify erosion prob lem s.  T h e
follow ing ob serva tions a nd m ea su rem ents  a re  m a de
to identify sym ptom s of h igh  erosion on roa d
segm ents  th a t b est descr ib e th e condition of th e
entire  segm ent:

R oa d G ra de
R oa d gra de (s lope) is  m ea su red in  percent, w ith  a n
estim a ted a vera ge w h en th e s lope ch a nges.  S lope is
recorded a s positive if th e direction is  u p from  th e
m ea su ring point or  fea tu re , a nd nega tive w h en th e
direction is  dow n from  th e fea tu re.  A  positive s lope
dra ins  tow a rd th e fea tu re, a  nega tive s lope dra ins
a w a y from  th e fea tu re.

R oa d S u rfa ce C ondition
R oa d su rfa ce condition is  descr ib ed a s good, ru tted,
b erm ed, or  eroded (gu llied) .

D itch
D itch  is  descr ib ed b y fu nction a s  good (ca pa b le of
h olding ru noff w ith ou t ser iou s erosion) , cu tting,
diverted, or  fu ll.

C u tslope
C u tslope is  describ ed a s good (s ta b le) , ra vel
prob lem s, or  s lides into th e roa d.

D elivery
D elivery of sedim ent to  s trea m s from  th a t length  of
roa d is  describ ed a s “ yes,”  “ possib le ,”  “ no,”  or
“ b ypa ssed”  (w a ter  flow s pa st th e dra ina ge fea tu re
a nd not off of th e roa d) .

R oa d length  dra ining to  dra ina ge.
T h e length  of roa d dra ining to  ea ch  dra ina ge
fea tu re ca n b e ca lcu la ted b y u se of severa l
com m only a va ila b le  da ta b a se or  sprea dsh eet
progra m s.  F or  properly fu nctioning ou tsloped roa ds
th ere a re  no cross  dra ina ge fea tu res , only s trea m
crossing fea tu res .

D rainage  and  Stream  C rossings

D ra ina ge da ta  is  collected a t ea ch  dra ina ge fea tu re
w h ere collected dra ina ge w a ter  is  directed a w a y
from  or  u nder  th e roa dw a y, a nd a lso a t dra ina ge
divides.  D ra ina ge fea tu res  inclu de: s trea m  crossing
cu lverts , b ridges, log pu nch eons, fords, cross-dra in
cu lverts , w a terb a rs , dips , oth er  relief, la ndings, a nd
gra de b rea ks.  F or  ea ch  dra ina ge fea tu re, record th e
dis ta nce from  roa d s ta tioning a nd th e type of
fea tu re so th a t dra ina ge spa cing ca n b e determ ined.
L a ndow ners  m a y a lso ch oose to  loca te  fea tu res
su ch  a s ga tes  a nd w a ter  pu m p ch a nces.  A  typica l
length  of roa d w ith  dra ina ge pa tterns  a nd fea tu res  is
sh ow n in F igu re D -1 .

A . C ro ss-d ra in cu lvert,  sed im ent filte red  and  no t d e livered  to  stream .
B . C ro ss-d ra in cu lvert w ith sed im ent d e livery  fro m  seg m ent 2  to  stream .
C . S tream -cro ssing  cu lvert,  sed im ent fro m  ro ad  seg m ents 3  and  4  d e livered  to  stream .
D . D ra inag e  d ivid e .
E . C ro ss-d ra in cu lvert,  p o ssible  sed im ent d e livery  to  stream .

F igure D -1.  T yp ical road  surface drainage and  drainage features.
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C ulvert (and  br idge) D eta il

T h e fo llow in g  in form a tion  is  collected  for a ll
cu lverts  (s trea m  crossin g  a n d  cross d ra in ) a n d
brid g es:

D ia m eter/S p a n
D ia m eter/sp a n  of th e  cu lvert (d ia m eter for rou n d , r ise
a n d  sp a n  for a rch ) or sp a n  len g th  (for brid g e) is
m ea su red  in  in ch es (for cu lverts)  a n d  feet (for
brid g es).

C on d ition
C on d ition  of th e  cu lvert is  d escribed  a s g ood ;
m ech a n ica l d a m a g e, sed im en t b lock a g e, ru sted ,
bottom  ou t,  colla p se, a n im a l (bea vers), w ood
block a g e, n a tu ra l bottom  (g ra vel)  [m ore  th a n  on e
d escrip tion  m a y be a p p rop ria te  in  th is  ca teg ory].

In le t O p en in g
In let op en in g  is  estim a ted  a s a  p ercen t or orig in a l
(d esig n ) op en in g .

Stream  C rossing  D eta il

S trea m  crossin g s a re  a n  ex trem ely im p orta n t p a rt of
th e roa d  system .  Im p rop erly fu n ction in g  strea m
crossin g s ca n  resu lt in  loss of th e  roa d w a y th rou g h
w a sh ou ts  a n d  ch a n n el d iversion s.  S trea m  crossin g s
ca n  a lso  be ba rriers  to  fish  m ovem en t.  A t ea ch
crossin g  stru ctu re , in form a tion  sh ou ld  be collected  by
g ettin g  ou t of th e  veh icle  a n d  ta k in g  m ea su rem en ts
a t th e  in le t en d  a n d  n ea r th e  ou tle t en d  of th e
stru ctu re .  In  a d d ition  to  th e  cu lvert d eta il ,  th e
follow in g  in form a tion  sh ou ld  be collected  a t ea ch
strea m -crossin g  cu lvert (F ig u re  D -2 ).

F igure D -2.  S tream -crossing cu lvert w ith  key d im ensions.

F ish  P resence
F ish  presence (species , if know n, from  O D F
cla ssifica tion m a ps or  oth er  sou rces) .  C a tegories
a re: “ fish  u se” ; “ u nknow n fish  u se” ; “ no fish  u se” ;
or  “ a na drom ou s fish  u se” .

D iversion P otentia l
D iversion potentia l ( for  s trea m flow  diverted onto
th e roa d su rfa ce a nd eroding th e roa dw a y or  fill)  is
ca tegoriz ed a s  “ h igh ,”  “ m ediu m ”  or  “ low .”

C u lvert S lope
C u lvert s lope is  m ea su red for  “ fish  u se,”  or
“ u nknow n fish  u se”  s trea m s only.

F ill H eigh t
F ill h eigh t is  estim a ted from  th e ch a nnel b ottom  to
th e roa d su rfa ce a t th e dow nstrea m  end.

O u tlet D rop
O u tlet drop is  th e dista nce from  th e b ottom  of th e
pipe to  th e eleva tion of th e pool, in  feet (m ea su re
cou ntersu nk ou tlets  a s  nega tive drops) .  T h is  ca n
va ry w ith  s trea m  disch a rge, so m ea su rem ent sh ou ld
genera lly  b e ta ken du ring su m m er flow .

R esting P ool
R esting P ool b elow  th e pipe is  ca tegoriz ed for  fish
u se, or  possib le  fish  u se s trea m s only a s  “ good”  (a t
lea st tw o feet deep a nd s ix  feet long); “ fa ir”  (a t
lea st one foot deep a nd fou r feet long); or  “ a b sent.”

S edim ent F ilter ing
S edim ent filter ing opportu nities  a rou nd th e crossing
a re noted a s  “ u tiliz ed, “  “ not u tiliz ed,”   or  “ not
a va ila b le .”
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Sidecast D eta il

S ideca st-rela ted la ndslides  a re  rea sona b ly ex pected
a long pa rticu la rly  s teep sections of roa d (T a b le D -
3 ) .  D epending on georegion, geology, soil, a nd
dra ina ge, th e na tu ra l s lopes (b elow  th e roa d)  for  a
steep section ca n b e a s  gentle  a s  5 0 %  (in w et a rea s
w ith  w ea k sideca st a nd dra ina ge prob lem s).  In
a rea s w ith  w ell-dra ined m a teria ls  w ith  u niform
slopes a nd no or  very lim ited s igns of old s lides , th e
a ppropria te  s lope m a y b e 6 5  or  7 0 % .  S ections of
roa d w h ich  h a ve ex perienced pa st s ideca st-rela ted
la ndslides  sh ou ld a lso b e inventoried.
T h e b eginning a nd ending points  u sed to
ch a ra cteriz e s ideca st s ta b ility  w ill b e different th a n
th ose u sed to  ch a ra cter iz e dra ina ge.  T h erefore, a
sepa ra te  da ta b a se is  u sed (T a b le D -3 ).

