
RESPONSE OF MIGRATING ADULT SALMONIDS 

TO VERTICAL AND HORIZONTAL RECTANGULAR ORIFICES 

AT TWO DEPTHS 

by 

Clark S. Thompson 

William S. Davis 
(Seattle Biological Laboratory) 

and 

Emil Slatick 

October 1964 

FISH-PASSAGE RESEARCH PROGRAM 
U. S. Bureau of Commercial Fisheries 

Seattle, Washington 



INTRODUCTION 

An important part of fish facility complexes at hydroelectric plants on the 
Columbia River and its tributaries is the powerhouse fish collection system, a 
long channel with multiple entrances, extending across the face of the powerhouse. 
This channel is one of several accesses to the main fishways. While large dis­
charges from fishway entrances attract migrants to the main fishladders, mi- .. 
grating adult salmonids approaching the powerhouse discharge must locate entrance 
ports to enter the collection channel which leads to the mairi fish ladders. 

Fish collection systems have been studied to determine the design criteria 
that. would provide optimum entry conditions for upstream migrants. Research to 
date indicates salmonids enter the powerhous.e collection system at Bonneville Dam 
through submerged orifices more readily than over an overfall weir-entrance (U. S. 
Army Corps of Engineers Annual Report, 1948). Studies conducted in 1952 and 
1954 (Corps of Engineer.s Progress Report, 1960) 1 indicated that salmonids pre­
ferred shallow orifices for entry. into the collection system. Continued research 
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in .1960 indicated a slight preference for vertical' orifices over horizontal (Corps 
of Engineers Annual Report 1960), but results were not conclusive. 

The objective of this study was to determine if migrating adult salmonids 
pr·efer vertical or horizontal submerged orifices and if orifice depth has any effect 
on preference. Following is the report of this research, conducted at the Fisheries­
Engineering Resea:tch Laboratory at Bonneville Dan::i from August 24 to September 
20, 1962. 

1
�irst reported iri Bonneville and Mc Nary Dam annual fish passage re­

ports, 1952 and 1954. 



MATERIALS AND METHODS 

Laboratory 

A detailed description of the labo�atory is given by Collins and Elling . 
( 1960); therefore, a brief description here should suffice to acquaint the reader 
with its salient features and current modifications. Water for the experimental 
area was provided by a water supply and discharge system capable of delivering 
and discharging up to 200 cubic feet per second ( c. f. s. ) . Flows were regulated 
by various intake valves and a large drain valve. 

� A uniform light condition was provided by a battery of 1, 000-watt mercury-
:vapor lights spaced at 6-foot intervals 6 feet above the water surface. The average 
light intensity of 700 foot-caD;dles was c9mparable to light conditions in the main 
Bonneville £ishway during a bright cloudy day. 

-

Fish entered the laboratory fr,om the Washington shore fishway, passed 
through the test area, and returned to the main fishway. From a small entrance 
fishway, test individuals were released into the orifice choice area to choose a 
passage through one of two rectangular orifices aligned horizontally or vertically 
at one of two depths, each orifice providing .·access to independent transportation 
channels (her,einafter called "north" and 11 south" .channels). Fish left the test area 
over an exit weir at the upstream end of each; channel. 

Orifices. --A pair of 2-by 5-foot rectangular orifices was installed at the 
junction of the orifice choice area and the two transportation channels (Figs. l 
and 2). The orifi'ce panels were fit into guides and could be removed (Fig. 3), 
turned 90 degrees, and replaced to change th� orifice setting from a vertical to 
a horizontal position (Fig. 4) or vice versa. Similarly constructed solid panels 
filled the space above and below the orifice panels. 

During all tests, orifices were positiqned horizontally or vertically at 
deep and shallow settings. In the deep position, the centerline of the orifice was 
9 feet below the water surface. (elevation 49'. 75 fe'et)2 and at the shallow position 
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3 feet below the water surface (elevation 55
1 

75) (Fig. 5). Water depth in the area 
immediately downstream of the orifices was· 19 feet. 

