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THE USE OF ECHOSOUNDING EQUIPMENT 

IN LIMNOLOGY AND ECOLOGY CLASSES  

INTRODUCTION: Chart recording echosounders of the  kind now widely used f o r  

spo r t f i sh ing  i n  lakes  a r e  valuable f o r  describing t h e  s p a t i a l  and temporal 

d i s t r i b u t i o n  of f i s h ,  zooplankton and rooted aquat ic  p l an t s .  The equipment 

employs high-frequency sound, t yp ica l ly  near 200 kHz, f o r  use i n  shallow, 

freshwater  lakes .  Sound of t h i s  frequency i s  r e f l ec t ed  by ob jec t s  i n  t he  s i z e  

range of cladocera and copepoda (0.5 - 5mm diameter) ,  which a r e  t y p i c a l l y  t h e  

predominant freshwater zooplankton (McNaught 1968, 1969). Of course, l a r g e r  

ob jec t s ,  such a s  f i s h ,  a l s o  r e f l e c t  these  frequencies. 

The instrument we w i l l  demonstrate is a Lowrance X-16 computer sonar. It 

f ea tu re s  a high resolu t ion  p r in tou t  (125 l i n e s  per i nch ) ,  va r i ab le  pulse length  

(30 t o  2,000 us)  and dual t ransducers  ( 8 o r  20 degree beam angle) .  It operates 

o f f  of a 12 v o l t  ba t t e ry  and may be purchased through the  manufacturer, a t  an 

educational i n s t i t u t i o n  discount ,  f o r  about $575.00, Depending on the  

accessor ies  you choose. 

The s h o r t e s t  sonic  pulses (30 us)  emit ted by the  the  Lowrance X-16 

echosounder can discriminate between objec ts  t h a t  a r e  separated from each o ther  

by a v e r t i c a l  d is tance  of 2.5 cm. Echotraces can be recorded from objec ts  i n  

a l l  depths beneath the  water sur face ,  o r  a range of intermediate depths can be 

se l ec t ed  and t r a c e s  from objec ts  only i n  t h i s  increment recorded. The operat ing 

c h a r a c t e r i s t i c s  a r e  cont ro l led  by a microprocessor s o  t h a t  d i f f e r e n t  
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combinations of depth range,  c h a r t  speed,  a c o u s t i c  pu l se  d u r a t i o n ,  and o t h e r  

c h a r a c t e r i s t i c s  can be s e l e c t e d  r a p i d l y  wi th  a keyboard. These f e a t u r e s  enable  

t h e  equipment t o  provide much in format ion  t h a t  i s  no t  d e t e c t e d  by convent ional  

sampling with  n e t s .  The technique can be used q u a n t i t a t i v e l y  and o b v i a t e s  many 

of t h e  problems a s s o c i a t e d  wi th  t r a d i t i o n a l  sampling, such as:  a c t i v e  n e t  

avoidance by and patchy d i s t r i b u t i o n  of zooplankton, working wi th  hazardous 

p r e s e r v a t i v e s ,  and t e d i o u s  and t ime consuming count ing of samples. The 

echograms ob ta ined  are conc i se  g r a p h i c  records  t h a t  show i n s t a n t a n e o u s l y  how 

popula t ions  of zooplankton and p e l a g i c  f i s h e s  are d i s t r i b u t e d  wi th  r e s p e c t  t o  

each o t h e r ,  t o  f e a t u r e s  of underwater topography, and t o  a r e a s  occupied by 

roo ted  a q u a t i c  p l a n t s .  Depths f o r  convent ional  sampling can be s e l e c t e d  

j u d i c i o u s l y  based on t h i s  in format ion  . 
Zooplankton a r e  t y p i c a l l y  d i s t r i b u t e d  heterogeneously,  and t h e  d e n s i t y  of 

echo t races  v a r i e s  correspondingly a long t h e  depth- scale  of a n  echogram. 

S c a t t e r i n g  l a y e r s ,  dep ths  where zooplankton a r e  abundant,  o f t e n  a r e  conspicuous 

f e a t u r e s  which appear  as bands of high d e n s i t y  t r a c i n g s .  The depth l i m i t s  of 

s c a t t e r i n g  l a y e r s  sometimes co inc ide  wi th  l a y e r s  of water  t h a t  can be 

d i s t i n g u i s h e d  from each o t h e r  on t h e  b a s i s  of temperature  and concen t ra t ions  of 

d i s s o l v e d  subs tances ,  but  some s c a t t e r i n g  l a y e r s  a r e  n o t  c l o s e l y  r e l a t e d  t o  

wate r  s t r a t a .  Depths of s c a t t e r i n g  l a y e r s  o f t e n  change somewhat dur ing  a day as 

zooplankton migra te  v e r t i c a l l y  (Northcote ,  1964).  There fore ,  boundaries  of 

s c a t t e r i n g  l a y e r s  g e n e r a l l y  r e p r e s e n t  ins tan taneous  depth d i s t r i b u t i o n s  of 

d i f f e r e n t  zooplank te rs .  Environmental c o n d i t i o n s  a t  t h e s e  boundaries  t h u s  

appear t o  be of c r i t i c a l  importance f o r  t h e  physiology and behavior  of 

zooplankton. 
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WORKSHOP DEMONSTRATION: We w i l l  use  t h i s  workshop t o  demonstrate t h e  use  of 

echosounders i n  o b t a i n i n g  in format ion  about  a number of phys ica l  and b i o l o g i c a l  

parameters  i n  Lake Minnetonka, and t o  d i s c u s s  s e v e r a l  o t h e r  p o s s i b l e  

a p p l i c a t i o n s  f o r  c l a s s  o r  i n d i v i d u a l  s t u d e n t  p r o j e c t s .  

