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TABLK I.—Estimated trap efficiencies for wild and
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significantly (P ^ 0.05) between trap positions,
being higher at the middle position than at the foot
position and much higher at head position (where
water velocity was greatest) than at the other two.

Mean trap efficiencies differed between wild
and hatchery fish (P < 0.05) at the middle and
foot positions but not at the head position (Table
1). At the foot position, mean trap efficiency was
20 times greater for wild fish than for hatchery
fish.

Evening checks of the trap's live-well revealed
few wild chinook salmon (marked or unmarked)
but many hatchery fish (marked and unmarked).
In most instances (eight of nine trials) the esti-
mated number of marked hatchery fish within the
trap at 2000 hours was at least 75% of the total
number of marked hatchery fish counted within
the trap the next morning. In contrast, evening
live-well checks revealed only two marked and
four unmarked wild fish during the 9 d study.
These observations suggest that hatchery fish
moved downstream during daylight hours whereas
wild fish moved mainly at night.

Underwater observations at the mouth of the
rotary trap during daylight (1300-2000 hours) in-
dicated that hatchery fish commonly avoided the
trap in areas of low and medium water velocity.
Hatchery fish exited the upstream riffle with their
heads facing the current. When the trap was po-
sitioned at the head of the pool, these fish were
captured while they were still oriented upstream.
When the trap was set in the middle or the foot of
the pool, out of the turbulent flow, the fish had
reversed their orientation and begun to actively
swim downstream before they encountered the
trap. It was in their downstream orientation that
hatchery fish were observed avoiding the trap.

Wild fish were not seen in their approaches to
the trap. Most of them migrated at night, and con-
sistent trap efficiencies for wild fish suggest that
trap avoidance by wild fish is not a problem at low
light levels.

Hatchery fish averaged 78.7 mm (TV = 1,551)
in fork length whereas wild-reared fish averaged
66.6 mm (N = 163), a significant difference (P <
0.05). Their size advantage might have made
hatchery fish better able than wild fish to avoid
capture regardless of migration timing.

Discussion
Hatchery age-0 chinook salmon in the South

Umpqua River were captured far less efficiently
than wild salmon at some trap locations within a
pool. If trap efficiencies for hatchery fish in low

or medium velocity waters had been applied to
wild fish, efficiencies for wild fish would have
been greatly underestimated. The differences in
the trap efficiency between hatchery and wild fish
were probably related to diel migration timing and
water velocity, and possibly to fish size.

Because hatchery fish migrated during daylight
hours when few wild fish did, one assumption im-
plicit to estimation and application of trap effi-
ciencies was violated: that both groups have sim-
ilar behavior (Ricker 1975). Cramer et al. (1992)
also found that time of day influenced capture rates
of age-0 hatchery chinook salmon, which varied
from 1.6% when marked fish were released during
the day to 26% when they were released during
the night. In contrast, trap efficiencies for wild age-
0 chinook salmon, which migrate primarily at
night (Hartman et al. 1982; McMenemy and Kyn-
ard 1988; Zafft 1992), will probably not be af-
fected by release time. Cramer et al. (1992) sug-
gested that marked fish be released at dusk. This
practice, however, could lead to overestimates of
relevant efficiency if some unmarked fish migrate
during the day, when trap efficiencies may be low-
er.

In our trials, trap efficiencies for wild and hatch-
ery fish were similar only where water velocity
was so high that fish migrating during the day were
unable to avoid capture. A water velocity suffi-
ciently greater to prevent fish from avoiding cap-
ture likely varies both among and within salmonid
species (Seelbach et al. 1985; Dambacher 1991).
Trap positions that minimize avoidance behavior
should be determined for each species at each trap-
ping location. If a trap cannot be positioned in
strong current, trap efficiencies should be inde-
pendently estimated for hatchery and wild fish—
at least until 3 f z 
 0 . 3 5 t