Hydraulics. - -Constant hydraulic conditions were obtained in the laboratory 
by maintaining the water elevations shown· i n  Figure 1. Water levels in the ori­
fice choice area and the transportation ·channels were kept at elevations 59 and 60 
respectively to maintain a 1 :- foot head on the orifices. This produced a calculated 
flow of 49 c. f. s. through each orifice. Sixteen and one-half c. f .. s. passed over 
the exit weir while the remaining flow requirement was supplied by an orifice 

2All elevations are designated a·s feet above mean sea level. 
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CROSS SECTION 

Figure 1.--Plc\D view of laboratory showing release point, orifice location, 

and exit point where choice was recorded. Longitudinal cross section shows 

water elevations. 
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Figure 2.--Test area unwatered to show horizontal (left) 
and vertical (right) orifice choice condition at the 

shallow setting (centerline of orifice 3 feet below 
water surface). 
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Figure 3.--Removing orifice panel from guide slots to 
change position of orifice. 
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Figure 4.--Vertical and horizon�al orifice choice 
condition at deep setting (centerline of orifice 
9 feet below water surface). 
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Figure 5.--Test condition for comparing responses of 

salmon to vertical orifices at deep (left) and shallow 

(right) positions. 
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installed at the base of the weir to augment the transportation channel flow. A 
screen on the downstream side of this orifice prevented test fish from es-
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caping unobserved through this opening. 

Shallow orifice flows caused a turbulence on the surface of the orifice 
choice pool (Fig; .6A). When both orifices were deep this surface turbulence was 
greatly reduced (Fig. 6B). 

Test Procedure 
' 

Test fish enter.ed the laboratory from the entrance fishway and were intro-
duced into. the orifice choice area through the release c6mpartment where the size 
a�d species of each fish was determined by an observer. Fish were permitted .to 
enter the choice area at will during each test period thus allowing more than one 
fis'h :in the choice area at the s.ame time. · 

After selecting one of the oriffoes, test .fish proceeded upstre�m through 
the transportation channel and ·crossed the exit weir. .The response to the orifice 
condition was simply recorded on the basis of numbers of fish observed leaving 
the respective channels (Fig; 7). 

Experimental De sign: i' 
! 

The experiment was divided into the following four choice conditions to 
· examine the resp0nse of salmonids ·to orifice position and depth: ( 1) B.etween a 
horizontal and a vertical orifice, both ·9 feet below the water surface; ( 2) between 
a horizontal and a vertical orifice, both 3 £�et below the surface; (3) between two 
horizontal orifices, one 3 £�et and one :9 feet below the surface;· and (4) between 
two vertical orifices, one �· feet and one 9 feet below the surface. Test conditions 
1 and 2' constituted one block, and test conditions 3 and 4 constituted another 

. 
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block. Test conditions were randomize� within blocks and biocks were run al-
ter·nately for three or four r·eplicates .. 

' . 
l 

An adequate· preference m�as11ir'.em�n1: ¢1.ep,e�d�d upon salmonids choosing 
between two orifices. Fi,sh'that �ade a cente·r frontal approach to the test panel 
were in a. position to, choose b«i)tween orifices. Fish that made a lateral approach 
were in a positio� to choose between o:r;ific.e.s only if they rejected the orifice'to 
which they were· first exposed. Rather tha,n; .attempt to direct all fish to a center· 

· frontal approa'ch, orifices were changed fr'om one channel to the other halfway 
through each test period. Each te;�t period lasted 2 days because it was imprac­
tical for both biological and mechan.ical: reasons to modify a test condition at in­
tervals shorteJ;" than 1 day. By thi's manipulation, a given lateral approach, say 
from the right, would have led fish to an initial exposure at one of the two orifices 
being compared on 1 day.,. and the other of the same two orifices on the succeed­
ing day. Orifices were assigned to channels randomly on the fi,rst day of each 
2-day period. · 