Lake Minnetonka is a l a r g e  l a k e  c o n s i s t i n g  of a group of in te rconnec ted  

"kettle hole"  bas ins  s i t u a t e d  i n  g l a c i a l  d r i f t  i n  e a s t e r n  Hinnesota ,  about 20 

m i l e s  west of Minneapolis.  The l a k e  became an  important  vaca t ion  and t o u r i s t  

a r e a  i n  t h e  l a t e  19th cen tury ,  and subsequent ly  became a commuter suburb of 

Minneapolis i n  t h e  1950's. Lake Minnetonka has been t h e  s u b j e c t  of ex tens ive  

l imnolog ica l  s tudy ,  l a r g e l y  because p lank ton ic  a l g a e  became very abundant due t o  

i n c r e a s e d  sewage e f f l u e n t  t o  t h e  l a k e  t h a t  diminished t h e  l a k e ' s  r e c r e a t i o n a l  

va lue  (Megard, 1977). Sewage d i v e r s i o n  i n  t h e  e a r l y  1970's r e s u l t e d  i n  an 

amel io ra t ion  of t h i s  concern, and i n  much of t h e  l a k e  algae a r e  now much l e s s  

abundant. It is t h e  home of t h e  Gray Freshwater  I n s t i t u t e ,  which i s  a s s o c i a t e d  

with  t h e  U n i v e r s i t y  of Minnesota. 

The demonstra t ion w i l l  be done i n  C r y s t a l  Bay ( s e e  map), which has an  a r e a  of 
6 2 

3.4 * 10 m , a mean depth of 8.5 m and a maximum depth of about 30 m. The 

procedure we w i l l  fo l low i s  g iven  below: 

1 )  Two complete t r a n s e c t s  of t h e  bay a t  cons tan t  boat  speed and echosounder 

s e t t i n g s  w i l l  be made. Th is  w i l l :  

a )  provide a s k e t c h  o f  t h e  morphometry of t h e  basin .  

b )  demonstrate how t h i s  equipment can be used t o  survey roo ted  a q u a t i c  

macrophytes. 

c )  determine t h e  depth of t h e  mixed l a y e r  and any h o r i z o n t a l  

i r r e g u l a r i t i e s  t h a t  might be p r e s e n t  due t o  i n t e r n a l  s e i c h e s .  
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d )  i n d i c a t e  t h a t  t h i s  technique can n o t  on ly  l o c a t e  i n d i v i d u a l  f i s h ,  but  

a l s o  be used t o  survey f i s h  popula t ions  and t h e i r  d i s t r i b u t i o n .  

e )  i n d i c a t e  dep ths  a t  which s c a t t e r i n g  l a y e r s  e x i s t ,  and which a r e  

t h e r e f o r e  of i n t e r e s t  t o  sample more e x t e n s i v e l y  wi th  t r a d i t i o n a l  

techniques .  

f) i n d i c a t e  a l o c a t i o n  i n  t h e  b a s i n  i n  which t o  do t h e  more e x t e n s i v e  

sampling. 

g) I f  meteorological  c o n d i t i o n s  permi t ,  t h e s e  t r a n s e c t s  may a l s o  a l low t h e  

demonstra t ion of Langmuir c i r c u l a t i o n  and t h e  c o n c e n t r a t i o n  of zooplankton 

i n  reg ions  of c u r r e n t  convergence. 

2) A sampling l o c a t i o n  w i l l  be chosen ( t r a d i t i o n a l l y ,  t h e  deepes t  s p o t  i n  t h e  

l a k e  is used)  and we w i l l  double anchor t o  provide a s t a t i o n a r y  plat form on 

which t o  work. The fo l lowing  measurements w i l l  t h e n  be made: 

a) a remote sens ing  t h e r m i s t o r  ( a v a i l a b l e  from F i s h e r  f o r  $400.00) w i l l  be 

used t o  c o n s t r u c t  a v e r t i c a l  temperature  p r o f i l e .  

b )  An oxygen meter  ( a v a i l a b l e  from F i s h e r  f o r  about  $500.00) w i l l  be used 

t o  c o n s t r u c t  a v e r t i c a l  oxygen p r o f i l e .  Oxygen may be measured l e s s  

expens ive ly  and e a s i l y  by t h e  Winkler t i t r a t i o n  method (American P u b l i c  

