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INTRODUCTION

Sockeye salmon (Oncorfiynchus merka) are native to the upper Deschutes River Basim,
historically spawning in the upper Metolius River basin and rearing in Suttle Lake {Nehlsen
1995). As early as 1942, the demise of this population of anadromous fish was noted by
fisheries managers and assumed (o be the result of dams at Suttle Lake and Lake Creek (Nehlsen
1595). By 1958, no run of sockeye salmon was present in the basin. Kekanee, the resident form
of O. nerka, are still present in Suttle Lake, Lake Billy Clunock, and Lake Simtustus. Since
1956, returns of adult anadremous sockeye salmon to the Pelton Fish Trap have ranged from O to
340 each year with an annual average of 66 (Figure 1). The origin of these fish is unknown, but
it has been suggested that kokanee from the upper basin could pass through or over the dams and
maintain this small run of sockeye to the Pelten Fish Trap.  All fish retuming to the Pelton Fish
Trap in 1997 were collecled. The purpose of this study was to determine the maternal origin of
these fish using microchemical analysis of otoliths with the assumptlion that fish of sockeye
parentage are strays {Tom other systems and those of kokanse parentage could result from

passage of juvenile kokanee.

(uoliths are small caleivm carbonate structures found in the inner ear of fish. Like scales,
otoliths grow concentnically and can be used to age fish. Strontium (51}, an element with binding
characleristics similar to calcium {Ca), is substituted for calcium in the calcium carbonale matox
of the otolith at levels relative to the concentration in the environment (Kalish 1990). The
concentration of strontium is greater in seawater compared to freshwater.  Therefore,
examination of strontiumfealeium ratios across the otolith of a fish will describe the chemical life
history of that fish and identify times spent in fresh and saltwater. Further, examination of Sr/Ca
ralios in the primaordia (the part of the otolith that forms first) can be used to determine matemal
origin of juvenile salmonids (resident or anadromous) based on the assumption that primordia
composition reflects the environment in which yolk precurscrs develop (in the occan for
anadromous forms)(Kalish 1980). Using these techniques, Rieman et al. {1994} were able to
distinguish between anadromous sockeye salmon and their resident form, kokanee, in the Snake
River, Idaho, Zimmemran and Recves {1994,1997) were able to distingnish the maternal origin

of sleelhead and resident rainbow trout (Oreorfiynchus mykiss) in the Deschutes River, Oregon.

Maternal Origin of Sockeye Salmon {Oncorfynchus

nerka} Returning to the Pelton Fish Trap, Deschutes

River, Oregon in 1997
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Figure 1. Number of adult sockeye salmon returning to the Pelton Fish Trap, Deschutes River,
Qregon from 1956 to 1997,

METHODS

One otolith from each fish was mounted sulcus side down with crystal bond 509 on a mictoscope
coverslip attatched to a standard micsoscope slide. The otolith was then ground in the sagittal
plane to the level of the nucleus with 600-grit and 1200-grit sandpaper. The mounting medium
was heated and the otolith turmed suleus side up and the otolith greund in the sagittal plane to the
level of the primordia with 1200-grit and 2000-grit sandpaper and polished with a slurry of 0.03
pm alumina paste. The coverslip was then cut with a scribe and so that several such otoliths
could be mounted on a petrographic slide for microprobe analysis. The slide was rinsed with

deionized water, air dried, and coated with a 200 A carbon layer.
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Elemental analysis was conducted with a Cameca $X-50 wavelength dispersive microprobe at
Cregon State Universily School of Oceanography. A 15 kv, 30 nA, 7 pm diameter beam was
used for all analyses. Strontiantite (StCO; - USNM R100635) and calcite {CaCO; - USNM
136321) were used as standards for Sr and Ca, respectively. Each element was analyzed
simultaneously and 4 counting time of 405 was used to maximize precision (Toole and Nielsen
1992},

Orolith repions were classified as primordia, freshwater growth region, and saltwater growth
region. Freshwater and saltwater growth regions were identified based on growth rates inferred
from banding patterns. Microprobe sample points included all primordia and a transect bisecting
a primordium and continuing to the edge of the otelib (life history transect). Each transect of
SrfCa was plotted and compared to expecied transects for anadromous and resident @, nerka.
Maternal origin was determined by comparing primordia measures with those laken in the
freshwater growth region. A fish was determined (o be of sockeye maternal origin if the Sr/fCa

ratio in the primordia was significantly higher than in the freshwater growth region.

