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ABSTRACT

This report outlines a I_onf;-term noni toring approach for kokanee
cor hynchus nerka popul ations in 'akes and reservoirts throughout |daho. This
monitoring is designed to provide an opportunity to learn and to fine-tune
nmanagement. Monitoring coordi nated anong popul ations and fisheries can al so
provide perspective and a description of the current status of any single
popul ation. The nonitoring program outlined here focuses on the kokanee
popul ati on and enphasi zes i nforfati on on abundance and growt h. Recommrended
met hods are based on long-term sanpling by trawl, of kokanee popul ati ons
t hroughout Idaho. Included is a summary of existing data and nodel s, and the
application of that infornmation to Kokanee managenent.

Aut hor :

Bruce E. R eman
Pri nci npal Fi sherv Research Biol oai st

SALM\DQC. 92 1



INTRODUCTION

The purpose of this report is to out]line approaches for |ong-term nonitorin
of |daho kokanee popul ations and fisheries. Mnitoring is a critical part o
nmanagerment for nost commercially inportant fish stocks, but is less frequently
enpl oyed i n nmanagerment of resident sport fish. In many cases if the fishery is
inportant, active nmanagenent carries sone cost (e.g. hatchery stocking, predator
introductions, enforcenent) and sone risk (over-exploitation, coll apse,
overpopul ation and stunting). A successful managenment program w || maxi mze the
val ue or Iyl eld of the fishery relative to cost and risk. It wll be_ inpossible
to do thaf wthout information on 1) where the fishery or population is relative
to the optinum 2) which actions are effective, and 331 whi ch actions are risky.

~Unless the outcone is certain (de-watering a reservoir), managenent
activities intended to manipulate a stock or fishery are like |arge scale
e_xPeH ments (Peternman 1980). Wthout sonme form of evaluation, the experinent
will provide no new information. In nost fisheries, managenent is an ongoi ng
process, and thus an ongoing series of experinents. th an appropriate
nonitoring program the nana_\%er can devel op an adaptive approach, |earning both
from successes and from failures, thus, fine tuning a program through time.
Monitoring, in this sense, becomes an integral part of nmanagenent to be carried
on indefinitely.

A thoughtful program of nonitoring and adaptive nanagenent nay al so be the
nost effective form of research. Short-term evaluations (one or” nore years,
before and after) evaluations of nanagenent actions typical of nany past research
projects are often confounded by environmental variation or poor precision in
sanpling that nake interpretation difficult. My fish popul ations (especially
kokanee) are unstable. Long-termtrends in abundance, size, age-at-naturity, and
dramati'c short-term fluctuations in abundance (and even col lapse) are comon.
Short-termeval uations run the risk of either |ooking at a changing systemin an
uncommon year; or confusing nornal variation or long-termtrends driven by the
envi ronment w th short-term managenent changes. A long-term nonitoring program
will allowinportant trends to emerge frominherent variation and sanpling error.

By coordinating nonitoring prograns anong sinmlar fisheries, nanagers may
extend the information gain dramatically. Intensive research prograns are often
expensi ve, whichrequire the commtnent ‘of manpower, equipnent, and | arge bl ocks
of time to a single system A m)nitorin(r:] program focusing only on key data
collected at single representative tine would all ow coverage of nany systens wth
the sanme effort.” Bylooking at nmany systens with the sane species, a nunber of
natural experinents are avail able. (bservations that mght take decades (ten-
fold variation in fish densMyL or be inpossible for any Single population (e.qg.
varied | ake productivity) can be acconplished in one or nore years among several
popul ations. For _exanple, . by sinultaneously observing several kokanee
poPuI ations at varying densities and in |lakes of “varying productivity, we gained
Informati on about the effects of density and product|V|té/ on kokanee grow h and
fishing success (R eman and Myers 1990a, 1991b). Those data allow a nmanager to
predict relative changes in growh, size of fish in the catch, and success rates
that will acconpany nanagenent changes in any kokanee fishery.