3 



(A) 

( B) 

Figure 6.--0rifice choice area (foreground) during shallow 
(A) and deep (B) orifice discharges. 
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Figure 7.--Recording passage of fish at upstream end of 

transportation channels. Tallies of the number of 

salmonids leaving each channel provided a record of the 

responses of these fish to the prevailing orifice 

conditio� at the downstream end of the respective channels. 
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This design requires the assumption that approach patterns remain similar 
between days for a 2-day test period. In other words, if majority of �ish approach 
-the test panel from the ·right side on one day, a. s·imilar majority will be assumed 
to do the same ·thing on the -succeeding day. This assumption was accepted and 
basic preference measu;rements were computed as follows: 

1.- The prop�rtion of fish entering each orifice was calculated by day and 
coverted to percentage. 

2. The two percentages obtai:ned from one orifice durin,g each 2-day test 
period ( one from th.e north channel and one ·from the south channel) were averaged 
to y:i.e1d the basic; pr'eference -�easurement . 

. Evaluation of orifice preference_was made for each test condition separ­
ately. Average percentages for the two orifices being compared during the 2-day 
test period totaled 100 percent. Preference for a specific orifice, therefore, 
would be shown by an average percentage greater than 50 percent. Only average 
perc-entages from one of two orifices being compared were used in the preference 
evaluation. Since average percentage:s were replicated for each test _condition, 
t-tests were used to examine departure of their ·means .from .50 percent. A rcisin 
transformations (Senedecor, 1957) of the average percentages were used to com­
pute t-values. 

4 



RESULTS 

Deep Horizontal Orifice vs. Deep Vertical Orifice 

Significantly more than 50 pe·rcent of both 807 chinook salmon and 2:, 737 
steelhead trout .chose ·the vertical orific·e (Table 1). The proportion of 202 coho 
salmon tha:t chose the vertical orifice -was not significantly different t�an 50 per-
cent. 

Shallow Hotizo�tal Orifice vs .. Shallow.-V�rtical Orifice 

. . Nont=r o� the three ·mean'percentages t.ested were sig;nificantly different than 
50 percent (Table 2). During the second ·replicate both 692 chinook salmon and 
2,. 065 steelhead tr.out reversed· the inclination demonstrated in other ·replicates, 

. and showed. a; preference for the, horizontal o;rifice. This reversal contributes 
appreciably to. the nonsignificance noted for·them. Only two replicates totaling .201 
coho -salmon. cannot be expected to detect small departures from 50 percent for that 
spedes. 

' ' 

Shallow Horizontal Orifice vs·. Deep Horizontal Orif1ce 

Significantly more than 50 percent of both 7 20 chinook salmon and 2, 131 
steelhead trout chose the shallow horizontal orifice (Table 3). The two replicates 
totaling -136 coho salmon failed to show significant departures from 50 percent for 
that s,pecies. 

Shallow Vertical Orifice vs. Deep Vertical Orifice 

None of the three mean average percentages tested showed a significant 
departure from 50 percent (Table 4). Although the trend for 1, 171 chinook salmon 
was toward the shallow orifice in all replicates, the magnitude of the trend differed 
widely between replicates. · The majority-of a total of 2, 589 steelh_ead trout repre­
sented iby:�e first.two .r;eplicates tended toward the 3-foot depth. However, steel­
head trout in the third replicate were similarly di_stributed between the two depths. 
In both replicates a trend toward the 9.-foot _depth was demonstrated among a total 
of 248 coho. salmon. · 

Channel Preference 

It was pointed out earlier that the experiment was designed to insure valid. 
results even if test fish showed a pr_�ference for either the north or south channel. 
As it turned out, there was a preference for the south channel. In all replicates 
-for all species except the second orie for steelhep,d trout, the proportion of : 

5 
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Table L --Average percentages 1 of salmonids entering both orifices in test of 
deep horizontal orifice vs, . deep 'Vertical orifice, 

Replicate 
number 

1 

2 

3 

4 

Mean 

n 

Chinook salmon 

Horiz. 