 leas.010 Tz
0.316 5 .-75 350.485 Tc
( withi) Tj
0.000.149 T(e) 60 347.880 Td
0.000 Tw
92.126tpic
(y) Tj
1.874 T Tr
0.000 0.000 0.000 rg
237.240 250.080 T1
0.000 Tw
91.640 Tz
/F000 Tc53 Tf
0 Ts
0.019 Tc
(wer) 3io. (Se3ionps hatchTj
0.000c
(f) Tj
0.396 Tw
0.146  Tz
0.2285 Tz
0(Se30j
0.000 Tc
(d) Tj
2.415 Tw
87.06 Tc1
0.367 0c
( hatchTj
0.000Tc
(d) Tj
0.929 Tw
85.5878Tz
0.087 3c
( whe) io) Tj
0.000 Tc
(y) Tj
1.874 Tw
91.0000 0.000 0.000 rg
237.240 239.280 Td
0.010 Tw
94.236 Tz
/F045 Tc
( fi0 Ts
0.247 Tc
(relevan0.000  Tc
(h) Tj
2.205 Tw
87.54i) Tj
.367 6c
( mediu)) Tj
0.0Tc
(e) Tj
0.701 Tw
85.326 Tz
0.01343 Tc
30 Ttee nod duskTj
0.000 colle000 Tc
(y) Tj
ET
BT
3 Tr
0.30 Tz
0.1102mee.gc
(6) Tj
0.844 Tw
91.-71 5z
0.105 Tc
( whic Tj
0.000 Tc
(n) Tj
0.597 Tw
94.4000 0.000 0.000 rg
237.000 293.400 Td
0.006 Tw
84.709 Tz
/F0 10.13 Tf
0 Ts
0.389 Tc
(durin Tj
0.00.000 Tc
(y) Tj
2.033 Tw
77.7921Tz
0.3109 Tz
0mediu)0j
0.000 T
(h) Tj
2.205 Tw
87.51 TcTz
0.145 Tc
( velocse) Tj
0Tc
(d) Tj
4.235 Tw
94.29298z
0.073 TTz
0(Se4
0.000 T.000 Tcc
(:) Tj
0.902 TTw
94.78330z
-0.1066c
( simi Tj
0.0000 Tc
(-) Tj
ET
BT
3w
92.025 Tz
0.067) Tj
0z.485 Tz
0) Tj
laTc
(d) Tj
0.571 Tw
93.37 Tc9z
0.145 Tc
( velocse) Tj
0c
(n) Tj
1.948 Tw
89.1005Tz
0.158 3c
( cont) Tj
0.00sTc
(w) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
238.560 643.4400 Tw
9172 Tw
84.709 Tz
/F0 10.53 Tf
0 Ts
-0.066 Tc
(Trfferenc) T.000 Tc
(,) Tj
2.195 TT
(h) Tj Tz
0.21343c
( unti2Tj
0.000Tc
(y) Tj
0.071 Tw
0.170 8Tz
0.185 Tc
( avoi2anc) Tj
gic
(e) Tj
1.091 Tw
93.613 Tz
0.128 6c
( wil)2te) Tj
0.0s0 T Tc
(g) Tj
1.045 Tw
92.149 9z
0.143 Tc
( withTj
0.000 resultc
(.) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
37.800 185.16 ieTd
0.000 Tw
89.895 Tz
/F005 T153 Tf
0 T
0.145 Tc
(wa) Tj) Tj
0.Oc
(r) Tj
0.200 Tw
95.286 Tz
0.460 Tc
( wher Tj
0.000stuc
(:) Tj
0.902 Ty
89.1005Tz
0.187 -10
( salmoTj
0.000 c
(s) Tj
1.290 Tw
92.62917z
0.162 Tc4
0(Se30j
0.000l0.1Tc
(d) Tj
1.694 Tw
91.0304Tz
-0.07 -10
( salmoTj
0.000c
(n) Tj