B egin ch a ra cteriz ing sideca st s ta b ility  a t th e point
in  th e roa d w h ere s teepness indica tes  a  s lope fa ilu re
h a z a rd ex ists .  T h is  m a y b e, a nd u su a lly  is , a t som e
dista nce b etw een dra ina ge fea tu res .  R ecord th is
s ta tion dis ta nce from  th e roa d ju nction or  la ndm a rk
u sing th e sa m e sta tioning m eth ods a s  recording
from  dra ina ge fea tu res .  A lso record th e ending
point in  th e sa m e m a nner .  T h e follow ing fea tu res
a re th en u sed to  descr ib e typica l conditions over  th e
steep sections:

A vera ge N a tu ra l S lope S teepness
A vera ge na tu ra l s lope s teepness u nder  th e s ideca st
( if present) .

Indica tors  of M ovem ent
Indica tors  of m ovem ent descr ib ed a s “ none,”
“ cra cks,”  a  “ drop in  th e ou tside of th e prism ,”  or
“ signs of old s ideca st s lides .”

V egeta tion
V egeta tion on th e s ideca st is  descr ib ed a s “ none,”
“ cover  (gra ss  or  b ru sh ),”  “ reprodu ction
(pla nta tion) ,”  or  “ forest.”

F ill C ondition
F ill condition is  descr ib ed a s “ a t lea st 1 5 %  steeper
th a n th e na tu ra l s lope,”  “ logs ex posed,”  or  “ good.”

F ill D epth
F ill depth  a t th e ou tside edge of th e roa d is
estim a ted to  th e nea rest foot a s  a  vertica l
m ea su rem ent.

D ow nslope R isk
D ow nslope r isk to  s trea m s is  describ ed b y a
q u a lita tive ra ting of th e s lope to  th e nea rest s trea m
ch a nnel:  “ low ,”  “ m odera te ,”  or  “ h igh ”  b a sed on
th e presence a nd s iz e of b ench es or  la ndings
b etw een th e s ite  a nd th e nea rest ch a nnel.

Form s

E x a m ple da ta  sh eets  su ita b le  for  rela tiona l
da ta b a ses a re  sh ow n in T a b les  F -2  a nd F -3 .  O ne
da ta  sh eet h a s b een designed for  su rfa ce dra ina ge
a nd strea m  crossings (T a b le D -2 ), a nd a noth er  da ta
sh eet for  s ideca st (T a b le D -3 ), s ince th e b eginning
a nd ending points  of a rea s  of s ideca st ra rely
coincide w ith  dra ina ge loca tion.  C odes for  th e da ta
sh eet a re  ex pla ined on th e pa ges follow ing th e da ta
sh eets .  T h e codes h a ve b een designed w ith  one or
tw o digits  (u nderlined) to  redu ce th e s iz e of th e
code sh eets
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Table D-2.  Field data sheet for surface drainage and stream crossing details and examples of collected data.  In this example attention is required on
the last entry because the culvert is partially blocked.

R o ad  nam e/nu m ber _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ R o ad  U se : A ctive , Inac tive , O rp haned  S u rfac ing : D irt,  R o ck , C lean ro ck

R o ad  L o ca tio n: R id g e , M id slo p e , V alley  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ A vg . W id th _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ D itch: y es/N o   O u tslo p e : Y es/no

Invento ried  by :_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ D ate _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ G eo lo g y /S o ils _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S urface  D ra inage C ulver t D e ta il
S tream  C ro ssing D e ta il

S ta tio n
F ea-ture A ttn. G rad e D itch C ut-slo p e S ur-face D eli-ve ry D iam /

sp an
M at C o nd -

itio n
%  o p en O utle t F ish D iver F ill F ilte r S lo p e D ro p P o o l

0 J N N 1 2 G G G Y
3 5 2 G B N -1 G G R

Y
5 3 7 D P N 6 G G G Y
6 8 1 B R N 1 1 G G G Y 5 6

1 6 8 6 D P N 1 0 G G G Y
2 0 1 6 S C N 1 4 G G G Y 2 4 S G 1 0 0 6 N H 9 N 6 6 N
2 0 2 6 S C Y 1 6 G G G Y 1 2 S M 2 0 G N H 7 N 8 5 N

F eatu re  co d es:

S C  =  stream  cro ssing  cu lvert C C  =  c ro ss d ra in cu lvert B R  =  brid g e JN  =  ro ad  ju nc tio n G B  =  g rad e  break P N  =  lo g  p u ncheo n

D R  =  any  o ther d itch re lie f I =  fea tu res req u iring  im m ed ia te  a ttentio n W B  =  w aterbar D P  =  d ip L D  =  land ing

P C  =  p u m p  chance G  =  g a te
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T able D -3.  F ield  data  sheets for sidecast details.  E xam ple included .

R o ad  nam e/N u m ber:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ D ate_ _ _ _ _ _ _ _ _ _ _ _ _ _

Invento ried  by _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S id ecast D eta il
S ta tio n

S tart
(ft)

S ta tio n end
(ft)

%  slo p e
B elo w

M o vem ent
Ind ica to rs. V eg eta tio n F ill co nd itio n F ill d ep th D o w nslo p e  R isk R em ark s

3 4 1 3 3 8 1 4 7 0 S F C 2 H S tream  has w ashed  o u t ro ad .

C o d es: C o d es: C o d es C o d es:

C rack s N o ne S teep  1 5 L o w

D ro p V eg . L o g s M o d era te

S lid e  A ctivity R ep ro d . G o o d H ig h

N o ne F o rested
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R oad D ata  A nalysis

R oa d  d a ta  sh ou ld  be a n a lyz ed  to  d eterm in e w h ich
roa d s, d ra in a g e system s, a n d /or s trea m  crossin g s:

•  a re  n ot fu n ction in g  p rop erly,

•  m a y be d eliverin g  sed im en t to  fish -bea rin g
strea m s,

•  d o n ot p a ss fish  (ca lcu la ted  from  th e d a ta
collected , refer to  O D F & W  fish  p a ssa g e
p rotocol) ,

•  a n d /or p ose a  r isk  to  fish  bea rin g  strea m s (roa d -
rela ted  la n d slid es).

A  n u m ber of in d ica tors  for p oten tia l sed im en t
p roblem s m a y ex ist.   E x a m p les in clu d e:

•  A vera g e d ista n ce to  firs t  cross d ra in  is  over 5 0 0
feet a n d  roa d  g ra d e is  g rea ter th a n  6 % ;

•  C u lverts  th a t a re  m ore th a n  5 0 %  block ed ;

•  L og s in  fills ;

•  S teep  sid eca st w ith  h ig h  d ow n slop e risk ;

•  F ish  bea rin g  strea m s w ith  cu lverts  th a t h a ve a
> 0  foot ou tle t d rop , g ra d ien t over 1 %  a n d  a re  n ot
re ta in in g  sed im en t or d o  n ot h a ve ba ffles .

C a lcu la tion s of th e  roa d  d a ta  ca n  be d on e w ith  a
sp rea d sh eet or d a ta ba se to  a d d ress th ese  roa d
m a in ten a n ce, sed im en t, a n d  fish -p a ssa g e re la ted
con cern s.

R oa d -rela ted  resu lts  ca n  be com bin ed  w ith  tu rbid ity
a n d  ch a n n el in form a tion  to  u n d ersta n d  erosion  a n d
sed im en t p rocesses in  you r w a tersh ed .  I t  is
im p orta n t to  recog n iz e th a t a  correla tion  betw een  th e
th ree m ea su rem en ts m a y n ot reflect ca u se-a n d -effect
re la tion sh ip s.  In  g en era l su ch  re la tion sh ip s ca n  on ly
be a ch ieved  w ith  a  p rop erly d esig n ed  a n d  con tro lled
stu d y.  H ow ever, over tim e th e d a ta  w ill  be  u sefu l for
u n d ersta n d in g  en viron m en ta l tren d s.
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A ppen d ix  E

S ed im en t D ep o sitio n

B ack ground

S edim ent deposition occu rs  w h en th e s trea m  pow er
is  insu fficient to  continu e tra nsporting sedim ent
pa rtic les  a nd sedim ent settles  or  fa lls  ou t of
su spension.  W h ere a nd w h en sedim ent deposition
occu rs  depends on th e

•  siz e of th e pa rtic le ,

•  ch a nnel m orph ology a nd

•  strea m  flow  ch a ra cteris tics .

