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ABSTRACT 

Jasper, S . ,  M.L. Bothwell  and R.  Mitchell. 1984. A mul t ip le   t rough 
appara tus  f o r  year-round  s tudies  o f  periphyton.   Inland Waters 
Di rec to ra t e ,  Vancouver, B.C. 

T h i s  r e p o r t  describes a mul t ip le   t rough  appara tus  f o r  periphyton 
research b u i l t   n e x t  t o  t h e  South Thompson River ,  a t  Chase, B r i t i s h  
Columbia. Detailed technica l   d rawings  are presented   toge ther  w i t h  

r e s u l t s  from some o f  the  i n i t i a l  tests used to   eva lua te   per formance .  
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RESUME 

Jasper, S. , M .L. Bothwell  and R. Mitchell. 1984. A multiple t rough 
appara tus  f o r  year-round studies o f  periphyton.   Inland Waters 
D i r e c t o r a t e ,  Vancouver, 'B.C. 

Ce rappor t  d e m i t .  un appareil 'a a u g e s   m u l t i p l e s   q u i   f u t   c o n s t r u i t  
p o u r   f a i r e  de l a  recherche s u r  l e  p&r iphy ton ,   su r  l e  bord de l a  r i v i h e  
Thompson 'a Chase en  Columbia-Britanique. Le rappor t   p re sen te  'a l a  f o i s  
des d e s s i n s   t e c h n i q u e s   d e t a i l &  de l ' a p p a r e i l  et  les  r d s u l t a t s  de 
quelques-uns des premiers tests utilises pour  6valuer l e  fonctionment de 
1 appare i l .  
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1. Int roduct ion 

Experimental  flowing  troughs have  been  used extensively t o  study 

periphyton  communities  (see  references i n  Bothwel l  1983). The 

a b i l i t y   t o   c o n t r o l   c e r t a i n  environmental  parameters  such  as l i g h t ,  

flow  rate,  chemistry, and substratum has substantial ly  increased  the 
accuracy and i n t e r p r e t i v e  power o f  the resul ts.  The experimental 

design and const ruct ion  o f   these  ar t i f ic ia l   t roughs,  however, has t o  
be ca re fu l l y  planned t o  provide maximum f l e x i b i l i t y   o f  experiments 

and rep roduc ib i l i t y  o f  data. 
Previous  studies on the Thompson River system  near Kamloops, 

B.C., Canada, u s i n g   a r t i f i c i a l  troughs, documented substant ia l  
e f fects  o f  small  absolute changes i n  phosphorus concentrations on 

periphyton  growth  rates and physiology  (Bothwell 1983, Bothwell and 
Jasper 1983, and Bothweil i n  press). These studies were conducted on 

th ree   d i f f e ren t   r i ve rs  showing small,  but  important,  differences i n  

ambient concentrations o f  phosphorus. Further  studies, however, 

required  that  the  experiments be conducted a t  one loca t i on  where 

differences i n  water  chemistry,  temperature, and a l g a l  communities 

between the troughs,  could be eliminated. I n  addit ion,  to  describe 
the  effects  of  temperature,  the  seasonal  range o f  ambient  water 

temperatures  would have t o  be used.  Thus, a large  annual  temperature 
range was desirable. 

year-round studies  of  periphyton. The f a c i l i t y  was completed i n  the  

f a l l   o f  1983 and routine  experiments were s tar ted i n  the  spring  of 
1984. 

This  report  describes a multiple  trough  apparatus  designed for  

2. Acknowledgements 
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3. S i t e  
7 

The prime  consideration i n  choosing  the  location  for  the  f ield 

s i t e  was the a v a i l a b i l i t y   o f  low phosphorus-containing  water. 

Previous  studies on the Thompson R i v e r  system (Bothwell and Jasper 

1983) showed tha t   the  South Thompson R iver   a t  Kamloops had very  low 

soluble  react ive phosphorus (SRP) l eve l s  (1-3 ppb) and even lower 

orthophosphorus  concentrations  (less  than 0.5 ppb, unpublished  data; 
determined by '5 bioassay as out l ined by R ig le r  1966). Further 
upstream, where t h e   r i v e r   e x i t s   L i t t l e  Shuswap Lake a t  Chase 
(Fig. l), i t  has the addi t ional  advantage o f  lower   turb id i ty   leve ls .  
Furthermore, h i s t o r i c a l l y  the r i v e r  temperature shows a  large 
seasonal  range,  from l 0 C  i n  February t o  around  18OC'in August. The 

a v a i l a b i l i t y   o f  city-owned  land  adjacent t o  the  r iver  provided  an 
exce l l en t   s i t e   f o r   t he  experiments. 

4. Construction 

The overal l   design  of  the  apparatus is based  on ear l ie r   s tud ies  

using  continuous-flowing  troughs with Styrofoam-DB substratum 

(Bothwell and Stockner 1980, Bothwell 1983). Modif icat ions  al low  for 

up t o  twelve  troughs t o  be used simultaneously with independent 

cont ro l   o f   f low volumes, f low  ve loc i t ies,  and l i gh t   l eve l s .  The 

apparatus i s  also  "winterizedp1 and capable o f  year-round  operation. 