0.663 Tw
92.5898 Tz
/F0 0.0Tc
( 78.) j
0.000 scopc
(,) Tj
1.136 Tw
91.509 Tz
0.215 -10
( salmoTj
0.000bc
(t) Tj
2.772 Tw
0.1287 Tz
0.4lmoTj
0.000Tc
(r) Tj
0.200 Tw
95.21 Tj
0..185 Tc
( an) Tj90.000 result
(s) Tj
1.290 Tw
92.6000 0.000 0.000 rg
237.240 239.280 Td
0.000 1w
96.558 Tz
/F0 0 Tc
( po
0 Ts
0.234 Tc
(wate) Tj
0.000 T000 
(e) Tj
1.091 Tw
93.6485 5z
/F0 0 4c
( fis) tma) Tj
 Tc
(t) Tj
0.798 Tw
81.4584Tz
0.068moT Tj specianc) Tj
cTc
(d) Tj
4.235 Tw
94.200 Tz
0.2980 T9( fis) tma) Tj
0Tc
(e) Tj
0.701 Tw
85.380 Tz
0.110i) Tj
day) T0.000 Tc
(e) Tj
3.040 Tw
0.018986z
/F0 0 8c
( t) Tjerdf trap s02 Tz
0s 3 f z 
 0 T j 
 0 . 0 0 0  T c 
 ( h )  T j 
 0 . 8 0 8  T w 
 9 2 . 3 4 3  T 
 0 . . 1 8 5  T c 
 (  M o s )  i t do e do0d—6 migraae an485 tt cann5 Tj
0.000 Tc
(l) Tj
1.375 Tw
90.006 Tz
0.366 Tc
( salm0Tj
0.000  Tc
(e) Tj
2.345 Tw
93.9-locse) 0.1450c
( migraa) Tj
0.c
(s) Tj
0.383 Tw
0.143 1Tz
0.1240 T
( a) Tjj
0.000 s1Tc-000 TTc
(-) Tj
ET
BT
3cTr
0.000 0.000 0.000 rg
238.680 632.4006 Tw
9000 Tw
92.360 Tz
/F0 108153 Tf
0 Ts
0.034 Tc
(wate) Tj
0.00evid Tc
(e) Tj
2.086 Tw
94.0-35 Tz
0.1 9.9c
( whe) j
0.000 Tcc
(t) Tj
0.798 Tw
81.458 Tz
0.460 8c
( simila0.000 Tc T000 c
(s) Tj
1.596 Tw
95.9-02 Tz
0.225 Tc
( whe) ke) Tj
0 Tc
(d) Tj
2.415 Tw
87.06 07z
0.201 Tc
( migrat) Tj
0.Tc
(d) Tj
0.929 Tw
85.5873Tz
0.177 Tc
( sugg1 Tj
0.00.000 Tc
(y) Tj
0.845 Tw
89.08855z
0.180 Tc
( hatc2te) Tj
0 Tc
(h) Tj
0.808 Tw
92.3537Tz
0.162 Tc
( migr io) Tj
0.0c
(e) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
238.680 621.4806 Tw
8030 Tw
93.-12 Tz
/F0 2l) Tj
f 
0 Ts
0.336 Tc
(unabl)
0.000 000 Tc
(r) Tj
1.964 Tw
89.90 Tc
( 2600 Tw
( 3fz
0Tr) Tj
0tTc
(p) Tj
0.300 Tw
84.717 Tz
0.073 Tc
( fis)2iencie) Tj
0.000 Tcc
(,) Tj
-0.219 Tw
96.8330z
-0.01393
( migraatio) Tj
0.000 c
(s) Tj
0.057 Tw
93.0122Tz
0.131 Tc
( wil) Tj
0.000c
(f) Tj
0.396 Tw
0.146 7Tz
-0.07 Tc
( hatc Tj
0.000 Tc
(p) Tj
1.546 Tw
92.605 5z
0.311 2c
( downsienc) Tj
0.000 T
(p) Tj
1.546 T Tr
0.000 0.000 0.000 rg
237.240 250.0806 Tw
