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ABSTRACT 

Studies were conducted to determine the capability of a new (1984 model) 
side-scanning sonar counter developed by Bendix Corporation for enumerating 
adult salmon (Oncorhynchus spp.) in the Susitna River. The objectives of the 
studies were to assess salmon migration in the water column above the volume 
sampled by existing side-scanning sonar counters, determine the maximum 
counting range of the new counter at the study site, assess horizontal 
distribution of fish targets from shore, and compare salmon enumeration 
capabilities of the new and existing sonar counters within the normal 
counting range of the existing counters. Results indicated that an average of 
5.9% of the fish counted were in the upper portion of the water col umn, and 
not available for counting with the existing equipment. In addition, 32% of 
the fish enumerated were offshore of the counting range of the existing 
counter. Changes in temporal variation in horizontal distribution of fish 
were also detected. Comparison of counts recorded by the existing and new 
counters within the same counting range resulted in a 1% difference in total 
count. 

KEY WORDS: Side-scanning sonar counters, salmon enumeration, migration, 
horizontal distribution, Susitna River. 



INTRODUCTION 

The Sus i tna  R iver  i s  l oca ted  i n  t h e  no r the rn  p o r t i o n  o f  Cook I n l e t  and d ra ins  
an area exceeding 49,000 km2 (Figure 1 ) .  The salmon stocks o f  t he  Susi tna 
R iver  drainage are major c o n t r i b u t o r s  t o  t h e  Cook I n l e t  spo r t  and commercial 
salmon harvest .  F i ve  species o f  Paci f i c salmon (Oncorhynchus spp. ) spawn 
w i t h i n  the  drainage and the  system i s  w ide l y  thought t o  be the  l a r g e s t  s i n g l e  
producer o f  p i n k  salmon (0 .  gorbuscha), chum salmon (0 .  ke ta ) ,  coho salmon 
(0 .  k i s u t c h ) ,  and chinook salmon (0 .  tshawytscha) i n  Cook I n l e t .  

Determining t o t a l  escapement i n t o  t h e  Susi tna R iver  i s  complicated by the 
g l  ac i  a1 nature,  mu1 t i p 1  e channel s, and cons tan t l y  changing r i ve rbed  
morphology o f  t h e  mainstream r i v e r  and major t r i b u t a r i e s .  A v a r i e t y  o f  
escapement mon i to r i ng  programs have been conducted on t h e  r i v e r  s ince 1963 
(Tarbox e t  a l .  1983), cu lminat ing  i n  t he  opera t ion  o f  two Bendix Corp. 1978 
model s ide-scanning sonar counters a t  Susi tna S t a t i o n  beginning i n  1978. 

Resul ts  o f  hydroacoust ic  s tud ies  conducted from 1978 through 1983 are 
documented i n  the  Alaska Department o f  F ish  and Game, D i v i s i o n  o f  Commercial 
F i she r ies  Technical Data Report se r i es  (Tarbox e t  a1 . 1983; King and Tarbox 
1983; and King and Tarbox 1984). Add i t i ona l  comment on the  accuracy o f  
Susi tna R iver  escapement est imates can be found i n  Thompson and B a r r e t t  
(1983) and King (1984). Conclusions drawn t o  da te  r e l a t i v e  t o  t h e  a b i l i t y  o f  
t h e  1978 model counter  t o  accura te ly  assess escapement i n t o  the  Susi tna R iver  
a t  Sus i tna  S t a t i o n  i n  pas t  years are genera l l y  summarized below. 

1) The d i s t r i b u t i o n  o f  f i s h  t a r g e t s  from shore has exceeded t h e  18 m 
count ing  range o f  t he  e x i s t i n g  1978 model Bendix s ide-scanning 
sonar counter and associated subs t ra te .  This  has r e s u l t e d  i n  a low 
est imate o f  t h e  t o t a l  number o f  f i s h  m ig ra t i ng  pas t  t he  count ing 
s i t e .  

2) The degree o f  shore o r i e n t a t i o n  va r ied  by species. The r e s u l t a n t  
sonar counts apport ioned t o  species r e f 1  ected on ly  t h e  p r o p o r t i  on 
o f  each species caught by f ishwheels sampling w i t h i n  9 m o f  shore. 

3) Salmon m ig ra t i on  has been in f luenced by a number o f  f ac to rs ,  
i n c l u d i n g  r i v e r  morphology and water discharge l e v e l .  These f a c t o r s  
a f f e c t  salmon swimming behavior and may r e s u l t  i n  f i s h  m ig ra t i on  
through areas o f  t he  water column no t  monitored w i t h  hydroacoust ic 
equipment. 