River water i s  pumped continuously  at  approximately 1000 L/min 

(0.6 c fs )   to   a  1400 L PVC tank  (Figs. 2, 3 and 4). The l e v e l  ( o r  
head) i s  kept  constant  by means of an overflow  standpipe. From the 
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tank  the  flow  proceeds  through a large-diameter  horizontal  pipe 
(Fig. 5 )  where i t  i s   d i s t r i b u t e d   t o   t w e l v e  20 L mixing  tanks. 
Contro l   o f   f low volume t o  each o f  these  tanks i s  accomplished using 

individual  gate  valves. The water  then  leaves  the  mixing  tanks and 

i s  d i rec ted   t o   t he  "head"  end o f  twelve  Plexiglas  troughs (200 cm 

long, 19 cm wide, 5 cm high;  Fig. 6). Water i s  co l l ec ted   a t   t he  
"foot" end,  combined,  and returned t o  the  r i v e r  approximately 50 m 
downstream of   the  in take.  

To ensure t h a t  experiments  can be run a l l  year  the  apparatus i s  

designed t o  operate  continuously even a t  sub-zero ( O C )  ambient 
temperatures. For t h i s  reason  the ent i re apparatus,  except f o r   t he  

Plexiglas  troughs, i s  enclosed i n  an insulated  bui ld ing  (Fig.  7).  
Heat i s  provided by three 3000 W heaters while, t o  prevent  heat loss, 
the  tanks and  most o f  the plumbing  are  covered with f ibreglass 
insulat ion.  The troughs  are  protected by  removable Plexiglas  covers 

(Fig. 6 ) .  Elec t r i c   fans  blow room air   out   a long  the  t roughs t o  

prevent  condensation and water freezing above and  below the  covers. 

T h i s   a i r   i s   c o l l e c t e d   a t  t he  foot  end of   the  t roughs and i s  
redirected back i n t o  the main bui lding. 

The covers  are  constructed from c lear   P lex ig las  that  i s  opaque 
t o  U.V. (UF1 type:  less  than 0.5% transmission  at wavelengths less 
than 360 nm). This  prevents the p o t e n t i a l  for U.V. i n h i b i t i o n  of 
periphyton  growth. They are   a lso   bu i l t  i n  two layers  to   a l low  the 

inser t ion   o f   neut ra l   dens i ty  screens t o  study  the  effects  of 
decreased  ambient l i g h t   l e v e l s  on  growth and physiology. 

The volume o f  water f lowing i n  each trough  can be independently 
controlled  using  the  gate  valves. I n  add i t i on   t he   t o ta l  water 

pressure  (head) i n  the system  can be a l te red  by adjust ing  the  height 
of t he  overflow  standpipe i n  the headtank. .This would af fect   the 

amount of   f low  to  a l l   the  t roughs  s imultaneously.   Flow volumes t o  
each trough  are measured by  removing the  standpipe i n  the  mixing 

tank,  replacing i t  with an exact  length  of  pipe and  measuring the  
t ime  to  overf low  the  p ipe. A constant   mul t ip l ier  is then  used t o  

convert t o  a f low volume. Flow veloc i ty  i n  each trough  can  be 
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Figure 5. Interior of main shed  showing  the  nutrient  containers,  the  horizontal 
water distribution  pipe  (covered  with  reflective  fibreglass  insulation) 
and  part o f  the  water  supply piping to each o f  the  twelve  mixing tanks. 

figure 6. Side view  of the  twelve  continuous-flow troughs.  The forsground set 
of the  three  troughs  shows  the normal  operation.  Other  troughs  have 
the  Plexiglas  covers  removed  for  sampling. 
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Figure  7.  Front   v iew o f  mult ip le   t rough  apparatus  dur ing  the   winter  o f  1984. 



- 10 - 

contro l led by al ter ing  the  volume.of  f l o w  or  by a l te r ing   the   he igh t  

o f   t h e  head  end o f  the trough. Both these  adjustments  affect  the 
depth of water f low over  the  substratum. 

Each trough can be supplied with a predetermined  concentration 
of added nutr ient .   High  precis ion  p iston pumps (RH type, F l u i d  

Metering  Inc., N.Y.) continuously pump f rom stock  so lu t ions  to   the 
plast ic  mixing  tanks  via  small-bore  tygon  tubing. The end of the 
tube i s  posit ioned within the 2" i n l e t  p i p e   t o  each tank  (Fig. 3 ) .  
This ensures  complete  mixing o f   the  added nut r ients  with the 

i n f l ow ing   r i ve r  water. 

5. Evaluation 

The test ing  and.evaluat ion  o f  t he  multiple  trough  apparatus has 

spanned s i x  months and i s  on-going. One aspect i s  concerned with the  

actual  operation  of  the  apparatus under various weather conditions. 