D eposition ta kes pla ce a t b oth  th e sm a ller  s ite  sca le
(b eh ind a  b ig rock, in  a  deep pool)  a nd th e la rger
rea ch  sca le  ( low er ch a nnel gra dient, m ea ndering
strea m , reservoir) .

S trea m b ed m a ter ia l, referred to  a s  ch a nnel
su b stra te , is  com posed of a  ra nge of different s iz ed
pa rtic les .  F or  ex a m ple, som e strea m  rea ch es h a ve
su b stra te  com posed m ostly  of b edrock w h ile  oth ers
h a ve a  m ix  of b edrock, cob b le, sa nds, a nd gra vels .
In  genera l, sm a ller  pa rtic les  a re  ca rr ied in
su spension for  th e longest tim e.

D escrib ing th e rela tive proportions of pa rtic les  a t a
given s ite  (pa rtic le  s iz e dis tr ib u tion)  provides a n
index  of th e ch a nnel ch a ra cteris tics .  I f th ere a re
ch a nges in  th e a m ou nt of sedim ent a nd th e s iz e of
pa rtic les  th a t a re  delivered to  a  s trea m  rea ch , th en
th e su b stra te  ch a ra cter is tics  m a y ch a nge.  A  ch a nge
in ch a nnel m orph ology a nd h ydra u lics  (for  ex a m ple
pla cem ent of la rge w oody deb ris  enh a ncem ent
projects)  m a y resu lt in  a  ch a nge in  su b stra te  even
w ith ou t a  ch a nge in  sedim ent delivery.

A  strea m  system  ca n b e su b divided into
tra n sp o rta tio n  rea ch es, tra n sitio n a l rea ch es a nd
d e p o sitio n a l rea ch es.  In  genera l, tra nsporta tion
rea ch es consist of s teeper h ea dw a ter  s trea m s w ith
la rge su b stra te  (b ou lders  a nd cob b les)  th a t is  s ta b le
du ring m ost flow s.  F ine sedim ents  delivered to
th ese rea ch es from  th e a dja cent h ills ides a nd
strea m b a nks a re  tra nsported dow nstrea m  du ring
h igh  flow s.  C onversely, depositiona l rea ch es
consist of la rger , low er-gra dient, va lley b ottom
strea m  ch a nnels  th a t h a ve depositiona l fea tu res
(point-b a rs , floodpla ins , m id-ch a nnel point b a rs)
th a t consist of fine sedim ents  su ch  a s fine gra vel,
s ilts  a nd cla ys.

T ra n sp o rta tio n  a n d  d e p o sitio n a l re a c h e s a re  not
id e a l a re a s to  m o n ito r se d im e n t d e p o sitio n .  P a st
s tu dies  h a ve fou nd th a t ch a nges in  sedim ent
deposition a re  difficu lt to  detect in  s teep h ea dw a ter
strea m s a nd low -gra dient r ivers .  T ra nsitiona l
rea ch es m a y b e m ore responsive to  ch a nges in
sedim ent a nd h ydrologic  regim es th a n h ea dw a ter
a nd va lley-b ottom  strea m s.  T h ese interm edia te  s iz e
strea m s a lso provide im porta nt h a b ita ts  for  fish  a nd
a q u a tic  inverteb ra tes .

W a tersh ed m a na gem ent a ctivities  ca n a ffect
w a tersh ed processes b y a lter ing sedim ent delivery
to th e s trea m  netw ork.  L a rge inpu ts  of fine
sedim ent to  th e s trea m  ca n degra de a q u a tic
inverteb ra te  a nd fish  h a b ita ts  a nd a lter  th e s tru ctu re

a nd w idth  of s trea m  ch a nnels  a nd a dja cent r ipa r ia n
z ones (M a cD ona ld et a l. 1 9 9 1 ).  Increa sed
sedim ent inpu t m a y eleva te  su spended sedim ent
concentra tions a nd tu rb idity .  F ine sedim ents  fill
intergra vel spa ces u sed b y a q u a tic  insects  a nd
you ng fish .  P ool freq u ency a nd depth  m a y b e
dim inish ed a nd ch a nnel s inu osity  a nd oth er  ch a nnel
ch a ra cter is tics  ca n b e a pprecia b ly ch a nged.

T h is  protocol ca n b e u sed to  develop som e b a se-
line da ta  on su b stra te  ch a ra cteris tics .  H ow ever,
th ere a re  lim ita tions to  w h a t th is  protocol w ill
revea l a b ou t a  s trea m  ch a nnel a nd potentia l
im pa cts .  F or  ex a m ple, th ere ca n b e s ignifica nt
a ggra da tion (a n increa se in  th e eleva tion of th e
strea m b ed du e to  sedim ent deposition)  w ith  no
ch a nge in  pa rtic le  s iz e dis tr ib u tion.
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T erm s

P a rtic le  s iz e distr ib u tion
T h e rela tive proportions of a  ra nge of different-
s iz ed pa rtic les .  F or  ex a m ple a  s trea m  b ed m a y b e
com posed of 5 0 %  b edrock, 2 5 %  b ou lder, 1 0 %
cob b le, 1 0 %  gra vel a nd 5 %  sa nd a t one sa m ple
point.  T h is  is  th e pa rtic le  s iz e distr ib u tion a t th a t
ch a nnel loca tion.  T h e pa rtic le  s iz e distr ib u tion ca n
b e describ ed for  a  s ite , rea ch , or  b a sin.

S u b stra te
C h a nnel b ed m a ter ia l ( i.e ., b edrock, sa nd, gra vel)
describ ed in  term s of its  pa rtic le  s iz e distr ib u tion.

H a b ita t u nit
U sed to  index  fish  h a b ita t ch a ra cteris tics  (see
O D F & W  fish  h a b ita t inventory m eth ods) .
T ypica lly  describ es ch a ra cter is tics  of pools , r iffles ,
a nd glides .

E quipm ent N eeds

T h e follow ing m a ter ia ls  a re  needed to  im plem ent
th e fie ld m eth ods:

•  T a pe m ea su re, 1 0 0  feet

•  W a ding rod or  su rveyor’ s  rod

•  2 0 ” x 2 0 ”  screen w ith  one inch  grids

•  C lea r  P lex igla s  view ing tu b e

•  D a ta  form s

•  P encils

•  C a m era  (optiona l)

Site  Se lec tion

S trea m  R ea ch
W a tersh ed ch a ra cteris tics  su ch  a s dra ina ge a rea ,
la ndform , a nd s trea m  gra dient ex ert s trong
influ ences on th e ph ysica l h a b ita t of a  s trea m .
T h ou gh tfu l s ite  selection a nd sa m ple design
a cknow ledge th ese rela tionsh ips a nd m a y control
som e of th e va ria b ility  in  th e da ta  a nd im prove th e
sensitivity  of th e a na lysis .
U se th e ob jectives a nd criter ia  describ ed in  C h a pter
3  S ite  S e le c tio n  to  determ ine th e loca tion a nd

nu m b er of s trea m  rea ch es to  b e sa m pled.  T h e
nu m b er a nd loca tion of sa m ple s ites  w ill u ltim a tely
depend on th e m onitor ing ob jectives .  F or  ex a m ple,
if a  pa rticu la r  m a na gem ent a ctivity  w ill b e
m onitored, a  tra nsitiona l rea ch  u pstrea m  a nd
dow nstrea m  of th a t a ctivity  m igh t b e m onitored,
b oth  b efore a nd a fter  th e a ctivity .  I f a n instrea m
restora tion project is  pla nned, m onitor ing th e
pla cem ent s ite  b efore a nd a fter  th e pla cem ent for  a
few  yea rs  w ill b e necessa ry.  I f b a seline or
condition m onitoring is  th e goa l, th en it m a y b e
necessa ry to  ra ndom ly select m u ltiple  sections of
th e tra nsitiona l rea ch es on a  s trea m .  If th e focu s is
on spa w ning gra vels  or  m a croinverteb ra tes , th en
sa m ple rea ch es sh ou ld b e loca ted nea r  th ese s ites .
O nce sa m ple rea ch es a re  designa ted, su b stra te
m ea su rem ents  a nd ob serva tions a re  ta ken a t e leven
cross-sectiona l tra nsects  evenly spa ced a long th e
sa m ple rea ch .