P r i o r  t o  t h e  1984 f i e l d  season, Bendix Corporat ion was cont rac ted  by the  
Alaska Department o f  F i sh  and Game t o  develop a side-scanning sonar counter 
w i t h  l ong  range count ing c a p a b i l i t i e s  which d i d  n o t  r e q u i r e  t h e  use o f  t h e  
e x i s t i n g  18 m t u b u l a r  aluminum substrate.  Because o f  t he  enumeration problems 
encountered i n  prev ious years, Susi tna S t a t i o n  was chosen as a t e s t  s i t e  fo r  
t he  Bendix Corp. experimental long-range subst ra te less  side-scanning sonar 
counter.  This  r e p o r t  describes the  r e s u l t s  o f  p r e l i m i n a r y  t e s t i n g  of t he  1984 
counter i n  t he  Susi tna R iver  a t  Susi tna S t a t i o n  from 19 J u l y  through 24 J u l y  
1984. Ob jec t ives  o f  t he  study were t o :  



Figure 1. Susi tna River drainage and major tributaries.  



1) Assess salmon migration in the water column above the volume 
normally sampled by the 1978 counter; 

2) Determine maximum counting range of the 1984 counter a t  the study 
s i t e ,  and assess horizontal dis t r ibut ion of f i sh  targets  within 
that  counting range; and 

3) Compare salmon enumeration capabi l i t ies  of the 1978 and 1984 
counters within the normal electronic counting range of the 1984 
counter. 

METHODS 

Equipment Descr i~ t ion  

The 1978 and 1984 side-scanning sonar counters, as with a l l  sonar systems, 
convert e lec t r ica l  energy into acoustical energy (sound waves) and provide 
i nformat i on about underwater targets by measuring returning echoes. Both 
counters consi s t  of an electronic sounder/processor, transducer, 
osci l l  oscope, 12 v bat ter ies ,  solar panels, and necessary e l ec t r i c  cable. The 
effect ive angles of detection are 2 degrees and 4 degrees. Pulse width of the 
transmitted sound wave i s  100 microseconds, and the pulse rep i t i t ion  ra te  and 
source level (level of voltage applied to  the transducer) are variable. 

Both sounder/processors enumerate targets  on the basis of returning echo 
strength and number of echoes returned. The processor accumulates and pr ints  
the counts on tape, in one-hour intervals ,  for  each of the 1 inear sectors.  
Each sector i s  defined as one-twelfth (1978 model) or one-sixteenth (1984 
model) of the total  counting range. 

The 1978 counter was designed to  be used in conjunction with an 18 m tubular 
aluminum substrate (Figure 2) .  The substrate provides an aiming surface, and 
forces f i sh  into the ensonified area as they attempt to  migrate upstream. The 
substrate i s  made up t o  three 5.6 m long sections with two 0.9 m couplers 
that  s l ide  together with a 0.5 m overlap forming a single unit .  Offshore 
target  and onshore transducer housing sections terminate the assembly ends. 
The substrate design includes two vortex shedding f ins  which provide 
s t a b i l i t y  in the current and aid in positioning the substrate re la t ive  t o  the 
bot tom.  The substrate res t s  on the stream bottom perpendicular to  the channel 
axis. Aiming i s  accomplished by manually adjusting knobs attached t o  the 
transducer which control vertical  and horizontal movement. 

The 1984 counter i s  f i t t e d  with two transducers which can be used 
individually, or a1 ternately f i red for  variable time periods. Different 
transducer housings were developed a t  Susitna Station for each transducer in 
1984 (Figure 3 ) .  One transducer was attached to  the vertical  arm of a tripod 
which rested on the streambed. Vertical and horizontal movement (aiming) of 
the transducer a f t e r  deployment required the use of two e l ec t r i c  rotators  
manufactured by Biosonics, Inc. This transducer was referred to  as the tripod 
mounted transducer. The second transducer was placed in a stationary 
nearshore housing which could be moved vert ical ly  in the water column, and 
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aimed i n  a manner s i m i l a r  t o  t h a t  of t h e  1978 model. This  t ransducer  was 
des igna ted  t h e  f l o a t i n g  t ransducer .  

Addit ional  d i f f e r e n c e s  between t h e  counters  i ncl udes a maximum source 1 eve1 
( v o l t s  peak t o  peak) f o r  t h e  1984 counter  of 240 v a s  con t r a s t ed  t o  t h e  
maximum 60 v a v a i l a b l e  from t h e  1978 counter .  The 1984 counter  a1 so  includes 
a "rock i n h i b i t o r "  func t ion  (Menin, pers .  comm.). This f e a t u r e  e l imina te s  
counts  from any s t a t i o n a r y  t a r g e t s  which r e t u r n  a t a r g e t  s t r e n g t h  i n  excess  
of -38 db. The blanking a f f e c t ,  which a l s o  includes f i s h  passing through t h e  
a rea ,  has a r e s o l u t i o n  of 0.4% of t h e  counting range f o r  each s t a t i o n a r y  
t a r g e t  encountered. F ie ld  modif icat ion of the counter  a t  Susi t n a  S t a t i o n  
allowed observers  t o  monitor t a r g e t s  passing through t h e  i n h i b i t e d  a rea  v i a  
t h e  osc i l1oscope .  

The accuracy of  both counters  i s  assessed  by comparing t h e  r a t i o  of  v i sua l  
(o sc i l l o scope )  counts  t o  processor  counts .  This  r a t i o  can then be used t o  
a d j u s t  t h e  pulse  r e p e t i t i o n  r a t e  of e i t h e r  counter .  In add i t i on ,  t h e  1984 
model counter  i s  cons t ruc ted  t o  allow manual adjustment of t h e  f i s h  c r i t e r i a  
(number of h i t s  requi red  t o  count a t a r g e t  a s  a f i s h )  wi th in  each l i n e a r  
s e c t o r .  