By estinmating kokanee density with the nethods used on ot her popul ati ons
a manager can also gain an instanft perspective. Existing data on fish density,
standing stock, growth, and yield describe the range for |daho popul ations
(Reman and Mers 1990b; Mers and R enan 1991) and sinple enpirical nodels allow
prediction of fishery or population potential. If the data for a particular
population or fishery is not consistent wth expectations, then a nanager m ght
consi der sone change and the existing nodels would allow prediction of the
effects of that change. If the data indicate a fishery or population near its
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potential, then a manager mght conclude there will be little benefit to be
gai ned for the cost or risk of any change i n managenent .

An effective nonitoring program shoul d provide the best possible infornmation
for the lowest possible cost in tine and noney. The sel ected paraneters and
sanpling detail may vary with individual circunstances, but sone information
should be common to all programs. In Idaho, our experience with kokanee research
and rmanagenent has produced a substantial body of information on popul ati ons,
fisheries, and sanpling nmethods. That information should be useful 1n providing
a conparison for newly sanpled fisheries and in_devel oping an effective
monitoring programfor any fishery. The purpose of this report i's to review the
collection, interpretation, and aﬁplication of information that has been used in
kokanee nmanagenent and research and to reconmend approaches for long-term
nmoni toring of popul ations and fisheri es.

_ The information used to nonitor and nanage kokanee fisheries can be broken
into three major areas: 1) the popul ation including information on abundance,

rowth of individuals, annual nortality rates, and age at maturity; 2) the

i shery including information on catch rates, yield, and angler effort; and 3)
the | ake or reservoir environnment including infornation productiviiy, nor phoret ry
and ot her physical characteristics. This report deals primarily wth infornation
about the population and only cursorily with fishery and environmental
oFsea%atlons. More detailed reviews of the latter two topics are avail able
el sewhere.

ABUNDANCE

Application of Information

Estimates of kokanee nunber (total or age specific) density ﬁf/hectare) and
standing crop (kg/hectare) are useful for conparisons anong popul ations and to
describe trends or evaluate the effect of managenment changes Wwithin popul ati ons.

Initially, estinmates of kokanee density can give a nanager perspective on
the status of an individual population. Estinmated densities in |daho popul ations
range fromnear 0 to nore_ than 1200 kokanee/hectare. Mst of the inportant
fisheries support traw estimated densities of catchable size fish in the range
of 20 to 100 fish per hectare (Table 1%. Densities outside that range or strong
variation in the abundance of individual year classes can help define the causes
of poor or erratic fishing.

More detailed informati on about the |ake or reservoir environnment can
substantially inprove the interpretation or application of a kokanee density
estimate. Reman and Mers (1992) related the growth of individuals anong ten
popul ations to estimates of density and |ake productivity. Densit and
productivity, together, explained a |arge part of the variation’in size of fish
at age (Figure 1). Because catchability of kokanee is strongly related to size
of fish, fishing success is expected to be a tradeoff between grow h and fish
denS|tK (R eman "and Mers 1990b). Both nechanistic and enpirical™ nodel s predict
that the best kokanee fishing will occur at internediate densities (Figures 2 and
3). Wth estinmates of density (and productivity), then, a nmanager can determ ne