Thirty-seven adult sockeye salmon were collected at the Pelton Fish Trap in 1997 ranging in
length from 477 mm to 613 mm (Table 1). Eight kokanee were collected from Lake Billy
Chinook ranging in length from 150 mm to 167 mm (Table 2). All fish were aged by examining
otolith banding patterns.  Before microchemical analysis, the otoltih was examined with a
hinocular microcope under reflected light on a black background to age the fish {Tables 1 and 2).
An annulus was assumed to consist of one opaque and one dark ring. Thirty-five of the sockeye
otoliths were examined and all eight kokanee otoliths were examined. Two sockeye otoliths

were net examined due to prepuration difficulties.

Maternal Origin of Sockeye Salmon {Oncorhynchus

nerka) Returning to the Pelion Fish Trap, Deschutes

River, Oregon in 1997
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Table 1. Fork length {mm) and age (freshwater years.saltwater years) of sockeye salmon
returning to the Pelton Fish Trap, Deschutes River, Cregon in 1997,

Fish Length (mm) Age
1 572 12
2 605 1.2
3 574 3.1
4 547 1.2
5 610 1.2
6 554 1.2
7 590 1.2
8 477 1.2
9 612 2.1
10 602 1.2
1 586 1.2
12 613 1.2
13 601 1.2
14 563 1.2
15 603 1.2
16 605 1.2
17 552 1.2
18 495 1.2
19 603 1.2
20 583 1.2
21 492 1.2
22 569 1.2
23 565 1.2
24 524 1.2
25 594 1.2
26 601 1.2
27 494 1.2

IP52-18548.doc 03/99
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Fish Length (mm) Age

28 334 12
29 583 1.2
30 565 1.2
31 563 1.2
32 572 1.2
33 592 1.2
34 360 1.2
35 554 1.2
36 362 1.2
37 347 1.2

Table 2. Fork length (mm) and age of kokanee collected from Lake Billy Chinook, Oregon.

Fish Length {mm) Age
l 165 1
2 167 |
3 163 l
4 145 1
3 150 !
6 155 1
7 178 1
8 152 1
RESULTS AND DISCUSSION

Of the 35 sockeye otoliths examined, all but two were of sockeye origin (Table 3}. Mean Sr/Ca
ratios in the oatoliths of kokance are presented n Table 4. Sr/Ca ratios in the primordia,
freshwater growth regions, and saliwater growth regions were useful in determining the maternal
arigin of the sockeye returning to the Pelten Fish Trap {Figure 2). Elevated levels of 51/Ca were

observed in saltwater growth regions compared with freshwater growth regions. Sockeye of

Maternal Origin of Sockeye Salmon (Oncorhynchus
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kokanee origin wete distinguishable in both comparisons of primordia and freshwater growth
regions and life history transects. Life history transects of all sockeye salmon returning te the

Pelton Fish Trap are presented in Appendix 1. Lifc history transects for kokanee collected from

Lake Billy Chinook are presented in Appendix 2.

3
¥ @ Primordia
o FPWG
% v OSWG
2 .
S
S &
.1
o
2
0
. ; ;
O
0 T . T
Sockeye Sockeye of Kokanse
Kokanee
Qrigin

Figure 2. Mean and 95% confidence intervals of 8r/Ca ratios in primordia, freshwater growth
region {FWG) and saltwater growth region (SWG) in otoliths of sockeye salmon
returning ¢ the Pelton Fish Trap and kokanee collected from Lake Billy Chincok.

Analysis of otolith microchemistry is useful in identifying the maternal origin of sockeye salmon
returning (o the Pelton Fish Trap. [t cannot, however, identify the geographic origin of the fish.
It is certain that the fish of sockeye origin are strays from another basin. The origin of the
sockeye of kokanee origin can only be surmized. The SifCa ratios in the primordia and

lreshwater growth rcgions of the sockeye of kokanee origin are similar to those found in the

Maternal Origin of Sackeye Salmon {Oncorlynchus
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corresponding regions in kokanee collected from Lake Billy Chincok and slightly higher than

those values observed in the stray fish of true sockeye origin. It is possible, but not certain, that

the sockeye of kokanee origin originated from kokanee passing through the Pelton/Round Butte

project.

Table 3. Maternal origin, mean S1/Ca ratios (95% confidence interval) of primordia,
freshwater growth region, and saltwater growth region in: otoliths from sockeye
salmon retuming to the Pelton Fish Trap, Deschutes River, Oregon in 1997.