S electing S a m ple R ea ch es
T h e peb b le cou nt a nd percent su rfa ce fine protocols
presented h ere a re  m ost a ppropria te  for  tra n sitio n a l
strea m  rea ch es (describ ed in  th e b a ckgrou nd of th is
ch a pter) .  T h ese tra nsitiona l s trea m  rea ch es often
h a ve m odera te  gra dients  of 2  to  6 % , b oth  erosion
a nd depositiona l fea tu res , a nd a  m ix  of su b stra te
siz es.

T h ese m eth ods a re  not a ppropria te  for
im pou ndm ents , w etla nds, or  la rge s trea m  rea ch es
th a t a re  too deep to  sa fely w a de.  E a ch  m em b er of
th e sa m pling tea m  m u st decide if th e s trea m  is
sa fely w a dea b le b y w eigh ing fa ctors  su ch  a s depth ,
w a ter  velocity , a nd footing.  A  strea m  rea ch  m a y b e
considered for  sa m pling if m ore th a n 5 0 %  of th e
sa m ple rea ch  ca n b e w a ded.

H ow  m a ny sites  per  s trea m ?
T h e loca tion a nd nu m b er of s ites  per  s trea m
depends on th e ob jectives  of th e s tu dy, th e type of
im pa cts , a nd th e resou rces a va ila b le .  I t is
im porta nt to  sa m ple enou gh  sites  to  determ ine th e
inh erent va ria b ility  w ith in a nd a m ong different
sites .

W h en a re s ites  sa m pled?
Idea lly , sa m pling w ill occu r a t or  nea r  low -flow
conditions.  S a m pling sh ou ld not occu r  du ring or
soon a fter  events  su ch  a s a  s torm -rela ted h igh -
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flow s, b eca u se sa m pling m a y not b e sa fe  du ring
th is  tim e a nd sa m pling resu lts  m a y b e considera b ly
different from  sa m ples collected du ring b a se flow
conditions.  D u ring h igh  flow s finer  sedim ent
pa rtic les  m a y b e flu sh ed from  a  coa rse-b edded
strea m b ed a nd m onitor ing resu lts  m a y indica te  a n
even coa rser  s trea m b ed su rfa ce th a n sa m pling
resu lts  collected du ring low er flow s (A da m s a nd
B esch ta , 1 9 8 0 ).

Fie ld  M ethods

O vera ll M eth odology
T h e peb b le cou nt m eth od ca n b e u sed to  provide a
representa tive estim a te of th e s trea m b ed pa rtic le
siz e distr ib u tion (U S E P A  R E M A P ).  S elect th e
sa m ple rea ch  u sing th e cr iter ia  discu ssed a b ove.
E sta b lish  eleven cross-sectiona l tra nsects , evenly-
spa ced a nd perpendicu la r  to  th e a ctive s trea m
ch a nnel.  S u b stra te  s iz e w ill b e m ea su red a t five
sites  on ea ch  of 1 1  tra nsects  u sing a  m odified
peb b le cou nt m eth od (W ollm a n 1 9 5 4 , B a in et a l.
1 9 8 5 , a nd P la fkin et a l. 1 9 8 9 ).

D im ensions of th e S a m ple R ea ch
O nce th e tra nsitiona l sa m ple rea ch  h a s b een
esta b lish ed, th e u pstrea m  a nd dow nstrea m
b ou nda ries  of th e sa m ple rea ch  m u st b e determ ined.
T h e length  of a  sa m ple rea ch  is  4 0  tim es th e low -
flow  ch a nnel w idth  or  a  m inim u m  of 1 5 0  m eters .
M ea su re a nd record th e w etted ch a nnel w idth  of th e
strea m  a t th ree loca tions th a t typify th e s trea m
ch a nnel.  D o not inclu de da m p strea m  m a rgins or
isola ted pools  in  th ese m ea su rem ents .  A vera ge
th ese th ree m ea su rem ents  to  determ ine th e a vera ge
w etted w idth  of th e ch a nnel a nd m u ltiply th is
a vera ge b y 4 0  to  determ ine th e length  of th e
ch a nnel to  inclu de w ith in th e sa m ple rea ch .

T ra nsects
D ivide th e sa m ple rea ch  into 1 0  eq u a l segm ents .
B eginning w ith  th e dow nstrea m  end of th e sa m ple
rea ch , esta b lish  th e firs t of 1 1  tra nsects  (su rveyor’ s
fla gging tied to  vegeta tion m a y b e u sefu l for  th is
pu rpose provided it is  rem oved once th e sa m pling is
conclu ded) .  E a ch  tra nsect is  or iented a cross  th e
ch a nnel a nd is  perpendicu la r  to  th e longitu dina l
a x is  of th e s trea m .  C ontinu e u pstrea m  follow ing
th e w etted edge of th e s trea m  a nd esta b lish  a noth er
tra nsect a  dis ta nce eq u a l to  4  w etted w idth s.

C ontinu e u ntil th e 1 1 th  a nd fina l tra nsect is  pla ced
a t th e u pstrea m  end of th e sa m ple rea ch .  S ta y ou t
of th e s trea m  a s m u ch  a s possib le  du ring th is  tim e
to m inim iz e distu rb a nce of th e su b stra te .  T h is  is
especia lly  im porta nt if w a ter  q u a lity  or
m a croinverteb ra te  sa m ples w ill b e collected in  th e
sa m e rea ch .

Pebble  C ount M ethod

1 . A t th e dow nstrea m  cross-section s ta tion, la y
th e su rveyor 's  rod a cross  th e ch a nnel
perpendicu la r  to  th e flow , w ith  th e "z ero"  end
a t th e left b a nk (determ ined w h en fa cing
dow nstrea m ).  I f th e ch a nnel is  too w ide for  th e
rod, s tretch  th e ta pe in  th e sa m e m a nner.

2 . D ocu m ent th e w idth  of th e ch a nnel from  w etted
b a nk to  w etted b a nk.  D ivide th e w idth  of th e
ch a nnel b y 4 .  T h is  corresponds w ith  th e
dis ta nce increm ents  b etw een sa m pling points .
T h e sedim ent sa m pling points  w ill b e a t th e left
a nd r igh t b a nks a nd a t 1 /4 th , 1 /2 , a nd 3 /4
positions a long th e rod or  ta pe.  T h e resu lt is  a
tota l of 5  m ea su rem ents  a t ea ch  tra nsect.  F or
ex a m ple, if th e s trea m  is  3 0  feet w ide, a
sedim ent m ea su rem ent sh ou ld b e ta ken every
7 .5  feet a nd a t ea ch  b a nk.  T h e b a nk
m ea su rem ents  a re  ta ken ju st a t th e w a ter’ s
edge.

3 . P la ce th e m ea su ring stick u prigh t a t th e firs t
sa m pling point a t th e end of th e ta pe, b eing
ca refu l to  s ta nd dow nstrea m  of th e sa m ple
point.  R ea d a nd record th e depth .  P ick u p th e
su b stra te  pa rtic le  directly  a t th e b a se of th e
stick (u nless  it is  too b ig or  too sm a ll) , a nd
visu a lly  estim a te its  dia m eter  a ccording to  th e
follow ing coded sca le  provided b elow .  T o
m inim iz e b ia s  in  th is  m eth od, it is  im porta nt to
concentra te  on correct pla cem ent of th e
m ea su ring s tick a long th e rod or  ta pe.  P la ce
th e center  of th e s tick perpendicu la r  a nd
a dja cent to  th e m ea su rem ent increm ent on th e
ou tstretch ed ta pe or  rod.  S elect th e pa rtic le
r igh t a t th e b ottom  of th e s tick (not, for
ex a m ple, a  m ore noticea b le  la rge pa rtic le  th a t
is  ju st to  th e s ide of th e s tick) .  T h e re  is  a
te n d e n c y  to  a llo w  th e  ro d  to  s lip  d o w n  th e  fa c e
o f a  ro u n d e d  ro c k  to  a  fla t su rfa c e .  I f th e  ro d
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la n d s o n  th e  s id e  o f a  ro u n d e d  ro c k , th a t is  th e
p a rtic le  to  m e a su re .  R ecord th e pa rtic le  a s  one
of th e follow ing codes:

B S  =  B e d ro c k  (S m ooth ): > 4 0 0 0  m m ;  S m ooth
su rfa ce rock or  h a rdpa n (b igger  th a n a  ca r)

B R  =  B e d ro c k  R o u g h : > 4 0 0 0  m m ; (b igger th a n
a  ca r)

B L  =  B o u ld e rs : > 2 5 0  to  4 0 0 0  m m ;
(b a sketb a ll to  ca r  s iz e)

C B  =  C o b b le s : 6 4  to  2 5 0  m m ; ( tennis  b a ll to
b a sketb a ll)

G C  =  G ra v e l (C oa rse): 1 6  to  6 4  m m ;  (m a rb le
to tennis  b a ll)

G F  =  G ra v e l (F ine): 2  to  1 6  m m ;  ( la dyb u g to
m a rb le)

S A  =  S a n d : 0 .0 6  to  2  m m ; (< la dyb u g siz e, b u t
visib le  a s  pa rtic les; gritty  b etw een fingers)

F N  =  F in e s : < 0 .0 6  m m ; S ilt C la y M u ck; not
gritty  b etw een fingers

W D  =  W o o d : R ega rdless  of s iz e

O T  =  O th e r : M eta l, tires , ca r  b odies , e tc .
rega rdless  of s iz e (pu t in  com m ents  if
“ oth ers” ) .

4 . M ove su ccessively to  ea ch  of th e rem a ining
fou r positions a long th e rod or  ta pe, repea ting
steps 3  a nd 4 .  R epea t th e entire  procedu re a t
ea ch  new  tra nsect.

T a b le E -1 .  F ield  form .

T ran sect N u m b er
(5  p er each

tran sec t)

H ab ita t U n it T yp e

(p oo l, riffle , o r g lide)

C h an n el W id th

(ft)

C h an n el M ax
D ep th

(ft)

C h an n el
G rad ien t

(% )
P artic le
(C ode)

D ep th  a t
sam p le  site

(ft)

1 .1 P oo l 2 5 1 .3 2 B S 0 .1

1 .2 P oo l 2 5 1 .3 2 C B 0 .5

1 .3 P oo l 2 5 1 .3 2 C B 1 .0

1 .4 P oo l 2 5 1 .3 2 S A 0 .8

1 .5 P oo l 2 5 1 .3 2 B S 0 .1

2 .1 G lide 2 7 1 .0 2 .5 C B 0 .1

2 .2 G lide 2 7 1 .0 2 .5 B S 0 .1

2 .3 G lide 2 7 1 .0 2 .5 B S 1 .0

2 .4 G lide 2 7 1 .0 2 .5 S A 0 .5

2 .5 G lide 2 7 1 .0 2 .5 B S 0 .1

If a  m id-ch a nnel b a r  splits  th e w etted ch a nnel, th e
five sa m pling points  sh a ll b e esta b lish ed a s
describ ed a b ove rega rdless  of th e b a r .
C onseq u ently , sedim ent pa rtic les  selected in  som e
tra nsects  m a y b e “ h igh  a nd dry.”  F or  dry ch a nnels ,
m a ke cross  section m ea su rem ents  a cross  th e
u nvegeta ted portion of th e ch a nnel a nd w ith in th e
scou red b a nks.  T a b le  E -1  is  a n ex a m ple of a  fie ld
da ta  form a t to  u se w h en recording da ta .

A ncillary  D ata

W h en a na lyz ing da ta  it w ill b e u sefu l to  h a ve th e
follow ing inform a tion:

•  C h a nnel w idth , m a x im u m  depth , a nd gra dient
a t ea ch  tra nsect

•  H a b ita t u nit type a t ea ch  tra nsect

•  T rib u ta ry ju nctions w ith in th e sa m ple rea ch
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•  C u lverts  th a t dra in to  th e sa m ple rea ch

•  S trea m -side m a na gem ent a ctivities  (roa ds,
h a rvesting, pa stu re, tra il, e tc .)

D ata  A nalysis

A  nu m b er of tech niq u es a re  a va ila b le  to
ch a ra cteriz e da ta  findings.  F or in-depth  rela tiona l
a na lyses  plea se conta ct one of th e m entors  lis ted in
th is  m a nu a l.

C rea te  a  ta b le  to  su m  th e nu m b er of pa rtic les  w ith in
ea ch  siz e cla ss  for  th e entire  rea ch  (T a b le E -2 ).
C a lcu la te  th e percent of peb b les  w ith in ea ch  s iz e
cla ss  a nd th e cu m u la tive percent w ith in ea ch  s iz e
cla ss .  G ra ph  ea ch  of th ese s ta tis tics  on th e sa m e
ch a rt (F igu re E -1 ) u sing a  log/norm a l sca le  (x -a x is
is  log a nd y-a x is  is  norm a l) .

C u m u la tive F req u ency D istr ib u tion
B y gra ph ing cu m u la tive percent, m onitors  ca n
determ ine w h a t th e dom ina nt su b stra te  is  of a
strea m  cross-section or  rea ch .  V a lu es often
reported a re  th e D 3 0 , D 5 0 , a nd D 7 5 .  T h e D 5 0
represents  th e m edia n pa rtic le  dia m eter .  F or
ex a m ple in  F igu re E -1  th e D 5 0  is  6  m illim eters
(m m ).  T h is  m ea ns th a t 5 0 %  of th e pa rtic les  a re
less  th a n 6  m m  a nd 5 0 %  a re grea ter  th a n 6  m m .

T h e D 3 0  is  im porta nt in  term s of effects  on fish  a nd
m a croinverteb ra tes .  I f 3 0 %  of th e su b stra te  is  less
th a n 2  m m  in dia m eter , th ere m a y b e a dverse
im pa cts  to  fish  a nd m a croinverteb ra tes .  In  F igu re
E -1  th e D 3 0  is  1  m m .  T h e D 7 5  represents  th e
dom ina nt su b stra te .  In  F igu re E -1  th e D 7 5  is
a pprox im a tely 2 3 0  m m .

T a b le E -2 .  E xa m p le of  sp rea d sh eet org a n iza tion  for F ig u re E -1  ca lcu la tion s.  D a ta  rep resen t 1 1  tra n sects of  p eb b le cou n t
d a ta .

P artic le  D iam eter

(m m )
T ota l n u m b er fo r 1 1

x-sec .

P ercen t o f T o ta l

(% )

C u m u la tive
P ercen t

(% )

< .0 6 5 9 9

< 2 1 4 2 5 3 5

< 1 6 1 7 3 1 6 5

< 6 4 4 7 7 3

< 2 5 0 3 5 7 8

< 4 0 0 0 1 2 2 2 1 0 0

T ota l =  5 5 T o ta l= 1 0 0

P ercent of T ota l
T h e dis tr ib u tion of pa rtic le  s iz es  th rou gh ou t a
tra nsect or  rea ch  ca n b e seen b y plotting percent of
tota l.  T h is  is  va lu a b le  for  determ ining if th ere is  a
“ b i-m oda l”  dis tr ib u tion ( tw o pea ks in  th e cu rve) .
T h is  is  illu stra ted in  F igu re E -1 .  In  th is  ex a m ple,
a lth ou gh  th e D 7 0  w a s 2 3 0  m m , m ost of th e s trea m
su b stra te  is  ch a ra cteriz ed b etw een 2  a nd 1 2  m m .

P h ysica l a nd M a na gem ent R ela tionsh ips
O nce th e sedim ent ch a ra cteris tics  of a  rea ch  or
w a tersh ed h a ve b een a na lyz ed, re la tionsh ips
b etw een m a na gem ent pra ctices , restora tion

a ctivities , ch a nnel gra dient, ch a nnel w idth , ch a nnel
depth , h a b ita t u nit type, a nd potentia l sou rce a rea s
ca n b e ex a m ined.  A ssessm ents  of w h eth er  th e
prob lem  rea ch es h a ve sedim ent sou rces th a t ca n b e
m itiga ted m a y a lso b e done.   