het her a fjsherg Is near the optinum | evel or whether substantial inprovenent

nl?ht be gai ned by increasing or decreaS|n?_the density through managerent. The
opti mum Kokanee density for an unproduciive system |ike Payette Lake, for
exanple, is predicted to be about 20 to 50 age 3 or older f/hectare. The nunber
of mature fish in the spawni ng
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Table 1. Estimated denS|t|es &Ilsh/he are) st andi ng cro? (kg/ hectare), and
| ate dsigtenber engt h-at -age® for kokanee in ten 1 akes and reservoirs
in 0.
Year of __ lenaoth-at-a%  Densitv-at-ace  kal
Site observation 1 2 3 1 2 3 hectare
Al turas Lake 1990 60 95 120 57 261 71 5.2
1901 . 95 135 .- 310 239 6.3
Ander son Ranch 1986 210 267 .- 10 11 S
Reservoir 1987 211 234 5 111 12.3
1989 T T 320 Tt T 5 2.8
1990 130 L L 15 L L o
Coeur d' Al ene 1978 163 205 250 307 129 121 ---
Lake
1979 158 195 245 237 186 47 26. 3
1980 158 185 255 174 202 110 24.1
1983 144 182 220 198 233 84 23.3
1984 150 182 --- 121 196 83 17.9
1985 161 192 225 89 193 262 39.6
1986 162 198 L 268 190 75 27.9
1987 161 --- --- 247 303 92 ---
1988 --- --- .- .- .- S -
1989 137 190 220 --- 410 97 ---
1990 154 205 226 Tt 256 137 T
1991 144 205 231 --- 158 110 ot
Dwor shak 1988 210 261 310 45 4 10 7.7
Reservoir 1990 220 085 - -- 161 1 --- 5.7
1991 207 325 347 39 4 1 4.8
Payette Lake 1980 90 156 240 4 36 9 2.5
1988 105 175 T 6 T -
1989 100 --- --- 14 --- --- 3.0
1990 100 135 --- 14 3 - S
1991 100 --- 240 7 -- 1 ---



Tabl e 1. Conti nued.

Year of Lenat h- at - age Densi ty-at- age kg/
Site observation 1 2 3 1 2 3 hect ar e
Pend Oeille 1977 148 205 235 52 131 29 17.2
Lake
1978 148 195 235 31 89 57 13. 2
1979 153 215 245 58 75 30 11.1
1980 148 205 255 44 42 46 9.6
1984 158 215 240 67 54 12 8.0
1985 157 221 262 46 55 16 8.9
1536 149 214 233 51 30 24 8.2
1987 142 214 252 35 37 19 8.9
1988 140 205 242 73 23 17 8.0
1989 163 207 233 52 53 20 9.7
1990 143 198 234 70 64 15 7.7
1991 150 195 220 37 78 34 8.9
Priest Lake 1978 144 213 245 15 14 7 3.0
1979 172 208 13 2 1
1980 150 7
1983 133 4
1984 162 27 2 1.0
1985 188 245 290 3 4 0.7
1986 263 3 1
Redfi sh Lake 1990 100 150 190 21 4 6 1.8
Spirit Lake 1981 194 224 260 128 143 161 62.7
1982 204 240 260 364 101 84 55.5
1983 192 224 260 475 256 94 85.7
1984 198 229 250 30 280 180 74.9
1985 192 224 256 360 197 129 74.3
1986 192 229 245 501 188 98 72.6
1987 204 229 270 311 605 170 142.5



Tabl e 1. Conti nued.

Site obgg?\r/atoifon 1 Lend h-2at-aae 3 1 Pens t2v-at i aG% hé(c(%/are

1988 204 240 270 393 160 272 119. 1
1989 186 220 270 228 389 151
1990 196 225 265 69 197 157
1991 176 210 260 571 236 72

Upper Pri est 1978 150 229 3 6 7.8
1979 139 28
1980 138 200 25 19
1984 133 6 2.09
1985 150 15 1.8
1986 161 254 7 7
1987 15 21 6

aSt andi ng crop was corrected to expected | ate Septenber based on Figure 7.
®Sanpl e | ength was corrected to expected | ate Septenber |ength based on Figure 10.



280 - AGE ONE
® [ o® *
200 A - e ° o 1:2. P
v e
- o
180 o v =] U§Et‘F€; =
v D ®
1004 Y v w v
= .0 4
2 ‘ v v 1111'1'"“ T v L """6' T L v "';I"oo
=
w **°7 AGE TWO
(&) ®
< 300 -
o
< Y ° b
280 - e vV ° .
x o S leo, ®
O 200 - v v 0‘3QJEK;;3 a &
=z v & ©o
w v
180 v
— v
o
uj 100 - v
m
§ 40 Y Lo e aee o n o b 4 T YT v YT
LL 1 10 100 1000
._
a
% 400 - AGE THREE
380 @
L J
300 e
e
=] o
260 J 8 .ﬂ”‘
L 4 ‘“vt:dﬁ;nfij fa) a o
200 - v
180 - o
v
v
100 -
.o L] L] T T vTryy L} L L AN SRLAN I & J L) Ld LN BN Sun B 2n |
1 10 100 1000
DENSITY (FISH/HECTARE)
@ SECCHI ¢ 5 M O SECCH! 8-7 M V¥V SECCHI » 7 M
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anglers hy stockin redators, |limting spawnjng escapenments, encouragi
explojtation, or otherw se reducing nunbers to |ower than nornmal levels. ~T
exlstin els predict no benefit “in_an i shery reduci ng densjties el ow