A more d e t a i l e d  d e s c r i p t i o n  of t h e  theory of opera t ion  of t h e  Bendix 
Corporation s ide-scanning  sonar  counter  (pre-1984 models),  and a d e s c r i p t i o n  
of t h e  e l e c t r o n i c  equipment a r e  presented in  Gaudet (1983). Procedures f o r  
deployment and opera t ion  of t h e  1978 model s ide-scanning sonar  counter  a r e  
descr ibed  in  Bendix Corp. (1980). Comparable information f o r  t h e  1984 model 
s ide-scanning  sonar  counter  can be found in  Bendix Corp. (1984).  

Study S i t e  

The 1978 counter  t u b u l a r  aluminum s u b s t r a t e  was deployed a t  a s i t e  on t h e  
e a s t  bank of t h e  Sus i tna  River near  Sus i tna  S t a t i o n  o r i g i n a l l y  e s t a b l i s h e d  in  
1978 (Figure 4 ) .  The 1984 counter  f l o a t i n g  t ransducer  housing and t r i p o d  
mounted t r ansduce r  housing were deployed approximately 3 m and 9 m downstream 
of t h e  1978 model counter  s u b s t r a t e ,  r e s p e c t i v e l y  (Figure 5 ) .  

River bottom p r o f i l e s  were e s t a b l i s h e d  a t  t h e  1978 counter  and 1984 counter  
t r i p o d  mounted t r ansduce r  i n s t a l l a t i o n  s i t e s .  A s t a f f  gauge was i n s t a l l e d  a t  
t h e  s tudy  s i t e  t o  monitor water depth changes. A c u r r e n t  v e l o c i t y  p r o f i l e  was 
developed along a t r a n s e c t  from shore s t a r t i n g  a t  t h e  1978 counter  and ending 
a t  a d i s t a n c e  of  123 m o f f sho re .  S t a t i o n s  were s e l e c t e d  a t  6 m t o  15 m 
i n t e r v a l  s and vel oci t y  measurements were taken a t  t h e  s u r f a c e ,  bottom, and 
fou r  mid-water i n t e r v a l s  with depths equal t o  20, 40, 60, and 80% of t h e  
d i s t a n c e  from s u r f a c e  t o  bottom. 

The d i s t a n c e  from shore a t  which each p i ece  of equipment was deployed was 
p r imar i ly  a func t ion  of bottom topography and water depth.  The 1978 counter  
r e q u i r e s  a minimum water depth of 0.5 m a t  t h e  t ransducer  f o r  c o r r e c t  
ope ra t ion .  A t  t h e  Sus i tna  S t a t i o n  e a s t  bank sonar  s i t e ,  t h i s  meant deployment 
a t  a d i s t a n c e  o f f sho re  of  3.4 m f o r  t h e  water l e v e l s  experienced dur ing  t h e  
s tudy per iod .  In  o rde r  t o  ensonify t h e  water  volume immediately above t h a t  of 
t h e  1978 counter  v i a  t h e  1984 counter  and f l o a t i n g  t r ansduce r ,  i t  was 
necessary t o  p lace  t h i s  t ransducer  i n  water approximately 0.6 m deep. A t  t h e  
s tudy s i t e  t h i s  meant placement of t h e  f l o a t a t i o n  t ransducer  housing a t  a 



East B a n k  Sonar S i t e  

Susi tna Sta t ion 

A Approximate d is tance  from t h e  
r i v e r  m o u t h  in  miles.  

Flathorn 

Figure 4 .  Upper Cool: I n l e t  Commercial Fisheries Division lower Susi tna River 
sampling s i t e  loca t ions ,  1954. 



East bank f i  shwheel 

D i r e c t i o n  o f  f l o w  

Bendix l o n g  range sonar s u b s t r a t e  w i t h  
h o r i z o n t a l  and v e r t i c l e  r o t a t o r s  

Bendix s i d e  scan sonar s u b s t r a t e  

0 3 6 9 1 2  15  18 21 
D I S T A N C E  FROM S H O R E  ( M )  

Bendix l o n g  range f l o a t i n g  housing 
s u b s t r a t e  

F i g u r e  5. Approximate l o c a t i o n  o f  sampl ing equipment on t h e  e a s t  bank o f  t h e  Sus i t na  
R i v e r  a t  Sus i tna  S t a t i o n ,  1984. 



distance offshore of 5 m.  Placement of the 1984 counter tr ipod mounted 
transducer required a f l a t  or gradually changing s t r a igh t  bottom 
configuration which was available only a t  a distance offshore of 7.3 m .  

Sampl i nq Desi qn 

During the  study period of 19 July through 24 July ,  three t e s t s  were designed 
t o  meet the  project  objectives.  Each t e s t  required a d i f f e r en t  sampling 
design. 