Percent�: 

32. 65 

26. 30 

31, 25 

32,00 

3Q,6 

· 807 

Vert. 

Percent 

b7., 35 

73.70 

68.75 

68. 00 

* 
69.4 

. Steelhead trout 

· .  •.Horiz. 

Percent 

43.00 

29. 45 

35.95 

41. 10. 

37.4 

Vert.-

Percent 

57.00 

70. 55 

64.05 

58 .. 90 

* 
62.6 

2,737 

Coho salmon 

Horiz. Vert. 

Percent Percent 

32. 15 67. 85 

.48. 35 51. 65 

45.90 54. 10 

42. 1 57. 9 NS 

202 

1Direct obeervations made during .a basic time unit of 2 seqential days were 
combin.ed to form a· Rreference measurement called "average percentage" (see text 
for details). 

�Denbtes a mean ;verage percentage that was found to be significantly 
(95% level) greater than 50%. 

NSDenotes a mean average percentage· that was found to be not significantly 
(95% level) different than 50%. 

Note: 011;lythe means designated* or NS were _tested ( see text for details). 

Sa 
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Table 2. --Average percentages 1 of salmonids entering both orifices in test of 
shallow horizontal orifice vs. shallow vertical orifice. 

Replicate 
number Chinook salmon 

1 

2 

3 

4 

Mean 

n 

Horiz. 

Percent 

21� 20 

52. 20 

25. 00 

32.45 

32. 7 

69 2  

1 
See Table 1. 

NS 
See Table 1. 

Vert. 

Percent 

78. 80 

47. 80 

75. 00 

67. 55 

Steelhead trout Coho salmon 

Horiz. Vert. Horiz. Vert. 

Percent Percent Percent Percent 

48. 50 51. 50 44. 00 56. 00 

58. 00 42. oo 47. 50 52. 50 

40. 75 59. 25 

38. 35 61. 65 

46. 4  45. 8 

2, 065 201 

5b 



-

Table 3. - -Average percentages 1 of salmonids entering both orifices in test of 
shallow horizontat orifice ·vs. deep horizontal orifice. 

Replicate 
number Chinook salmon 

i-

2 

3 

Mean 

n 

1 

* 

Shallow 

Percent 

78.75 

84. 20 

72. 70 

* 
78, 6 

720 

See Table 1. 

See Table 1. 

NS 
See Table 1. 

Deep. 

Percent 

·21. 25  

15. 80 

27. 30 

21. 4 

Steelhead trout 

. Shallo.w 

Percent 

69. 20 

66. 60 

73. 25  

* 
69. 7 

Deep. 

Percent 

30.80 

33.40 

26. 75 

30.3 

2, 131 

Sc 

Coho salmon 

Shallow Deep 

.Percent Percent 

63.90 36. 10 

59. 80 40. 20 

38. 2 

136 
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Table 4. - -A ve rage p e r c:entage s l of salmonids ente ring both orifice s . in te st of 
shallow ve l:'tical orifice , v s  .. deep ve rtical orifi c e .  

Replicate 
numbe r 

1 

2 

3 

Mean 

n 

Chinook · salmon 

. Shallow Deep 

Pe r c ent P e r cent · 

63 . 0 0  3 7 . 00  

59 . 25  40 . 7 5  

5 2 . 45  47 . 5 5  

NS 
5 8 .  2 41.,.,{3 

1 ,  1 7 1 

1 
Se e  Table 1 .  

NS 
Se e  T able 1 .  