Freshwater Saltwater Maternal
Fish Primordia Growth Region ;| Growth Region Origin
i 2.29 0B 3.03 Sockeye
(0.32} (0.12) (0.203
2 1.60 (.52 2.53 Sockeye
(0.43) {0.08) (0.18)
3 1.91 (.73 3.04 Sockeye
(0.33) (0.24) (0.33)
4 1.70 .83 2.86 Sockeye
(0.31) (0.31) (0.29)
3 1.66 0.67 216 Sockeye
(0.17) (0.08) {0.26)
i) 1.75 0.60 272 sockeye
{0.19) {0.09) (0.20
7 1.62 0.69 2.46 Sockeye
(0.39} (0.10) {0.26)
8 0.83 0.94 241 Kckanee
(0.63) (0.06) (0.31)
9 1.43 0.66 2.61 Sackeye
(0.35) (0.13) (0.20)
10 204 0.64 2.8% sockeye
(0.07) {0.07) {0.27
11 1.19 Q.75 2.85 Sockeye
{0.51) (0.22) {0.46)
12 1.82 0.84 3.07 Sockeye
(0.54} (0.15) (0.36)
13 1.53 .69 3.18 Sockeye
(0.33) {0.11) (0.30)
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Freshwater Saltwater Maternal
Fish Primordia Growth Region | Growth Region Origin
14 0.79 2.59
{0.41) (0.18}
15 1.37 0.73 3.02 Sockeye
(0.25) (0.12) (0.34)
16 2.08 0.87 2.97 Sockeye
(0.18) (0.38) (0.19
17 1.85 0.74 3.14 Sockeye
{0.34) Q.11 (0.29)
18 1.13 0.98 2.55 Kokanee
(0.10) (0.09; (0.26)
19 1.47 0.83 2.64 Sockeye
(0.42) (0.14) {0.17)
20 1.64 0.72 243 sockeye
(0.29 {0.19) (0.23)
22 1.62 0.78 2.88 Sockeye
(0.34) {0.08} (0.32)
23 1.85 0.70 3.16 Sockeye
(0.53) (0.13) (0.27)
24 1.36 0.74 2.76 Sockeye
{0.47) (.09 (0.17)
25 1.47 0.57 292 Sockeye
{0.71} (0.25) {0.23)
26 1.93 0.78 2.90 Sockeye
(0.25) {0.09) (0.18)
27 1.82 0.78 2.98 Sockeye
{030 (0.13) (0.23)
28 2.04 0.88 277 Sockeye
(0.20) (0.20) (0.18)
29 1.74 6.73 291 Sockeye
(0.17) (0.06) {0.18)
30 1.96 0.83 2.96 Sockeye
(0.32) (0.16) {0.20)
31 1.60 0.74 2.80 Sockeye
(0.32) {0.06) (0.18)

IP52-18548.doc 03/99
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Freshwater Saltwater Maternal
Fish Primordia Growth Region | Growth Region Origin
32 1.48 (.64 2.66 Sockeye
{0.27) (0.15) (0.17)
33 1.76 0.79 2.96 Sockeye
(0.27) (0.13) (0.18)
34 1.82 0.77 279 Sockeye
(0.24) {0.12) {0.17)
33 1.67 0.70 2.95 Sockeye
(0.14) {0.10) {0.20)
36 1.61 0.87 2.96 Sockeye
(0.25) (0.30) (0.23)
37 1.86 0.74 3.10 Sockeye
(0.25) (0.09) (@21)

Tabled. Mean 5r/Ca ratios {?3% confidence interval) of primordia and freshwater growth
region in otoliths from Kokanee collected from Lake Billy Chinook, Cregon in 1997.

Fish Primordia Freshwater Growth Region
] (.93 0.98
(0.08) {0.03)
2 1.07 1.04
_ {(0.07) (0.06}
3 1.02 .01
(0.1 (0.06}
4 0.85 0.94
(0.07) (0.07)
5 0.98 0.93
{0.01) (0.04)
6 1.08 1.01
{0.13) {0.04)
7 0.94 1.05
{0.07) {0.04)
8 1.47 1.32
{0.11) (0.06)
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APPENDIX 1

Life History Transects of St/Ca Ratios In Sockeye Salmon Otoliths
Collected From The Pelton Fish Trap, Deschutes River, Oregon.
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