Vertical Distr ibution of Targets: 

The 1984 counter transducer mounted in the  f loa t ing  housing was fixed a t  a 
distance from the  riverbed bottom calculated t o  be immediately above the 
depth of the  transducer mounted in the  1978 counter subst ra te  housing. The 
transducer was then aimed t o  cover the  water column above t ha t  ensonified by 
the  1978 counter. Data collected with t h i s  transducer were compared with 
counts from the  1978 counter f o r  the  same hours t o  assess the  degree of 
salmon migration in the  upper water column. 

In order t o  aim the  1984 counter f loa t ing  transducer so t h a t  i t  was 
ensonifying the  area above t ha t  of the  1978 counter (Figure 6 ) ,  the  following 
s teps  were taken. 

1) After aiming the  1978 counter transducer, the  maximum beam width a t  
the  end of the  18 m e lect ronic  counting range was calculated (0.64 
m) . 

2 )  This maximum beam width was added t o  the  depth required f o r  the  
subs t ra te  (0.2 m) fo r  a t o t a l  distance from the  bottom ensonified 
by the  1978 model counter a t  an 18 m e lect ronic  counting range of 
0.84 m .  

3) Total water depth a t  the  end of the 18 m e lec t ron ic  counting range 
of t he  1978 counter was 3.4 m .  

4) The 1984 counter f loa t ing  transducer was aimed t o  h i t  the  water 
surface a t  the  same distance from shore as the  end of the 1978 
counter beam. A t  the  resu l tan t  e lect ronic  counting range of 16.5 m, 
the  beam width was calculated t o  be 0.57 m .  

5) The maximum width of the  area ensonified by both counters was then 
calculated t o  be 1.41 m ( the  sum of the distance from r i v e r  bottom 
t o  top of area ensonified by the  1978 counter, and the  distance 
from the  water surface t o  the  bottom of the  area ensonified by the 
1984 counter) .  

6)  This l e f t  a depth of approximately 2 m between the  areas ensonified 
by the  two counters a t  the  end of the counting range. 

7) The number of turns necessary t o  reaim the  1984 counter f loat ing 
transducer down ve r t i c a l l y  so t ha t  i t  was ensonifying the  area 
immediately above t ha t  of the  1978 counter was calculated (0.2 m 
per turn, or  10 turns  fo r  2 m ) .  



F i g u r e  6 .  R e l a t i v e  s i z e  and l o c a t i o n  o f  t r a n s d u c e r  beams used t o  f i s h  v e r t i c a l  d i s t r i b u t i o n  d a t a  i n  

t h e  S u s i t n a  River a t  S u s i t n a  S t a t i o n ,  1984. 



Operat ion o f  t he  1978 counter encompassed a  d is tance from shore o f  21.4 m 
(sum o f  t he  18 m e l e c t r o n i c  count ing range and 3.4 m d is tance from shore t o  
t h e  t ransducer) .  Since the  1984 counter was pos i t i oned  an a d d i t i o n a l  1.6 m 
o f fshore ,  on l y  counts from w i t h i n  an e l e c t r o n i c  count ing range o f  16.5 m were 
used f o r  a  t o t a l  count ing d is tance from shore o f  21.5 m. Data ana lys is  
cons is ted  o f  computation o f  p ropo r t i on  o f  counts i n  the  upper water column, 
and 1  i n e a r  regress ion  ana lys is  t o  determine i f  t h e  p ropo r t i on  o f  t a r g e t s  i n  
t he  middle s t r a t a  o f  t he  water column was dependent on the  dens i t y  o f  t a r g e t s  
i n  t h e  bottom s t r a t a  o f  t h e  water column. 

Hor izonta l  D i s t r i b u t i o n  o f  Targets: 

The 1984 counter  and t r i p o d  mounted transducer were used t o  c o l l e c t  
i n fo rma t ion  on ho r i zon ta l  d i s t r i b u t i o n  o f  f i s h  t a r g e t s  o f f sho re  t o  the  
maximum count ing  range a v a i l a b l e  f o r  t h i s  counter a t  t h e  study s i t e .  The 
maximum count ing  range was es tab l ished by i n i t i a l l y  s e t t i n g  the  count ing 
range t o  i t ' s  maximum o f  150 m, aiming along t h e  bottom, and determin ing the  
p o i n t  a t  which a c h a r a c t e r i s t i c  bottom t r a c e  was no longer  v i s i b l e .  A t  the  
se lec ted  study s i t e ,  t h i s  d is tance equated t o  an e l e c t r o n i c  count ing  range o f  
33 m. Because the  transducer was deployed 7.3 m from shore, t h e  actual  
d is tance from shore t h a t  t he  counter was able t o  moni tor  f i s h  passage was 
40.3 m. 

Data were grouped i n  b locks o f  24 hours o r  l e s s  and the  p r o p o r t i o n  o f  t a r g e t s  
c a l c u l a t e d  by sec tor .  Data were then subjected t o  a  chi -square t e s t  t o  
determine if apparent changes i n  d i s t r i b u t i o n  o f  counts by sec tor  over t ime 
were s i g n i f i c a n t .  