The other is the  evaluat ion  o f   th is   par t icu lar   exper imenta l  approach 
for  periphyton  studies. 

The apparatus was completed i n  November, 1983, and r i v e r  water 

has been flowing  through i t  almost  continuously  since  that  time. 

Despite  temperatures i n  the winter o f  around -25OC there were no 

major  problems with water  freezing i n  o r  around the  troughs. 

One p o t e n t i a l  problem tha t  was not foreseen was the accumulation 

o f  fine sand and s i l t  i n  the main d is t r ibu t ion   p ipe .  The r i v e r  water 
a t  Chase s t i l l  contains enough par t icu la te  mater ia l   that ,   over  a long 
period  of  t ime (months), s e t t l e s  i n  the  relat ively  non-turbulent 
distr ibut ion  p ipe.  This  can  eventual ly  resul t  i n  a s l i g h t  decrease 
i n  the flow volumes t o  one or  more o f   t h e  troughs. The problem i s  

a l l ev ia ted  by  removing a cleanout a t  one end of  the  pipe and f lush ing 
the  mater ia l  away. This i s  now performed rou t i ne l y  between 

experiments. 
Flow volumes t o  each trough  are measured before and af ter  each 

experiment and, apart from the  complication  noted above, have  been 
i '  
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very  consistent.  Variations i n  flows between troughs, and over  time, 
were less  than 10%. 

To examine whether there would  be s ign i f icant   d i f ferences i n  
periphyton  accumulation between and within the  troughs, we conducted 
an  experiment  during January, 1984. Troughs were  numbered l . t o  12 

from west t o  east. All were f i l l e d  with styrofoam  substrata and 
allowed to   co lon ize   a t   iden t ica l   f low volumes o f  50 L/min. Four 

rep l i ca te  Styrofoam  cores (4.9 sq. cm) were taken  from  the head, 

middle and f o o t   o f  each t rough  a f ter  7 and 14 days. Cores were 

extracted i n  90% acetone and analyzed  f luorometr ical ly  for  

chlorophyl l  - a as described  by  Bothwell and Jasper  (1983). 

. .  Data from the  7 day sampling showed no s ign i f icant   d i f ferences 
between or  within the  t roughs  af ter  two troughs (115 and #6) were 

excluded.  (These were determined  afterwards t o  have  a d i f f e r e n t  
t ex tu re   o f  Styrofoam i n  them. Precautions were taken  a f te r   th is  

experiment t o  ensure that   the same q u a l i t y   o f  substratum was used i n  
a l l  the  experiments). An analysis  of  variance on t h i s  data  set  (#5 

and t 6  excluded) showed s im i la r  mean square ra t i os   f o r  the troughs  as 
fo r  the repl icates. (Subsequent. ana lys is   o f   rep l i ca te   var iab i l i t y  

showed an  average c o e f f i c i e n t   o f   v a r i a t i o n   o f  10%). Af te r  14  days 
there were small  differences i n  the amounts of  chlorophyl l  i n  each 

trough  (Fig. 8). Excluding  troughs #5 and #6, the average 
ch lo rophy l l   leve l  was  2.43  mg/m + 9%. The  mean square r a t i o s   f o r  
the troughs were fourfold  h igher  than  for  the rep l icates (0.203 vs. 
0.052, F-probabi l i ty  = 0.002). Despite th i s   f ac t ,   t he re   d id   no t  
appear t o  be  any systematic  trend with trough number. No s ign i f i can t  

differences were seen a t  any t ime  between different  sampling 

locat ions within the  troughs  (Fig. 9 ) .  

2 - 

These dif ferences i n  periphyton  accumulation  after two weeks a re  
probably the r e s u l t   o f   s l i g h t   v a r i a t i o n s  i n  f low  ra tes  and/or 

Styrofoam texture between the  troughs. The differences  are  thought 

t o  be r e l a t i v e l y  small, however,  compared t o   t h e  changes i n  

periphyton  accumulation between troughs  that  are  expected t o   o c c u r '  
dur ing  rout ine experiments. 
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To examine how w e l l  chemicals  introduced in to  the  mix ing  tanks 

would m i x  with t h e   r i v e r  water, we performed tests   us ing  the dye 
Rhodamine WT. The dye was  pumped i n t o   t h e  stream of i n f l ow ing   r i ve r  

water i n  the  mixing  tank i n  the same  way as chemicals  would be 

added. Using  continuous-flow  fluorometry  the  concentration o f  dye 

across and down the  length of a  trough  did  not  vary  over  the  timespan 
o f  an hour. Visual  observations showed that  the  pulses o f  dye 

(approximately one per second) mixed  very we l l  with the  in f lowing 

water i n  the  tank. Thus the  mixing o f  added chemicals was no t  

thought t o  pose a  problem for  our  experiments. 
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Figure 10. Sampling  the  Styrofoam substratum. 
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