out 2 ect ar e. t hough, si of fIs I nCr ease, su ntia at | ower
ensities, fishing success shou not, and the risks of ¢co

esc ment ears to he relative st apl t about 10 f/hectare. A reasonable
Pp? en?PeP o ht t [}g a dou I?n ? 'St 4

I’a se_lrrlla¥/ I ncrease
rian"atl ally (Rerman and Mers 19%Ob, 19928._ Porﬂu#_atlons v¥1th ensities near or
cguct)\fvotus?ylev | expected to provide the optinumfishery shoul d be managed very

VW have also related standing crop or fall biomass of kokanee to | ake or
reservoir productivity (Figure 4)” (Reman and Mers 1991). Simlar relations
have been denonstrated for other fish populations and conmunities (Maiolie and
BHan and can be used to predict the relative capacity or potential of particular
system The predicted kokanee bionass for Anderson Ranch Reservoir is about 35
kg/ hectare; tor exanple, recently estimated bi omass has been fromtw to four
kg/ hectare. W should anticipate that Anderson Ranch Reservoir can support a
substantially |arger kokanee (fopul ation. In contrast, the predicted bionass for
Lake Pend Qeille is about 10 kg/hectare while recent estimates have been very
close to that (mean = 9.7 kg/hectare). VW should not expect that major increases
i n kokanee bi omass for Lake Pend Oreill e are possible.

Long-term nmonitoring of kokanee density can be used to eval uate individual
managenent prograns. For Lake Pend Creille, annual estinmates of kokanee nunber
are used to describe the relative influence and success of hatchery introductions
and indicate that hatchery fish represent an inportant, if not domnant, part of
the popul ation. In Coeur d Al ene Lake, trends in abundance of individual year
cl asses have been related to nunbers of chinook sal non oncorhynchus tshawytscha
which prey directly on kokanee. Mnitoring in Cpeur d Alene Lake is being used
in an attenpt to "fine tune" predator introductions. Mnitoring in Priest Lake
showed that hatchery introductions did not survive well enough to rebuild the
popul ation. Mnitoring in Payette Lake also indicates that hatchery
I ntroducti ons have doné little to enhance that popul ation.

Trawl i ng To Estinate Abundance

Met hods used to estimate abundance of kokanee in Idaho waters include m d-
water traw , hydroacoustics, and enuneration of spawners. Gllnetting has also
been used to i'ndex abundance on a linmted basis. Traw ing and spawner nunber
have been used nost in Idaho and provide the best data for conparison anong | akes
or for use in predictive nodels. Vé recent!¥_ conpl eted a trawl conparison surve
with all three Idaho trawl boats and a British Colunbia (B.C) boat. The tra
conmparison data will allow devel opnment of corrections for differences in
efficiency between the Idaho and B.C. trawl systens and thus the exchange of
data. Because of the established data base and the potential to expand with nore
observations fromB.C., we believe md-water trawing should represent the
primary nethod for sanpling and nonitoring |daho kokanee popul ati ons.

_ I daho has three boats available for trawl sanpling. Two large (9 mwit
i nboard di esel power) boats located in northern Idaho are best slUited to th
s r
hr ou

[oN =2

large | akes of that area. A smaller boat (7 mwith I/O gas power) is no
portable and is best suited for the smaller and | ess accessibl'e waters throughout
the southern part of the state. The trawl conparison survey showed that all
three boats produce conparabl e estinates of kokanee density for fish from50 to

200 mmin length. Data generated by all three boats for “fish in

SALMNDCC. 92 10
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Empirical relationship of kokanee biomass estimated by
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lake against estimated chlorophyll. The open points
represent observations from populations known to be
depressed and dropped from the regression. Data are from
Rieman and Myers 1991, but biomass estimates have been
adjusted to a September equivalent in cases where sampling
occurred earlier.
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that size range can be directly conpared. A description of traw procedures and
equi pnment operation applicable to all waters is in Appendix A Sanple size,
al l ocation, and timng nust be considered by popul ati on.