Comparison o f  1978 and 1984 Model Counters: 

Counts recorded by the  1978 and 1984 counters se t  t o  enumerate f i s h  t a r g e t s  
w i t h i n  t h e  same d is tance from shore and du r ing  the  same hour per iods were 
c o l l e c t e d  t o  evaluate the  performance o f  t he  1984 model counter  r e l a t i v e  t o  
the  1978 model counter and associated subs t ra te  c u r r e n t l y  i n  use a t  Susi tna 
S ta t i on .  

Comparison of f i s h  t a r g e t s  enumerated by the  1978 counter and 1984 counter 
w i t h  t h e  t r i p o d  mounted transducer a t  equal d is tances from shore requ i red  
d i f f e r e n t  e l e c t r o n i c  count ing ranges f o r  each counter,  because the  
transducers were deployed a t  d i f f e r e n t  d is tances from shore. The 1978 counter 
e l e c t r o n i c  count ing  range was se t  a t  24.4 m and t h e  1984 counter  e l e c t r o n i c  
count ing  range was s e t  a t  20.5 m. When these e l e c t r o n i c  count ing  ranges were 
ac t ive ,  t he  d is tance from shore monitored by each counter was approximately 
27.8 m. 

I n  a l l  h o u r l y  t e s t i n g  periods, both counters used the  a l t e r n a t e  count ing  mode 
( a l t e r n a t i n g  2 degree and 4  degree t ransmiss ions) ,  and were c a l i b r a t e d  p r i o r  
t o  and immediately a f t e r  each t e s t  o r  s e t  o f  t e s t s .  I n  add i t i on ,  each hou r l y  
t e s t  p e r i o d  was scheduled t o  begin on the  hour t o  correspond w i t h  the  normal 
1978 counter  da ta  p r i n t o u t  schedule. 

I n  o rder  t o  prevent  b ias ing  o f  comparative data, a t tend ing  b i o l o g i s t s  worked 
independent o f  each o ther  as much as poss ib le .  Tests were conducted and 
r e s u l t s  recorded w i thou t  comparison o f  data o r  d iscussion o f  r e s u l t s .  



Data c o l l e c t e d  were subjec ted  t o  Wilcoxen's d i s t r i b u t i o n - f r e e  signed rank 
t e s t  (Zar 1974) t o  t e s t  s t a t i s t i c a l l y  t h e  hypothesis  of no d i f f e r e n c e  in  
t o t a l  f i s h  t a r g e t s  counted by t h e  counters  dur ing  comparative t e s t i n g  
per iods .  

RESULTS AND DISCUSSION 

Bottom p r o f i l e  measurements taken in t h e  v i c i n i t y  of t h e  Sus i tna  S t a t i o n  e a s t  
bank sonar  s i t e  a r e  given i n  Table 1. The two p r o f i l e s  a r e  p l o t t e d  out  t o  44 
m in  Figure 7. Negl ig ib le  d i f f e r e n c e  i n  t h e  two p r o f i l e s  o f f sho re  of 
approximately 20 m was a t t r i b u t e d  t o  a r e l a t i v e l y  uniform bottom p r o f i l e  
throughout t h e  a r ea .  

Current  v e l o c i t y  measurements taken on 22 June a r e  presented in  Table 2 .  The 
s t a f f  gauge reading of 0.12 m f o r  t h a t  day f e l l  wi th in  t h e  range of s t a f f  
gauge readings  during t h e  s tudy period of  0.11 m t o  0.29 m .  Changes in  
c u r r e n t  v e l o c i t y  on t h e  r i v e r  bottom a r e  gene ra l ly  r e l a t e d  t o  changes in  
d ischarge .  Changes in  c u r r e n t  v e l o c i t y  a t  Sus i tna  S t a t i o n  in  t h e  summer 
months probably a r e  not  measurable a t  changes in  d ischarge  of l e s s  than 
approximately 600 cubic  meters per  second (mA3/sec), o r  a change in  depth 
g r e a t e r  than 0.3 m (Lavine, pers .  comm.) . The t o t a l  change i n  d i scharge  a t  
Sus i tna  S t a t i o n  during t h e  s tudy period was est imated t o  be approximately 175 
mA3/sec (provis iona l  d a t a ,  USGS), with a maximum d a i l y  change of 
approximately 100 mA3/sec inc rease  from 21 J u l y  t o  22 J u l y  and 100 mA3/sec 
decrease  from 22 J u l y  t o  23 J u l y .  Since d ischarge  l e v e l s  d i d  not  vary 
apprec iab ly  dur ing  t h e  period of  s tudy ,  changes observed i n  f i s h  d i s t r i b u t i o n  
and behavior were not thought t o  be a response t o  changes in  c u r r e n t  
v e l o c i t y .  

A t o t a l  o f  30 hours of d a t a  were c o l l e c t e d  s imultaneously by both t h e  1978 
counter  and t h e  1984 counter  with t h e  t ransducer  mounted in  t h e  f l o a t i n g  
housing. These d a t a  were used t o  a s s e s s  t h e  degree of migrat ion which 
occurred i n  t h e  water column above t h a t  monitored by t h e  1978 counter .  
Resul t s  a r e  presented in  Table 3 .  Of t h e  16,707 t o t a l  f i s h  counted by both 
coun te r s ,  991 (5.9%) were enumerated by t h e  1984 counter .  The propor t ion  of 
counts  enumerated in  t h e  a r ea  not normally monitored by t h e  1978 counter  
ranged from 1.2% t o  14.5%. 