, Ste elhead tr out 

Shallow Deep 

Pe r cent. Pe r cent 

5 5 . 9 0  4 • . l O  

.5 5 . 7 0  44. 3 0  

49 . 20 5 0 . 8 0  

53 . 6NS 46 . 4 

2, 5 89 

C oho salmon 

Shallow Deep 

P e r c ent P e r cent 

46 .  5 5  5 3 . 4 5  

3 7 . 5 0  6 2 .  50  

5 8 . 0 

248 



-

salmonids choosing any given orifice was greater when that orifice was in the 
south channel than when it was in the north channel. The means of the percentage 
difference between the south and north channels ( Table 5) were found by t ettests to 
be significantly greater than zero for each species. 
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Table 5 .  - -Per centage diffe rence obtained by subtracting the per centage of 
salmonids that chos e  the north channel from the per centage of tho s e  
that cho s e  the s outh channel.  

T e st Chinook Steelhead C oho 
condition Replicate salmon trout salmon 

Numbe r Pe r cent Pe r cent ·Pe r c ent 

1 59. 5 29. 8 
2 9 . 2 10 .  5 35 .  7 

1 3 9. 1 14. 7 3 .  3 
4 31. 0 30.0 57 . 6 

1 1 6.4 60. 6 
2 4. 4  0. 4 

2 3 21. 0 30. 1 30 . 8 
4 36 . 9 25. 3 30. 8 

1 20. 7 11. 0 
3 2 2. 8 26. 8 27.8 

3 25. 8 25. 3 45 . 6 

1 12. 8 24. 6 
4 2 30.5 30. 0 18. 1 

3 31. 1 38. 4 46. 6 

Mean 22. 23 24. 05 32. 92 
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DISCUSSION 

B oth the app r oach to an orifi ce and the manne r in whi ch a salmonid s e eks 
up stream pa s sage when it s progr e s· s  is blo cked at a ve rti cal wall have a bearing 
on the shape and lo cation of orifi c e s in pr ototype structur e s .  The p r efe r enc e s  .­
demonstrated by salmonids in the pre s ent study may p r ove u s eful in both r e sp e ct s . 

It should be pointed out that the behavior of the s almonids in thi s study may 
have been modifie d  by thei r r e cent expe rience in fi sh ladde r s ,  their relea s e  into 
the orifi c e  choi c e  pool ( Fig .  1 ) ,  and the dimension s  of that pool .  In any event, the 
study wa s c onducte d  with salmonids that w e r e  a ctively moving up stream and no ori ­
fi c e  shap e or  -location wa s r ej e cted by all membe r s  of any of the thr e e  specie s con­
s ide red on any day . 

Some behaviorial characte ri sti c s  that might be -important in the choi c e  of 
an orifi c e  by a salmonid are:  ( 1 )  If a s ati sfactory o rifi c e  · is  pre s ented in the path 
of a moving fi sh, it would be exp e cted to a c c ept it. A . sati sfactory orifi c e  for one 
fi sh, obviously, might be unsati sfactory for anothe r ,  even for fi sh of the same 
spe cie s .  ( 2) If the r e  i s  no orifi c e  o r  the re :  i s, an uns ati sfacto ry orifi ce in the line 
of travel of a moving salmonid, it would be expe cte d either  to s ea r ch for anothe r 
or  stop moving up str eam. ( 3 ) When fa ced with seeking up stream pa s s age,  salmon.­
ids might be exp e cted to follow a s e rie s of s e a r ch p r o c e dure s that lead from one 
· clea rly defined dir e cti on to anoth e r ,  etc . 

Orifi c e s should be placed to inte r c ept the bulk of migrating fi sh dir e ctly 
and be ac c e s sible during the initial s ea r ch movement s  of the remainde r .  