Sanmpl e Size and All ocation

The number of trawls necessary to provide an adequate popul ation estinate
depends on variability anong sanples and the size or conplexity of the |ake or
reservoir basin. Stratification of sanpling is useful in large waters (>5000
hectares) because kokanee are rarely distributed evenly over large areas.
I ndi vidual age classes often are aggregated in specific regions of the Iake.
Stratification may also be useful if there are distinct basins or arns that m ght
restrict random novenent or distribution of fish throughout the year. |If there
is no prior information on fish distribution, sanpling can be stratified by
natural features within the lake or sinply into areas of roughly equal size. The
number of trawls within each strata should be based on variability, but that data
is rarely available in advance. Wthout previous know edge of variability,
sanmpl es should be allocated by the relative size of each strata.

The variability in trawl estimates is often high and tends to increase as
the density of fish (and catch per sanple) decreases (Figure 5). At low fish
densities, the variability ampng trawls can be reduced by tncreasing the hauling
time (and thus the catch) per sanple. Increased hauling tine reduces the nunber
of catches with 0 fish. Longer hauling time also increases the total sanple of
fish, because nore time is spent with the net in the water and less tine is spent
retrieving, setting, and processing. Increased trawing tinme, however, wll
reduce the number of trawls possible. As long as catches are not very low (e.qg.
mean catch <1 fish per traw), precision of an estimate will be inproved nore by
i ncreasing the nunber of sanples rather than the length of hauling time (Figure
6). If densities are low and a sanple of fish (e.g. for mark recovery or growh
information) is nore inportant than the precision of the estinate, |onger hauling
times may be nore appropriate. W reconmend a minimm of five trawis for any

strata (entire water or substrata) when a density estimate will be made. |If
densities are very low (less than 10 to 15 f/hectare or about one fish per haul)
many nore replications will be necessary to get reasonable precision. Figure 6

can be used as an initial guide for sanple allocation.

Sampling Tinme

Generally the best sanmpling tine is as late in the growing season as
possi bl e. Verti cal di stribution of kokanee is strongly influenced by
tenperature. During peak stratification (late summer or early fall) kokanee are
distributed in a relatively narrow |layer below the thernocline. Earlier in the
year the layer can be nuch wi der. Late season sanpling thus requires the |east
vertical range to traw and produces the highest possible catches. Vulnerability
of kokanee to the trawl gear is probably related to fish size. Age 0 fish are
not fully recruited early in the year. Late season sanples should al so provide
the | east biased estinate of age 0 nunbers.

Late season sanpling is not possible in all waters. Reservoir drawdown can
limt boat access and can also restrict or elimnate areas that can be safely
trawmed (as the water is drawn down fish nmove too close to the bottom for
confort). The sanpling tine in each nmonth is also limted to six or seven nights
around the new noon. Usually only two or three different waters can be sanpl ed
in any nmonth, obviously all cannot be late in the year. In nost waters
stratification is adequate to begin trawing by early to md July.

SALMNDCC. 92 12
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catch for kokanee sampling done throughout Idaho lakes and
reservoirs in 1990 and 1991. Lines were fit by inspection.
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was predicted by regression from the relationship in Figure
5.
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General |y
i

drawdown systens should be sanpled first and |akes and stable
reservoi I

s | ast.

Because nuch or even nost kokanee growth occurs late in the season, bionass
estimates made early can be substantially lower than those made later. To
conpare anong | akes, bionmass estinmates nust be standardized for tinme of sanplin%
To do that we nodel ed the seasonal variation in kokanee biomss based on the
seasonal distribution of kokanee growth observed in Lake Pend Oreille and Coeur
d Alene Lake. Resulting correction factors (Figure 7) should be wused to
standardi ze an estimate to a | ate Septenber equival ent bi omass.