These propor t ions  probably r ep re sen t  minimum l e v e l s  of  migrat ion in  t h e  water 
column above t h a t  normally monitored by t h e  1978 counter  s i n c e  t h e r e  remained 
an unmonitored c ros s - sec t iona l  a r ea  of t h e  water column near  t h e  su r f ace .  
This  unmonitored por t ion  of t h e  water  column was c a l c u l a t e d  t o  extend t o  a 
depth from t h e  s u r f a c e  of approximately 0 .4  m a t  t h e  f l o a t i n g  t r ansduce r  t o  
approximately 2.0 m a t  t h e  18 m count ing range.  A1 so ,  because t h e  two beams 
were no t  i n  t h e  same v e r t i c a l  p lane ,  t h e  percentage of f i s h  above t h e  1978 
counter  beam may have been higher  due t o  t h e  a f f e c t  of t h e  weir  and s u b s t r a t e  
on f i s h  behavior.  

Counts from t h e  1984 counter  were p l o t t e d  aga ins t  counts  from t h e  1978 
counter  t o  i l l u s t r a t e  poss ib l e  c o r r e l a t i o n  between t h e  two d a t a  s e t s  (Figure 
8 ) .  The apparent  c o r r e l a t i o n  was confirmed by sub jec t ing  t h e  d a t a  t o  a simple 
l i n e a r  r eg re s s ion  a n a l y s i s .  The c a l c u l a t e d  r va lue  of 0 .73 was g r e a t e r  than 
t h e  t a b l e d  r va lue  (alpha = 0.05, 28 d f )  of  0.361, lead ing  t o  r e j e c t i o n  o f  



Table 1 .  Bottom profi le  measurements taken a t  the Susitna Station east  bank 
sonar s i t e ,  Susi tna River, 1984. 
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Table 2 .  Current velocity in meters per second a t  selected distances from 
shore in the Susitna River a t  the Susitna Station east  bank sonar 
s i t e ,  198411. 

D e o t h  clf D i s t  arice f r c ~ m  sh111r-e I m )  
Velocity __-___-_------------------------------------------------- 
Read i rig 3 3 18 33 48 63 78 33 108 123 

-------.-------------------------------------------------------------- 
0.3-rn from 
51-irface 0.15 0.73 1.10 1 .  1.13 1.13 1.13 1.04 (3.73 0.82 

0. 3-m from 
b o t t o m  0.15 0.18 0.67 (3 .43 0.40 t:).40 0.43 0.37 0.24 0.40 

..................................................................... 
T c ~ t  a1 
D e p t h  

1/ Measurements taken on 22 June 1984. Staff gauge reading - 0.1 m .  



Table 3. Comparison of f i sh  t a rge t s  enumerated in  the middle and bottom 
s t r a t a  of the water column during selected time periods between 
19 July  and 24 July 1984 a t  Susitna Sta t ion.  

__---___-_-_---____--------------------------------------------------- 
P e r - c e n t  

M i d d l e  HI:I t t o r t i  i n  M i d d l e  
D a t e  HCI ccr St r a t  a Strata C c t r n b i r ~ e d  S t r a t a  

1'3 J u l y  1300 8 236 304 2 .  E, 

21 J u l y  1300 
2000 
El00 

23 J u l y  0 1 00 
0300 
(3500 
0 7 C) (1) 
0300 

24 J u l y  0100 
c7 3 (1) (:I 
0 5 0 (1) 
0700 
0300 
1800 
PO00 
220(j 

----------------------------------------------------------------------- 
Total 33 1 15716 16707 5.3 



400 600 
BOTTOM STRATA COUNT 

0 Observed Expected 0 Lower 35% c o n f i d e n c e  1  i m i  t A Upper 9 5 h o n f  i dence  1  i m i  t 

F i g u r e  8. Regress ion  a n a l y s i s  o f  t h e  number o f  f i s h  pe r  hour recorded s i m u l t a n e o u s l y  i n  t h e  bot tom and m i d d l e  
s t r a t a  o f  t h e  wa te r  column on t h e  e a s t  bank o f  t h e  S u s i t n a  R i v e r  a t  S u s i t n a  S t a t i o n ,  1 9  J u l y  th rough  
24 J u l y  1984. 



the  hypothesis (Ho: r = 0 ) .  Analysis of variance calcula t ions  provided an f -  
s t a t i s t i c  of 32.86, indicating tha t  variance of the  y-values over the  range 
x-values was equal. However, only 54% of the  t o t a l  va r i ab i l i t y  was due t o  the 
regression.  This was in terpreted t o  mean t h a t ,  although there  was a posi t ive  
corre la t ion between f i sh  density within the  two water column s t r a t a ,  
unidentif ied sources of e r ro r  l im i t  the  value of the regression slope fo r  
predic t ive  purposes. In contras t ,  Nickerson and Gaudet (1984) found n o  
corre la t ion between f i s h  dens i t i es  a t  various s t r a t a  in the  water column a t  
t h e i r  Yukon/Kuskokwim River t e s t  s i t e s .  