Chinook salmon and ste elhead trout demonstrated a prefe r ence for vertical 
ove r horiz ontal orifi c e- s and orifi c e s  cente r e d  3 fe et fr om .the s urface ove r  tho s e  
centered 9 feet . fr om the surface . P e r c entage s  of the s e  two spe cie s showing si g ­
nifi cant p r efe renc e s  o c cur red when orifice  orientation wa s te sted at the least 
a c c eptable depth (te st conditi on . 1 ) ,  and when the least acceptable orifi c e  orienta ­
tion wa s te sted at the . two depth s ( te st conditi on 3 ) . When both o rifi c e s were placed 
at a shallow depth (te st c ondition 2) r.eplicate s were di s similar,  and when ·ve rti cal 
orifice s w e r e  pla c e d  at bc:,th depth s (te st  c onditi on 4) the prefe rence fo r the · 3 -foot 
depth wa s not con s i stently lar g e .  

T h e  finding s that a higher p r oporti on o f  salmonids entered the s outh chan ­
nel than the no rth channel may be inte rpreted in two way s .  Eithe r salmonids 
that , a c c:epte d  the f i r s .t, o r i fi c .e contacte d approached t h e  orifi c e s i n · great ­
e r  numbe r s  from the south or a di s c e rnible numbe r of isalmonids tended t o  s e ek . ' I  ' 

up str eam pa s sage to their right . C on�ide rable vadation exi s t s  between repli cate s 
for p e r c entage diffe rence between north and s outh channel s ( Table 5 ) . The s e  
value s are not a me a sur e of the p r oportion of the total numbe r of  fi sh that · 
app r oached the o rifi c e s fr om the s outh . 

The method u s ed to analyz e  the choi c e is made in thi s study i s  ba s e d  on the 
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a s s umpti on that the laboratory and experimental te chnique s might have cau s e d  
mor e fi sh t o  ente r the south channel than the .north .  It i s  pos sible that thi s 
a s sump�i on i s  in e r r o r .  If s o ,  mor e  a c curate p e r centage s of fi sh choosing a given 
orifice  would be obtained if the pe r centage of fi sh . that went to the s outh channel re­
gardle s s of orifice  ( T able 5)  were  r emoved entir ely from consideration instead of 
being di stributed equally . in the two channel s a s  wa s actually done ( Table s 1 -4) . 

T aple 6 show s the pe r centag e  of the fi sh making a choi ce or  making a fr on­
tal appr oa ch to the te st panel that cho s e  a spe cific  orifi c e .  The value s shown in 
Table 5 we r e  s ubtracted from 1 00 ,  and the r e sult wa s divided into the p e r centage 
of fi sh choosing a given orifi ce when it wa s in the north channel to obtain the value s 
shown in T able 6 .  

The conclusions conc e rning signifi cant prefe r ence s drawn fr om the . data in 
Tabl e s  1 to 4 are u;nchanged by the treatment in Table 6 exc ept for a s ignifi cant 
prefe rence amoung coho salmon fo r the surface o;-ifice  ( te st condition 3 )  in the 
latte r .  

Re s ults obtaine d i n  the laboratory te sts  apply t o  a r e a s onably deep appr oach. 
area ( l 9  feet) but the depth range of the orifi c e s  wa s limited to 9 feet be cause  of the 
exi sting sill of the tra�sportation channel .  De eper  s ubme r gence of orifice s may 
have p r oduced more . clear , cut re spon s e s ,  particularly in comparing the re spon s e  
t o  ve rti cal orifi c e s. at shallow ve r sus deep positions . 

. Applicati on <>f the s e  r e sults to a pr ototype condition require s conside ration 
of the effe ct of competing turbine· di s charge s on the pr efe r enc e of fi sh for shallow 
o r  deep orific e s .  Since the turbine s di s charge at depths beneath exi sting c olle ction 
channel port s ,  it i s  p o s s ible that c ompeting attraction flow s ( i .  e .  , turbine vs . 
colle ction channel di s charge s )  might influence the ve rti cal di stribution of fi sh a s  
they appr oach a powerhous e colle ction channel and p roduce r e s ults ·s omewhat 
diffe rent than tho s.e note d in the laboratory whe r e  the effe ct of the turbine di s -
charge wa s not a factor .  