Heal th  Assoc. 1985) 

c) A t h r e e - l i t e r  Van Dorn water  sampler (Wildco, $300.00) w i l l  be used t o  

c o l l e c t  water  samples at  des igna ted  depths .  The samples w i l l  be f i l t e r e d  

on board us ing  a hand-held vacuum p u m p / f i l t r a t i o n  system ( F i s h e r ,  $45.00) 

and 0.45um g l a s s- f i b e r  f i l t e r s .  The c h l o r o p h y l l  samples t h u s  ob ta ined  

w i l l  be v i s u a l l y  examined, but  it is a s imple  procedure t o  measure t h e  

ch lorophyl l  q u a n t i t a t i v e l y  (Am. Pub. Heal th  Assoc. 1985).  
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d )  A Sch ind le r  t r a p  (Wildco, $300.00) w i l l  be used t o  sample zooplankton 

at  des igna ted  depths .  Zooplankton n e t s  could be s u b s t i t u t e d ;  they a r e  

more l a b o r i o u s  bu t  much less expensive. The samples w i l l  be inspec ted  

v i s u a l l y  and i f  t ime permi t s ,  microscopical ly .  

3)  We w i l l  r e t u r n  t o  t h e  Gray I n s t i t u t e  t o  examine and d i s c u s s  our  r e s u l t s .  

C o r r e l a t i o n s  between t h e  echo t rac ings ,  temperature ,  oxygen, c h l o r o p h y l l  and 

zooplankton p r o f i l e s  w i l l  be examined, and a summary f i g u r e  cons t ruc ted .  

OTHER APPLICATIONS SUITABLE FOR CLASS PROJECTS: The echosounder is a v e r s a t i l e  

t o o l ,  and may be e a s i l y  adapted t o  a v a r i e t y  of e c o l o g i c a l  and l imnolog ica l  

s t u d i e s .  A few a r e  mentioned below: 

a )  Surveys and e s t i m a t e s  of f i s h ,  zooplankton, and macrophyte d i s t r i b u t i o n  

and abundance. 

b )  Monitoring of t h e  ampli tude and t iming  of zooplankton diel v e r t i c a l  

migra t ion .  

c )  Demonstration of c o r r e l a t i o n s  between zooplankton and o t h e r  

b i o l o g i c a l l y  s i g n i f i c a n t  parameters ,  such as :  phosphorus (which 

zooplankton a r e  thought t o  r e c y c l e  and s e c r e t e ) ,  ch lorophyl l  (which 

zooplankton e a t ) ,  and oxygen and carbon d iox ide  (which zooplankton consume 

and g e n e r a t e  r e s p e c t i v e l y ) .  
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Figure  1. Acoust ic  s c a t t e r i n g  l a y e r s  i n  Elk Lake dur ing  mid-morning, 21 

J u l y  1986, recorded a long  a t r a n s e c t  marked wi th  dashed l i n e  on t h e  l a k e  

map. Top echogram recorded dur ing  a t r a v e r s e  from shal low t o  deep wate r ,  

and bottom echogram recorded dur ing  t h e  r e t u r n  t o  shal low water .  Note 
0 

s c a l e s  f o r  depths  on t h e  r i g h t  and s c a l e s  f o r  temperature  ( C )  and 
- 1 

d i s s o l v e d  oxygen (mg l i t e r  ) on t h e  l e f t .  Echosounder o p e r a t i n g  
0 

c h a r a c t e r i s t i c s :  Top echogram, 8 t r a n s d u c e r ,  200 usec  s o n i c  pu l se  
0 

d u r a t i o n ,  s e n s i t i v i t y  2, g r a y l i n e  1 ;  bottom echogram, 8 t r a n s d u c e r ,  50 

usec s o n i c  pu l se  d u r a t i o n ,  s e n s i t i v i t y  7,  g r a y l i n e  o f f .  
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APPENDIX 

EQUIPMENT LIST FOR WORKSHOP 

1)  Lowrance X-16 computer s o n a r .  $575.00 w i t h  e d u c a t i o n a l  d i s c o u n t .  Ta lk  t o  
Char ley Ramsey 1-800-331-3889. Lowrance E l e c t r o n i c s  I n c . ,  12000 E. S k e l l y  D r . ,  
Tu l sa ,  OK 74128. 

2)  Remote s e n s i n g  t h e r m i s t e r .  $500.00. Many o f f i c e s ,  we u s e  F i s h e r  
S c i e n t i f i c ,  10230 West 70th  S t . ,  Eden P r a i r i e ,  MN 55344. (612) 941-5460. 

3 )  Oxygen meter .  $500.00. F i s h e r  S c i e n t i f i c .  See  #2 above. 

4 )  Van Dorn wate r  sampler .  $300.00. Wildco, 301 Cass St . ,  Saginaw, M I  
48602. (517) 799-8100. 

5 )  S c h i n d l e r  t r a p .  $300.00. Wildco, s e e  #4 above. 

6 )  Nalgene vacuum pump (hand- held).  Nalgene Labware Department, Nalge Co., Box 
365, Roches te r ,  NY 14602. (716) 586-8800. 
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