Horizontal d i s t r ibu t ion  of f i sh  t a rge t  from shore was assessed via the  1984 
counter using the  tr ipod mounted transducer. The selected e lec t ron ic  counting 
range of 33 m ,  beginning 7.3 m offshore provided information on targets  
migrating within 40.3 m of the  shoreline.  The 33 hours of data  gathered in 
t h i s  counting mode a re  summarized in Table 4. 

A t o t a l  of 32,275 f i sh  t a rge t s  were recorded, with 43% of the  t a rge t s  passing 
between 21.4 m and 28.3 m from shore (sectors  s i x  through e i g h t ) .  Seventy- 
f i ve  percent of the  t a rge t s  were counted offshore of the  dis tance typ ica l ly  
monitored by the  1978 model counter (21.4 m). 

However, recognition of offshore migration in previous years a t  Susitna 
Sta t ion led t o  an adaptation of the  counting technique fo r  the  1978 counter 
used i n i t i a l l y  in 1983 (King and Tarbox 1984). This technique, which was 
continued in 1984, per iodical ly  extended the  e lec t ron ic  counting range t o  a 
known dis tance beyond the  normal counting range ( the  normal counting range i s  
defined as t he  offshore t a rge t  end of the  subst ra te  or  18 m), and a r a t i o  of 
counts within the  normal counting range t o  counts outside the  normal counting 
range was generated. This r a t i o  was then applied t o  the  da i ly  count t o  more 
accurately estimate the  da i ly  escapement. Fish t a rge t s  recorded by the  1984 
counter outside of the  adjusted counting range of the  1978 counter (28.3 m )  
contributed approximately 32% of the  t o t a l  counts during the  33 hours of 
long-range counting. 

The change in d i s t r ibu t ion  of counts from shore over time was analyzed by 
grouping hourly counts in contiguous blocks s t a r t i n g  in l a t e  evenings and 
ending in  mid-morning of the  following day (Table 4 and Figure 9 ) .  The 
proportion of t a rge t s  by sector  varied s ign i f ican t ly  between periods, with 
calculated chi -square val ue of 32,275 greater  t h a n  the  chi -square val ue from 
the  t ab l e  of 61.63 (alpha = 0.05, 45 d f ) .  Signif icant  d i f ferences  were a lso  
detected in the  proportion of f i sh  by sector  between successive periods. 

The reasons f o r  the  temporal var ia t ion in horizontal d i s t r ibu t ion  of f i sh  
from shore were not readi ly  apparent. Changes in species composition a t  
Fl athorn Sta t ion and Susi tna Stat ion (Table 5) appeared t o  consis t  primarily 
of an increase in the  number of pink salmon, a species previously thought t o  
be shore oriented in the  Susitna River a t  Susitna Sta t ion.  I f  the re  was a 
substant ia l  increase in the  proportion of pink salmon in the  r i v e r  during the  
study period, one would expect the  d i s t r ibu t ion  of f i sh  t o  be c loser  t o  
shore. The f i  shwheel data may, however, be misleading since shore-based 
fishwheels have been found t o  be biased toward capture of pink salmon, and 
away from chum salmon (Thompson and Barrett  1983). Previous assumptions 
concerning offshore migration of pink salmon a t  the  study s i t e  may a lso  be 
suspect. I t  a lso  appears unlikely t ha t  changes in water stage discharge level 
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recorded during the study period were responsible for changes in water 
velocity which would resu l t  in rapid and s ignif icant  changes in f ish 
dis t r ibut ion.  

There did,  however, appear to  be relat ively constant "zones of migration" a t  
distances offshore of 12 m t o  15 m and 20 m t o  30 m (Figure 9 ) .  The small 
peak in counts observed a t  a distance offshore of 12 t o  15 m i s  l ikely a 
resu l t  of the weir placed immediately below the tripod mounted transducer. A 
stream block of t h i s  type has the affect of funneling a l l  shore oriented 
migrants out past the weir and concentrating them in the f i r s t  few counting 
sectors.  Speculation about the reasons for  the consistent movement of f ish in 
the 20 to  30 m offshore range i s  more d i f f i cu l t .  No barr ier  o r  bottom 
i r regular i ty  was detected which might provide orientation for  upstream 
migrants. There was, however, an area of increased water velocity near bottom 
a t  a sampling s tat ion 18 m offshore (Table 2 ) .  

Counts recorded by the 1978 and 1984 counters se t  t o  count the same distance 
from shore for  the same hourly periods are presented in Table 6. These data 
were collected t o  evaluate the overall counting abil i t y  of the 1984 counter 
re la t ive  t o  the existing 1978 counter and associated substrate.  

During the 13 hours of comparative test ing,  in excess of 12,000 f i sh  targets  
were counted by each counter. The difference in counts between counters 
ranged from 2% t o  56% by hour, b u t  was approximately 1% for  a l l  hours 
combined. 