Depending on tinme of spawning, maturing kokanee also nmay not be avail able
to the trawl. Early spawning stocks often begin schooling near spawning streans
and even leaving the lake in August. Adults may also be large enough to avoid
the trawl. Estimtes of biomass nust consider the potential bias in not
adequately representing mature fish. If adults are not taken in the traw or
aPpear to be under represented, the Septenber bionass estimate can be corrected
if an estimate of spawning escapenment is available. In stable populations, the
adults normally represent about 30% of the total Septenber biomass. |f spawning
escapenment cannot be estimated, the true Septenber bionmass should be approxi nated
by multiplying the Septenber biomass of immture fish by 1.4.

Limtations of Traw ing

There are several inportant limtations that nust be considered with the use
of the trawl for kokanee nonitoring.

The trawl probably provides a biased estinate of abundance and age or size
conposition of the population. W know that small (<50 nm kokanee can pass
through the net and are underestimted. Larger fish nay also avoid or escape
from the net once they sense it. Conparison of catches anbng traw boats
suggests that efficiency may decline with fishing speed for fish larger than
about 220 mMm As yet, we have been unable to estinate efficiency by size so the
magni t ude of bias relative to size, is unknown, but traw estimtes of total
nunber average about 60 to 70% of those nmade with hydroacoustics. W believe
that the best (Ileast-biased) estinmates of abundance are for fish between about
50 nm and 220 nm Until traw efficiency is actually estimted by kokanee si ze,
caution should be used with density estinates for fish outside that range.

As discussed above, trawl density estimates are often inprecise. Sequentia
annual estimates have been used to estimate survival between ages or from
hat chery rel ease or potential egg deposition to resulting fry in the |ake. The
precision of the survival estimate will be directly related to the precision of
the two population estimates and is rarely conputed. G ven the expected
precision in traw estimates outlined in Table 2 we simulated the precision that
could be expected in survival estimates. In nbst cases it will be very difficult
to detect anything but very large changes in survival anon? years and estinates
of survival between ages that span the sizes where trawl efficiency changes my
al so be biased. If estimates of survival are inportant, every effort should be
made to maxim ze the precision of the abundance estimates (i.e. large sanple
sizes); caution is also advised in estimates that incorporate fish below 50 mm
or above 220 nmm Because variability in catches tends to increase dramatically
as density declines, survival estimtes based on density estimtes of |ess than
10 to 15 f/hectare will al so be suspect.
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Table 2. Error bounds?® for survival

variation (CV)P typical

estimates with two coefficients of
of trawl density esti nmates®.

Error bounds for survival

octimtoc with O\ nf-

0.20 0.40
True Survival | ower upper | ower upnper
0. 05 0.03 0. 08 0. 015 0.15
0.10 0. 06 0.17 0.03 0. 38
0. 50 0. 35 0. 80 0.18 1.60
0.75 0.50 1.20 0. 20 2.25

* Approxi mate 900 error bounds were generated by Mnte Carlo sinulation of

simulation of survival (N/No

estimates where No equals an estinmate of

abundance for year class in the first year and N, an estinmate for the sane year

class in the following year. The estimates were assunmed to have normal |y
distributed errors with nean of N

b cv=spy Nwhere N is the population or density estinate.

See Figure 6 for anticipated CV for typical

KCKTAB- 2. 92
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or No and CV of

0. 20 or

0. 40.

traw sanple sizes and catches.



] In addition to the expected variation and bias, trawl catches are also
influenced by other factors. Light can have a strong influence on efficiency,
wi th obvi ous net avoi dance occurring under even partial noonlight (Robinson and
Barracl ough 1978). Uncertainty in depth can also | ead to under or over-sanpling
segnments of the kokanee |ayer and thus a negative or positive bias in the
abundance estinmate respectively. Net depth is influenced by boat speed, the
configuration of the traw gear (doors, foils, and floats),” and by the crews
calibration of wire-out-to-depth fished. In any survey, care should be taken to
make the sanpling approach, ti mng, and gear as consistent as possible. Trawin
shoul d be only at times of full darkness (no noon) (see Appendix A). The tra
depth x wire out calibration (Appendix_A) should be nmade every year or any tine
configuration of the gear is changed. Trawl speed (not RPM) shoul d be nonitored
carefully throughout the survey and nodified as conditions (w nd, chop) require
to naintain a constant speed through the water. The kokanee |ayer 'should be
noni tored t hroughout the survey and fishing depth shoul d be adjusted as the |ayer
changes. Fishing depths shoul'd be sel ected conservatively to insure the |ayer
is fished conplétely (i.e. traw depths conpletely bound the |ayer).