App. E – Sediment Deposition E- 6 Water Quality Monitoring Guidebook
Version 2.0

R em em b er th a t w ith ou t proper  s tu dy design,
ca u se-a nd-effect rela tionsh ips ca nnot b e
esta b lish ed.  H ow ever , from  a  m onitor ing
perspective, va lu a b le  inform a tion to  h elp gu ide
m a na gem ent decis ions ca n b e crea ted.

F or ex a m ple, if instrea m  fish  restora tion projects
a re  pla nned, th is  inform a tion w ill provide good
pre-trea tm ent da ta .  T h e su b stra te  ch a ra cteris tics
prior  to  restora tion ca n b e com pa red to  su b stra te
ch a ra cteris tics  a fter  th e restora tion a ctivity .  T h e
da ta  ca n a lso h elp determ ine w h ere to  pla ce th e
instrea m  stru ctu re.

20

40

60

80

100

0.0 0.1 1.0 10.0 100.0 1000.0

Particle Size

Cummulative%

% Total

Wolf Creek Reach 1

P
er

ce
n

t 
L

es
s 

T
h

an

F ig u re E -1 .  E xa m p le of  g ra p h ica l d isp la y of  d a ta  for a  rea ch  of  strea m .

Percent-F ines G rid  M ethod

O nce som e of th e prelim ina ry a na lyses  h a ve b een
com pleted, prob lem  a rea s or  specific  q u estions m a y
b e identified.  F or  ex a m ple, a  s trea m  cross-section
m a y h a ve identified w h ere th e su b stra te  is
predom ina ntly  fine m a ter ia l.  M onitors  ca n revis it
th ese s ites  a nd im plem ent th e grid  m eth od describ ed
b elow  to get m ore deta iled inform a tion.

Percent Surface  F ines: G rid  M ethod

T h e grid  m eth od ca n b e u sed to  a ddress  very
specific  ob jectives or  to  focu s on a  pa rticu la r  s ite
q u estion w h ere m ore deta iled da ta  on percent fines
is  needed.  I f sa m pling for  m a croinverteb ra tes , u se
th e grid  m eth od a t th e s ite  w h ere th e
m a croinverteb ra tes  sa m ples a re  collected.  I t is

m ore tim e-consu m ing th a n th e peb b le-cou nt
m eth odology b u t redu ces th e potentia l for  b ia s .
T h e gr id  m eth od ca n b e u sed to  docu m ent a ll
pa rtic le  s iz es  a s  in  th e a b ove procedu re.  H ow ever ,
in  th e follow ing description w e focu s s tr ic tly  on th e
percent of su b stra te  m a de u p of sa nds a nd fines .

S ite  selection
T h e grid  m eth od ca n b e im plem ented a t th e sa m e
sa m ple points  or  a  su b set of sa m ple points  u sed in
th e peb b le cou nt.  I f a  su b set of s ites  it u sed, b e
su re to  sprea d th em  evenly th rou gh ou t th e 1 1
tra nsects  a nd a lterna te  a m ong th e 5  s ite  loca tions
per  tra nsect.

S a m pling T ech niq u e
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1 . P la ce th e 2 0 ” x 2 0 ”  grid  fla t on th e s trea m b ed
su rfa ce a nd cou nt th e nu m b er of gr id
intersections th a t a re  directly  a b ove sa nd or
fine sedim ent pa rtic les  (for  th ese pu rposes fine
sedim ents  a re  < 2 m m  in s iz e, or  sm a ller  th a n a
la dyb u g or  pea ) .  U se th e P lex igla s  view ing
tu b e or  oth er  device su ch  a s a  scu b a  m a sk to
im prove view ing of th e su b stra te  b y redu cing
distor tion a nd gla re  from  th e su rfa ce of
tu rb u lent w a ter .

2 . R ecord th e tota l nu m b er of grid  intersections
th a t a re  a b ove sa nd a nd fine sedim ent pa r tic les

in  th e a ppropria te  loca tion.  A  tota l of 4 0 0
intersections ex ist on th e grid .  N ote if th e s ite
a ppea red to  b e a  depositiona l a rea  su ch  a s a
pool or  a n erosiona l a rea  su ch  a s a  r iffle .

3 . D ivide th e tota l nu m b er of intersections
overlying sa nd a nd fine sedim ent b y th e tota l
nu m b er of intersections su rveyed.  T h is  is  a n
estim a te of th e percent of th e s trea m b ed
su b stra te  th a t is  occu pied or  covered b y fine
sedim ents .
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A ppen d ix  F

M a cro in verteb ra te  T a x a  L ist

T A X O N H B I S D T O L S D IN T O L T O L S E N S

A N N E L ID A

H IR U D IN E A 8 Y e s

O L IG O C H A E T A 6 Y e s Y e s
L u m b ric u l id a e 6 Y e s
T u b ific id a e 6 Y e s Y e s

P O L Y C H A E T A 6

A R T H R O P O D A

A R A C H N O ID E A "H yd ra c a rin a " 5

C R U S T A C E A
C la d o c e ra 8
C o p e p o d a 8
A m p h ip o d a 4

A n iso ga m m a ru s 4
E o ga m m a ru s 6
G a m m a ru s 6 Y e s
H ya le l la  a z te c a 8

D e c a p o d a 6
P a c ifa sta c u s 6

Iso p o d a 8 Y e s
O stra c o d a /P o d o c o p a 8

IN S E C T A
C o le o p te ra

A m p h iz o id a e 1
C h ryso m e l id a e 6
D ryo p id a e 5
D ytisc id a e 5 Y e s
E lm id a e 4

A m p u m ix is 4
A tra c te lm is 4
C le p te lm is 4 Y e s
D u b ira p h ia 6 Y e s
H e te rl im n iu s 4
L a ra 4
M ic ro c y l lo e p u s 4 Y e s
N a rp u s 4

O p tio se rvu s 4 Y e s
O rd o b re via 4
R h iz e lm is 2
S te n e lm is 5 Y e s
Z a itz e via 4 Y e s

G yrin id a e 5
H a l ip l id a e 5 Y e s

B ryc h iu s 5 Y e s
H a l ip lu s 5 Y e s
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

P e l to d y te s 8 Y e s
H yd ra e n id a e 4

H yd ra e n a 4
O c h th e b iu s 4

IN S E C T A
C o le o p te ra (c o n t .)

H yd ro p h il id a e 5
A m e to r 5
B e ro su s 5 Y e s
E n o c h ru s 5
H e lo p h o ru s 5
L a c c o b iu s 5
P a ra c ym u s 5
T ro p iste rn u s 5

N o te rid a e 4
P ro n o te u s 4

P se p h e n id a e 4
A c n e u s 4
D ic ra n o p se la p h u s 4 Y e s
E u b ria n a x 4 Y e s
P se p h e n u s 4 Y e s

P t ilo d a c ty l id a e 5
S c ir t id a e 4
S ta p h y l in id a e 5

D ip te ra
B ra c h yc e ra

A th e ric id a e 4 Y e s
A th e rix 4 Y e s

D o lic h o p o d id a e 4 Y e s
E m p id id a e 6

C h e l ife ra 6
C lin o c e ra 6
H e m e ro d ro m ia 6
O re o ge to n 6 Y e s
W ie d e m a n n ia 6

E p h yd rid a e 6
M u sc id a e 6 Y e s

L im n o p h o ra 6 Y e s
P e le c o rh yn c h id a e 3 Y e s

G lu to p s 3 Y e s
S c io m yz id a e 6
S tra t io m yid a e 8 Y e s

C a lo p a ryp h u s 8 Y e s
E u p a ryp h u s 8

S yrp h id a e 6 Y e s
T a b a n id a e 8 Y e s

M e rc o m yia 6 Y e s
S ilviu s 6 Y e s
T a b a n u s 6 Y e s

N e m a to c e ra
B le p h a ric e rid a e 0 Y e s

A ga th o n 0 Y e s
B ib io c e p h a la 0 Y e s
B le p h a ric e ra 0 Y e s
D io p to p sis 0 Y e s
P h ilo ru s 0 Y e s

C e ra to p o go n id a e 6
C e ra to p o go n in a e 6
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A
D ip te ra

F o rc ip o m yiin a e 6
C h iro n o m id a e 6

C h iro n o m in a e 6
          C h iro n o m in i 6

N e m a to c e ra
C h iro n o m id a e

C h iro n o m in a e     (c o n t .)
          P se u d o c h iro n o m in i 5
          T a n y ta rsin i 6
D ia m e sin a e 2
O rth o c la d iin a e 5
P o d o n o m in a e 6
P ro d ia m e sin a e 6
T a n yp o d in a e 7
          P e n ta n e u rin i 6