9019 Tw
93.510 Tz
/F0 1c Tj
0Tf
0 Ts
0.122 Tc
(ciencie7
BT
3cTr
0.Tj
2.033 Tw
77.79214z
0.372 1c
( leas1j
0.000 Tc
(r) Tj
3.493 Tw
89.361 Tz
0.353 Tc
( wer) ) Tj
0.0  Tc
(e) Tj
1.074 Tw
94.2785Tz
0.211 1c
( leas1j
0.000 tc
(-) Tj
ET
BT
3w
91.78042z
/F0 108c
( fis)Tj
0.000 00 Tc
(s) Tj
1.170 Tw
92.2797Tz
0.211 Tc
( captur) Tj
0.00 Tc
(d) Tj
2.987 Tw
92.12710z
0.372 1c
( leas1j
0.000 c
(e) Tj
1.802 Tw
96.75092z
-0.0892c
( possi Tj
0.00calcu0 Tc
(d) Tj
0.635 Tw
91.-2i2Tj
0.372 1c
( leas1j
0.000 Tc
(g) Tj
1.045 T Tr
0.000 0.000 0.000 rg
237.240 250.0806 Tw
810
 Tw
91.363 Tz
/F0 9.7110 Tf
0 Ts
0.224 Tc
(plici) .635 Twe0.000 Tcc
(.) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
237.240 250.089 Td
0.90 Tw
90.253 Tz
/F0 5 Tc
( ef0 Ts19.893 T Tc
(Tra) Ta) Tj
0Acknowledgm Tc
(,) Tj
2.195 TT
(h) 000 0.000 0.000 rg
37.800 185.16 i5 6
0.76 Tw
91.278 Tz
/F0) Tj
53 Tf
0 Ts
04135 Tc
(wa) Tj
0.000 L
(.) Tj
ET
BT
3 Tr
0.3in) Tj.247 Tc
( nighn) Tj
0.0Kruzc
(-) Tj
ET
BT
3cTr
0.29 Tz
0.2) Tj
53 Tf Tj
0.000 TTc
(d) Tj
0.929 Tw
85.532 Tz
-0. Tj
0.000 TR
(.) Tj
ET
BT
3 Tr
0.20 Tz
0.22858c
( 3fz
0che) Tj
Sun0 Tc
(e) Tj
1.352 Tw
94.22 Tc
( F005 T5c
( bot) Tt) Tj
0Ts000 T
(d) Tj
0.929 Tw
85.5320Tz
0.346 Tc
( prob3Tj
0.000w0.179 12pTj
ET
BTw
94.536 Tz
0.1) Tj
53 Tf Tj
0.000 TTc
(e) Tj
0.095 Tw
0.14000 0.000 0.000 rg
238.560 643.4400 6
0.60 Tw
92.339 Tz
/F0780.152 Tf
0 Ts
0i) TjTc
(unabl)
 
0.000 iTc
(y) Tj
ET
BT
3w
92.12717z
0.350 Tc
( t) Tciencie) worc
(.) Tj
0.979 Tw
94.319 Tz
0.15) Tj
0.leas1j
0.000 Log00 000
(l) Tj
1.375 Tw
90.000 Tz
0.260 T
1.874 T50 Tj
0.000ppTc
(k) Tj
2.787 Tw
94.227 6z
0.313 0390.leas1j
0.000  c
(s) Tj
1.290 Tw
92.6295Tz
0.207 .316 5 .-jeryy.



MANAGEMENT BRIEFS 217

Dose. Critical reviews of the manuscript were pro-
vided by R. Carmichael, J. Fredericks, R. Keifer,
and C. Peery. Financial support for this research
was provided by the U.S. Forest Service through
the Umpqua National Forest.

References
Cramer, S. P., D. Demko, C. Fleming, T.