Despite the inprecision and bias in traw estinates, careful sanpling should
keep the uncertainty within a factor of two. Trawl data will be best used to
nonitor long-termtrends in populations or for conparisons anong popul ations
where relatively large differences are expected and are inportant. Special care
shoul d be used for any interpretation of year-to-year variation or cases where
estimat es of absol ute nunmber are inportant.

Costs - Time Manpower

Assuming 5 to 10 traws per night of work, nost kokanee waters in |daho can
be adequately sanpled in two nights. A work night, including daily travel to and
fromthe |aKe, setting up the equi pnent, shakedown and actual sanpling, wll be
6 to 10 hours. Sanple work during the day (lengths, weights, scales, otoliths)
is two to four hours for each night of Sanpling depending on the size of the
catch. The crew for trawing is a mninumof three people and a nmaxi num of four.
Field work, excludi nﬁ the travel tine to and fromthe |ake or reservoir, should
be 30 to 40 person hours per night of sanpling. Addi tional hours required for
mai nt enance of the boat, transport to and fromthe regions, and other routine
support activities will depend on the crew hired, anmount "of work schedul ed, etc.

The trawl boat is operated on a Departnent reinbursable account for about
$50 per hour which covers all naintenance, equipnent, and fuel. Traw operation
costs are about $400 per night.

) Time and costs for sanple and data analysis depend on the detail necessar%
in aging and the infornmation requirenents of the region. Ohce age and gr owt
work is done, data entry and conputation of the estinate require only one or two
hours dependi ng on conmputer conpetence and famliarity with the spread sheet.

Al ternative Met hods for Abundance

~ Hydroacoustics, gillnetting, and spawning surveys have all been used to
noni t or kokanee abundance. Onl}/ hydr oacoustics and spawni ng surveys have the
potential to provide estinmates of absolute nunber that may be used for conparison
anong | akes and with the existing data base. dllnetting can provide infornation
on relative abundance for a single population through tinme if netting is
intensive and consistent in approach. [l net sanples, however, are notoriously
variabl e and the nunber of net nights necessary to provide reasonabl e precision
for annual conparisons i s often unrealistic (yD [ on 1989).
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Hydr oacousti cs

Hydr oacousti c_estinmates can provide very precise (+ 10 to 20% estimates of
abundance with a mnimal amount of effort (less than one night on nost waters).
It is possible to make hydroacoustic estinmates of kokanee abundance with nuch
less effort than by trawing. Presently, hydroacoustic estinmates can provide
only crude estinmates of fish size frequency and total bionass and no estinate of
speci es conposition. In nost cases it is necessary to have sone other sanpling
(gill nets or trawl) in addition to the hydroacoustic work to nake an estinate
of kokanee abundance by age or size.

Present|y hydroacoustic work nust be contracted through consultants at costs
of $1000 to $2000 per night of sampling including data analysis. |If severa
| akes were done at one tine, the total costs of hydroacoustic estinates woul d be
simlar to that for traw estimates.

~ Hydroacoustic estimates shoul d be nost useful in circunstances where precise
estimates are necessary, where kokanee are the dom nant or onuy | i metic species
and where trends in total abundance or biomass are adequate for n0n|tor|n? or
in cases where trawling is not reasonable (e.g. reservoir drawdown or w fhout
roon1to_tram12. A conbi nati on of hydroacoustic estimates and traw ing shoul d be
useful in systens where absolute estinates of year class abundance are inportant
to estimate survival (e.g. nmonitoring the influence of predator introductions or
artificial fry or spawni ng enhancenent).