C u l ic id a e 8 Y e s
D e u te ro p h le b iid a e 0 Y e s

D e u te ro p h le b ia 0 Y e s
D ix id a e 2

D ixa 2
D ixe l la 2
M e rin go d ixa 2

P syc h o d id a e 1 0
M a ru in a 2
P e ric o m a 4

P tyc h o p te rid a e 7
B it ta c o m o rp h a 7
P tyc h o p te ra 7

S im u liid a e 6
P ro sim u l iu m 3
S im u liu m 6
T w in n ia 6

T a n yd e rid a e 1 Y e s
T h a u m a le id a e 8

T h a u m a le a 8
T ip u l id a e 3 Y e s

M o lo p h ilu s 2 Y e s
A n to c h a 3 Y e s
C ryp to la b is 3
D ic ra n o ta 3 Y e s
H e sp e ro c o n o p a 1 Y e s
H e xa to m a 2 Y e s
L im n o p h ila 2 Y e s
L im o n ia 6 Y e s Y e s
O rm o sia 3 Y e s
P e d ic ia 6 Y e s
R h a b d o m a st ix 3 Y e s
T ip u la 4 Y e s

E p h e m e ro p te ra
A m e le t id a e

A m e le tu s 0
B a e t id a e 4

A c e n tre l la 4
B a e t is 5

B a e t is b ic a u d a tu s 4 Y e s
B a e t is t r ic a u d a tu s 6

C a l l ib a e t is 9 Y e s
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A
E p h e m e ro p te ra

B a e t id a e (c o n t .)
C e n tro p t ilu m 2 Y e s
D a c ty lo b a e t is 6
D ip h e to r  h a ge n i 5
F a l lc e o n 5
P ro c lo e o n 5
P se u d o c lo e o n 4

C a e n id a e 7 Y e s
C a e n is 7 Y e s

E p h e m e re l l id a e 1
A tte n e l la 2
C a u d a te l la 1 Y e s
D ru n e l la 0

D ru n e l la  c o lo ra d e n sis 0
D ru n e l la  c o lo ra d e n sis/ fla vil in e a 0
D ru n e l la  d o d d si 0 Y e s
D ru n e l la  fla vil in e a 0
D ru n e l la  gra n d is 0
D ru n e l la  p e lo sa 0 Y e s
D ru n e l la  sp in ife ra 0 Y e s

E p h e m e re l la 1
E p h e m e re l la  a u rivil l i 1
E p h e m e re l la  in e rm is/ in fre q u e n s 1
E p h e m e re l la  m a c u la ta 1

S e rra te l la 2
S e rra te l la  te re sa 2
S e rra te l la  t ib ia l is 2

T im p a n o ga 7
E p h e m e rid a e 4

E p h e m e ra 4
E p h e m e ra  sim u la n s 7

H e xa ge n ia 6
H e xa ge n ia  l im b a ta 7

H e p ta ge n iid a e 4
C in ygm a 2 Y e s
C in ygm u la 4
E p e o ru s 0

E p e o ru s a lb e rta e 1
E p e o ru s d e c e p t ivu s 0 Y e s
E p e o ru s gra n d is 0 Y e s
E p e o ru s Iro n o p sis 0
E p e o ru s lo n gim a n u s 1

H e p ta ge n ia 4
H e p ta ge n ia /N ixe /L e u c ro c u ta 4
Iro n o d e s 3
L e u c ro c u ta 1
N ixe 4
R h ith ro ge n a 0
S te n o n e m a 5 Y e s

Iso n yc h iid a e 6
Iso n yc h ia 2

L e p to p h le b iid a e 2
C h o ro te rp e s 2 Y e s
L e p to p h le b ia 4 Y e s
P a ra le p to p h le b ia 4

P a ra le p to p h le b ia  b ic o rn u ta 4
P a ra le p to p h le b ia  d e b il is 1
P a ra le p to p h le b ia  gre ga l is 1
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A
E p h e m e ro p te ra  (c o n t .)

P a ra le p to p h le b ia  te m p e ra l is 1
P o lym ita rc yd a e 7

E p h o ro n 7
S ip h lo n u rid a e 7

P a ra m e le tu s 2
S ip h lo n u ru s 7 Y e s

T ric o ry th id a e 4 Y e s
T ric o ry th o d e s 4 Y e s Y e s

H e m ip te ra
B e lo sto m a t id a e 8

B e lo sto m a 8
L e th o c e ru s 8

C o rix id a e 8
C a l l ic o rixa 8
C e n o c o rixa 8
C o rise l la 8
H e sp e ro c o rixa 8
S iga ra 8
T ric h o c o rixa 8
G ra p to c o rixa 8

G e rrid a e 8
G e rris 8

N a u c o rid a e 8
A m b rysu s 8

N o to n e c t id a e 8
N o to n e c ta 8

S a ld id a e 8
S a ld a 8
S a ld u la 8

V e l iid a e 8
M ic ro ve l ia 8
R h a go ve l ia 8

L e p id o p te ra
P yra l id a e 5 Y e s

P e tro p h ila 5 Y e s
M e ga lo p te ra

C o ryd a l id a e 0 Y e s
C o ryd a lu s 0 Y e s
D ysm ic o h e rm e s 0 Y e s
N e o h e rm e s 4 Y e s
O ro h e rm e s 0 Y e s

S ia l id a e 4 Y e s
S ia l is 4 Y e s

O d o n a ta
A n iso p te ra

A e sh n id a e 5 Y e s
A e sh n a 5 Y e s
A n a x 8 Y e s

C o rd u le ga st r id a e 3
C o rd u le ga ste r 3

G o m p h id a e 4
E rp e to go m p h u s 4
G o m p h u s 4
O c to go m p h u s 4 Y e s
O p h io go m p h u s 4 Y e s Y e s

L ib e l lu l id a e 9 Y e s
S ym p e tru m 1 0 Y e s
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A
O d o n a ta (c o n t .)

Z ygo p te ra
C o e n a grio n id a e 9 Y e s

A m p h ia grio n 9 Y e s
A rgia 7 Y e s
C o e n a grio n 8 Y e s
C o e n a grio n /E n a l la gm a 8 Y e s
E n a l la gm a /Isc h n u ra 9 Y e s
Z o n ia grio n 9 Y e s

L e st id a e 9 Y e s
A rc h ile ste s 9 Y e s

P le c o p te ra
C a p n iid a e 1 Y e s

C a p n ia 1 Y e s
E u c a p n o p sis 1 Y e s
P a ra c a p n ia 1 Y e s

L e u c tr id a e 0 Y e s
D e sp a x ia 0 Y e s
L e u c tra 0 Y e s
M o se l ia 0 Y e s
P a ra le u c tra 0 Y e s
P e rlo m yia 0 Y e s
M e ga le u c tra 0 Y e s

N e m o u rid a e 2
A m p h in e m u ra 2
M a le n ka 2
N e m o u ra 1 Y e s
O stro c e rc a 2
P o d m o sta 2
P ro sto ia 2
S o ye d in a 2
V iso ka 0 Y e s
Z a p a d a 2

Z a p a d a  c in c t ip e s 2
Z a p a d a  c o lu m b ia n a 2 Y e s
Z a p a d a  fr igid a 2 Y e s
Z a p a d a  O re go n e n sis G r. 2

T a e n io p te rygid a e 2 Y e s
D o d d sia 2 Y e s
T a e n io n e m a 2 Y e s
T a e n io p te ryx 2 Y e s

C h lo ro p e rl id a e 1
A llo p e rla 1
H a p lo p e rla 0 Y e s
N e a vip e rla 1
P lu m ip e rla 1
S u w a l l ia 1
S w e l tsa 1
K a th ro p e rla 0 Y e s
P a ra p e rla 0 Y e s

P e l to p e rl id a e 1
S ie rra p e rla 1 Y e s
S o l ip e rla 1 Y e s
Y o ra p e rla 1 Y e s

Y o ra p e rla  b re vis 1 Y e s
Y o ra p e rla  m a ria n a 1 Y e s
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A
P le c o p te ra (c o n t .)