8 
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T able 6.  - -Pe r centage s of salmonids that cho s e  the ve rti cal orifice  at the shallow 
depth exclu.sive of · value s shown in Table 5 .  C omparable to columns 
showing * or  NS in T able s  1 "."4 .  

T e st Chinook . , Steelhead 
c on_dition Repli cate salmon tr out 

Nw;nbe r  Pe r cent Pe r c�nt: 

1 9 2 . 8 60 . 0 
2 7 6 . 1 7 3 . 0 

1 3 70 . 6 66 .  5 
. 4 7 6 .  1 * 62 .  7 * 

Mean 78 . 9 0 65 . 55  

1 84 .. 4 5 3 . 8 
2 47 . 7 42 . 0 

2 3 8 1 .  6 63 . 2 
4 . 7 7 .  8 NS 

65 .  6 NS · Mean 7 2 . 88  56 .  1 5  

1 8 6 . 3 7 1 . 6 
3 2 8 5  . .  2 7 2 . 7 

3 80 .  6 * 8 1,i 1 * 
Mean 84� 03  75 .  13  

1 64 . 9 57 . 8 
4 2 63 . 3 58 .  1 

3 5 3 .  6 NS 
48 .  7 NS Me an 60 . 60  54 .  87  

Note: For explanation ·of * and NS, s e e  T able 1 .  

Sa 

Coho 
salmon 

Pe r c ent 

7 7 . 8 
5 1 . 7 
59 . 7 NS 63 . 07 

58 .  7 
53 . 6 NS 5 6  .. 1 5  

69 . 3 
68 . 0 * 68 .  6�  

45 . 8 
26 .  6 NS 36 .  20 -
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SUMMA RY AND CONC LUSIONS 

. · salmonids were pre s ented with a choice  of ente ring one of two orifice-s . 
Each o rifice me asur ed 2 by 5 feet and wa s aligned either horizontally or  ve rti cally 
at depth s of 3 and 9 fe et ( m.ea sured from. the c enterline of the orifice  to ·the s ur ­
fa ce of the introductory ar ea) . A 1 -foot head was maintained on .the orifice s .  · 

· Orifice  conditions were changed daily and offe red te st fi sh .a  choi ce between: ( i )  
Ve rtical and hori z ontal orifice s s et deep; ( 2 )  ve rtical and horizontal orific;:e s s et 
shallow; ( 3 )  shallow and deep horizontal orifice s;  and ( 4) shallow and de ep ve rtical 
orifice s .  

T e st r:e sults oare  - summarized .a s follow s: 

l .  A maj ority of chinook S:almon and ste,elhead trout prefe r red the ve rti cal 
orifice  to the horiz ontal o rifice at de ep : ,and shallow s ettings . Thi s prefe rence wa s 
stati stically_ signifi cant when the oriffc es  we re  set de�p . 

2-. A maj ority of chinook -: salmon and ste elhead , trout prefe r r ed shallow ori ­
fi c e s  to deep one s .  Thi s  prefe rence wa s stati stically signifi cant when o rifice s 
were  ho ri zontal but not when .they were  · ve �ti cal . 

3. C oho salmon r e sponse s · t� the o�ifi c e  te �t c onditions were. the same a s  
chinook salmon and steelhead trout with one eX;cepti oh- - a. maj ority of coho salmon 
per�e rred the deep ve rtical orifice to - the �hallow one . None qf the prefe·rence s 
were stati sti cally significant, ho\yeve r ;  

In conclusion, tlie ve rti cal orifice  appea r s  prefe rable t o  the horiz ontal ori­
fi c e  where  s ubme r gence ( cente rline ) is in the ran�e of 3 to 9 fe et . .  The effe cts of 
orifi c:e depth on re spon s e  we r e  more  pronounced when qrifice s we re ho,riz ontal 
than when they we r e  ve rtical. 

· · · 
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