Paired hourly data were submitted t o  a Wilcoxen paired sample t e s t  (Zar 
1974). Results are presented in Table 7. Since the calcl ulated t and t prime 
values were not l e s s  than the t value from the table,  the null hypothesis was 
accepted. This analysis suggests that  the total  number of f ish enumerated by 
the 1978 counter using an 18 m tubular aluminum substrate t o  force f i sh  into 
the ensonified area was the same as the number of f ish enumerated by the 1984 
counter aimed along the natural substrate.  

There were, however, two additional considerations in the counter comparison. 
The resu l t s  do n o t  take into account the differences in cross-sectional area 
of the two counters se t  a t  different  counting ranges. Vertical dis t r ibut ion 
data indicated tha t  some f i sh  were present in the upper portion of the water 
column, and because the maximum beam vertical  diameter of the 1978 counter 
was approximately 0.14 m larger than that  of the 1984 counter, some 
additional targets  may have been available t o  the 1978 counter. Secondly, the 
end of the counting range for  both counters occurred in the middle of the 
most active area of migration. This fac t  compl icates  interpretation of the 
resu l t s .  I t  does not appear that  individual f i sh  maintained the precise 
distance from shore which would have placed them consistently within b o t h  
beams, or the range of hourly variation (2 t o  56%) between would have been 
much less .  Rather, i t  seems that  random movement of f ish within the 20 t o  30 
m "zone of migration" influenced hourly variation. These two considerations 
imply that  the extremely close total  count produced in t h i s  s i tuat ion may 
have been a resu l t  of chance. 

I t  does appear that  some features of the 1984 counter offer improvement over 
the existing (1978-1981 model) counters. The ab i l i t y  t o  count without the aid 
of the 18 m substrate could provide the opportunity for increased mobility 



Table 6. Results from comparative test ing of Bendix Corp. substrateless 
( 1  984 model ) and substrate ( 1  978 model ) equipped side-scanni n 3 sonar counters in the Susitna River a t  Susitna Station, 19841 . 

Date St a r t  End 1384 cot-tnt er 1378 counter  

22 July 

23 J u l y  

24 J u l y  

Total 12306 1Z161 

I /  counter Counting Counting Distance 
Model Range from Shore 



Table 7 .  Results of a Wilcoxen paired sample t e s t  conducted on data collected 
with the 1978 model substrate equipped and 1984 model long range 
substrateless side-scanning sonar counters a t  Susi tna Station, 1984'1. 

___------___---_----------------------------------------------------- 
Sonar c o u n t  

.......................... 
H~ztur- 1 3 8 4  c o u n t e r  1 3 7 8  col-trrt er- D i f f e r e r ~ c e  Rank. Si grted Rank. 

Nurnber ( X l j )  ( X 2 . j  ) ( d j = X l  J - X Z j )  ( d j )  ( d ~ )  

1/ n = 13 
m = number of ranks with less  frequent sign = 5 
T = sum of ranks with less  frequent sign = 36 

TI = m (n+l)-T = 34 

Since T and TI are not less  than T 0.05(2), 13, the null hypothesis 

(count from the 1984 model i s  the same as the count from the 1978 

model ) i s  accepted. 



and decreased s u b s t r a t e  maintenance. The l a c k  of an ex tens ive  s u b s t r a t e  may 
a l s o  provide b e t t e r  count ing cond i t i ons  r e l a t i v e  t o  f i s h  behavior in  
avoidance of t h e  a r t i f i c i a l  b a r r i e r .  In add i t i on ,  t h e  counting range i s  not  
l i m i t e d  t o  t h e  maximum 30 m a v a i l a b l e  t o  t h e  1978 counter .  F i n a l l y ,  t h e  
add i t i on  of v a r i a b l e  h i t  c r i t e r i a  by s e c t o r  provides more accu ra t e  
information on f i s h  d i s t r i b u t i o n  from shore.  

Several f a c t o r s  were i d e n t i f i e d  during t h e  s tudy which should r ece ive  
add i t i ona l  a t t e n t i  on. A mechanical device  must be engineered which c o r r e c t l y  
o r i e n t s  t h e  t r ansduce r  perpendicular  t o  t h e  channel a x i s ,  a1 1  ows f o r  maximum 
v e r t i  ca1 and hor izonta l  movement of t h e  t ransducer  vi a  remotely cont ro l  1  ed 
e l e c t r i c  r o t a t o r s ,  and i s  e a s i l y  deployable from shore o r  by boat i n  deeper 
water .  The degree in  dev ia t ion  from a  s t r a i g h t  bottom contour  and t h e  minimum 
na tu ra l  s u b s t r a t e  s i z e  which could a l t e r  count ing a b i l i t y  should be 
documented. Inves t iga t ion  of bottom topography l i m i t a t i o n s  should a l s o  
included devis ing  a  method which al lows p r e c i s e  i n i t i a l  aiming of t h e  
hydroacoust ic  beam, and a  r e l a t i v e l y  easy way of checking aiming on a  
p e r i o d i c  b a s i s .  
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