P e rl id a e 1
C a l in e u ria 2
D o ro n e u ria 1 Y e s
H e sp e ro p e rla 2
C la a sse n ia 3

P e rlo d id a e 2
C a sc a d o p e rla 2 Y e s
Iso p e rla 2

Iso p e rla  e b ria 2
Iso p e rla  fu lva 2
Iso p e rla  fu sc a 2
Iso p e rla  m a rm o ra ta 2
Iso p e rla  m o rm o n a 2
Iso p e rla  p e te rso n i 2

C u l tu s 2
D iu ra 2
F riso n ia 2
Iso ge n o id e s 2
K o go tu s 2
M e ga rc ys 2 Y e s
O ro p e rla 2
O so b e n u s 2
P e rl in o d e s 2
P ic te t ie l la 2
R ic ke ra 2
S e tve n a 2 Y e s
S kw a la 2

P te ro n a rc y id a e 0
P te ro n a rc e l la 0
P te ro n a rc ys 0

P te ro n a rc ys c a l ifo rn ic a 1
P te ro n a rc ys d o rsa ta 0
P te ro n a rc ys p rin c e p s 0 Y e s

T ric h o p te ra
H yd ro p syc h id a e 4

A rc to p syc h e 1 Y e s
P a ra p syc h e 1

P a ra p syc h e  a lm o ta 2
P a ra p syc h e  e lsis 1 Y e s Y e s

C h e u m a to p syc h e 5 Y e s
H yd ro p syc h e 4 Y e s

P h ilo p o ta m id a e 3
C h im a rra 4
D o lo p h ilo d e s 2 Y e s Y e s
W o rm a ld ia 3 Y e s

P o lyc e n tro p o d id a e 6
N e u re c l ip sis 7
N yc t io p h y la x 5
P o lyc e n tro p u s 6

P syc h o m iid a e 2
P syc h o m yia 2 Y e s
T in o d e s 2 Y e s

A p a ta n iid a e 1 Y e s
P e d o m o e c u s 0 Y e s
A p a ta n ia 1 Y e s
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A
T ric h o p te ra (c o n t .)

B ra c h yc e n tr id a e 1
A m io c e n tru s 3
B ra c h yc e n tru s 1
M ic ra se m a 1
O ligo p le c t ru m 2

C a la m o c e ra t id a e 1
H e te ro p le c t ro n 1

G o e rid a e 1
G o e ra c e a 0 Y e s

H e l ic o p syc h id a e 3 Y e s
H e l ic o p syc h e 3 Y e s

L e p id o sto m a t id a e 1
L e p id o sto m a 1

L e p to c e rid a e 4
C e ra c le a 3
M ysta c id e s 4
N e c to p syc h e 3 Y e s
O e c e t is 8 Y e s
T ria e n o d e s 6 Y e s

L im n e p h il id a e 4
A llo c o sm o e c u s 0 Y e s
C ryp to c h ia 0 Y e s
D ic o sm o e c u s 1

D ic o sm o e c u s a t r ip e s 1 Y e s
D ic o sm o e c u s gilvip e s 2

E c c l iso c o sm o e c u s 0 Y e s
E c c l iso m yia 2 Y e s
O n o c o sm o e c u s 1
A syn a rc h u s 4
C h yra n d a 1 Y e s
C lo sto e c a 4
D e sm o n a 0 Y e s
G ra m m o ta u l iu s 4
H e sp e ro p h y la x 3 Y e s
H o m o p h y la x 0 Y e s
H yd a to p h y la x 1
L e n a rc h u s 3
L im n e p h ilu s 3 Y e s
P h ilo c a sc a 0 Y e s
P syc h o glyp h a 0
P se u d o ste n o p h y la x 1

O d o n to c e rid a e 2
N e ro p h ilu s 2

P h ryga n e id a e 4
P t ilo sto m is 3

S e ric o sto m a t id a e 3
G u m a ga 3

U e n o id a e 0
N e o p h y la x 3

N e o p h y la x  o c c id e n ta l is 1
N e o p h y la x  r ic ke ri 2
N e o p h y la x  sp le n d e n s 2

O ligo p h le b o d e s 0 Y e s
F a ru la 0 Y e s
N e o th re m m a 0 Y e s
S e ric o st r ia ta 0
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T A X O N H B I S D T O L S D IN T O L T O L S E N S

IN S E C T A

T ric h o p te ra (c o n t .)
G lo sso so m a t id a e 0

A ga p e tu s 0
A n a ga p e tu s 0 Y e s Y e s
G lo sso so m a 1 Y e s
P ro to p t ila 1

H yd ro p t il id a e 4
A gra y le a 8
A liso tr ic h ia 4
H yd ro p t ila 6 Y e s
L e u c o tr ic h ia 6 Y e s
N e o tric h ia 4 Y e s
O c h ro tr ic h ia 4 Y e s
O xye th ira 3 Y e s
S ta c to b ie l la 4
P a la e ga p e tu s 4

R h ya c o p h il id a e 1
H im a lo p syc h e 0 Y e s
R h ya c o p h ila 1

R h ya c o p h ila  A lb e rta  G r. 0 Y e s
R h ya c o p h ila  A n ge l ita  G r. 0
R h ya c o p h ila  a rn a u d i 0
R h ya c o p h ila  B e t te n i G r. 1
R h ya c o p h ila  b la rin a 1
R h ya c o p h ila  B ru n n e a  G r. 1
R h ya c o p h ila  C o lo ra d e n sis G r. 2
R h ya c o p h ila  gra n d is 1 Y e s
R h ya c o p h ila  G ra n d is G r. 1 Y e s
R h ya c o p h ila  H ya l in a ta  G r. 1
R h ya c o p h ila  L ie ft in c k i G r. 3
R h ya c o p h ila  m a lk in i 2
R h ya c o p h ila  n a rva e 1
R h ya c o p h ila  N e va d e n sis G r. 2
R h ya c o p h ila  o re ta 0 Y e s
R h ya c o p h ila  O re ta  G r. 0 Y e s
R h ya c o p h ila  p e l l isa 1
R h ya c o p h ila  R o tu n d a  G r. 0 Y e s
R h ya c o p h ila  S ib ir ic a  G r. 0
R h ya c o p h ila  V a grita  G r. 0 Y e s
R h ya c o p h ila  va lu m a 1
R h ya c o p h ila  V e rru la  G r. 0 Y e s
R h ya c o p h ila  V o fixa  G r. 0 Y e s

M O L L U S C A
G a stro p o d a

A n c y l id a e 6 Y e s
F e rrissia 6 Y e s Y e s

H yd ro b iid a e 5
F lu m in ic o la 5 Y e s

L ym n a e id a e 6 Y e s Y e s
F o ssa ria 6 Y e s Y e s
L ym n a e a 6 Y e s Y e s
S ta gn ic o la 6 Y e s Y e s

P h ysid a e 8 Y e s
P h ysa 8 Y e s
P h yse l la 8 Y e s Y e s
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M O L L U S C A
G a stro p o d a (c o n t .)

P la n o rb id a e 6 Y e s Y e s
G yra u lu s 8 Y e s Y e s
P la n o rb e l la 7 Y e s Y e s
P ro m e n e tu s 6 Y e s Y e s
V o rt ic ife x 6 Y e s Y e s

P le u ro c e rid a e 7
Ju ga 7 Y e s Y e s

V a lva t id a e 8
V a lva ta 8

P e le c yp o d a
C o rb ic u l id a e 9

C o rb ic u la 9 Y e s Y e s
S p h a e riid a e 8

P isid iu m 8
U n io n id a e 4 Y e s

G o n id e a 4 Y e s
M a rga rit ife ra 4 Y e s

C O E L E N T E R A T A
H yd rid a e 5 Y e s

H yd ra 5 Y e s

N E M A T O D A 5

N E M A T O M O R P H A 6

P L A T Y H E L M IN T H E S
T U R B E L L A R IA 4

P O R IF E R A S p o n gil l id a e 6

B I =  B io t ic  In d e x  va lu e .  U se d  fo r  c a lc u la t in g th e  H B I (H ilse n h o f B io t ic  In d e x)

S D  T O L  =   S e d im e n t  T o le ra n t  T a xa

S D IN T O L  =  S e d im e n t  In to le ra n t  T a xa

T O L  =  T o le ra n t  T a xa

S E N S  =  S ensitive  T axa