Spawner Counts

~ The utility and quality of estimates of spawni ng escapenent depend on the
i ndividual system In sone [akes, spawners use only one streamwhile in others
spawning may be in nultiple creeks and along the shoreline. In the first case,
an absolute estimate of escapenent can be nade by trapping the run. An
aﬁprOX|nat|on can be nade by periodically counting all fish in the strean{s), and
then naking an expansion of” the nean or "peak count for the average tine an adul t
is in the stream The expansion factor should be estimated by trappi ng the ful
run on several occasions and conparing spawner trend counts to tThe known
escapenent. In reality, this has been done rarely, but approximtions of
escapenment as two times the peak count are often used. Wthout confirmation
there is no way to know the relative bias of such estinmates, but they are
probably within an order of two.

Absol ute estimates of escapenent are useful, because they allow a direct
Cﬂnparlafn with the other estinates of abundance. Wen. co arlpg dlrectlg w th
the traw . data, care nust pe taken to,accouBt {or the | ower F |C|en%%b f the
traw estinmates (1.e. trawl estimate is probably 60 to 70% of true n r and

rhaps less wit ish larger than 220 . Conparison of spawner estinates
gﬁou?% al so conS|Jer nnrtgl{t tﬂat n&?ﬁoccugn%etmeen thept%%$ng of | ake
estimates and spawni ng escapenentngy.e“ spaﬁper abund?nce nma Pe reduch 50% or
SQBFoiJQﬂhﬁne year “precedi ng turity Dbecause natural nortality and
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AGE AND GROWTH

Application of Information

The quality of a kokanee fishery is a tradeoff between the size and nunber
of fish available to anglers (R eman and Mers, 1990b). The size of available
fish is influenced by %rowth and age at maturity. Gowth and size at maturit%
can be useful indices of the status of a kokanee fishery. Information on grow
is relatively easy to get. Lacking any information on a kokanee popul ation or
fishery, it is probably the nost inmportant data to gather.

Information on growh can provide a crude index of fish abundance. G owth
is strongly influenced by fish density and | ake productivity (R eman and Myers,
1992). Wth the existi n? enpirical relations (Figure 8) biologists can infer
density with know edge of |ength-at-age and |ake productivity. Long-term trends
in length at age can also provide information on the stability of a popul ation.
Size of spawners docunents the establishment and long-term growth of the kokanee
popul ation in Coeur d Alene Lake, for example, and has been used to infer
1I‘EII uct li%tgil(;ns in abundance related to discharge in Dworshak Reservoir (Miolie and

am .

Gowh can serve as a redflag for managenent. Vulnerability of kokanee is
stron%Iy influenced by size. Few, if any, fish will be taken by anglers when
| engt drops below 200 mm regardl ess of abundance. When the nmaxinum size
avai l able to anglers ranges bel ow about 220 mm biol ogi sts may assunme that either
densities are too high or productivity is too low to support a good fishery. On
the other hand, high length-at-age for a given productivity indicates that
nunmbers may be approaching a dangerously low level. Vulnerability and
exploitation nay increase dramatically as densities and size decline creating an
unstable system (R eman and Mers, 1990b). The collapse of some fisheries
i ncl udi n? Fl at head Lake may well have been triggered by attenpts to manage for
relatively |low nunbers and large fish (R eman and Mers, 1990b). The optinmum
density for nost popul ations appears to be in the range of 20 to 50 age 3+
f/hectare (traw estimated density). Using Figure 8 for a lake of internediate
productivity (sunmer nean Secchi = 6 n), densities of 20 to 50 age 3+ f/hectare
should result in Septenber |engths of about 240 to 250 nm Lacking any other
i nformati on about ensity, fish substantially larger would be evidence of
dangerously | ow numbers.

We have used length-at- ge in |ake sanples as the standard neasure of growh
for kokanee popul ations nonitored over the last 15 years. The length weight
rel ati onship has been used commonly as an index of well-being in many fishes but
not commonly in kokanee populations. Condition may be positively related to
rate-of-growth but not always. Condition of kokanee varies substantially anopng
| daho populations and is not clearly related to growh (Figure 9). Estinmates of
weight are required for any estimates of total biomass. A length weight
rel ati onship can be used to estinmate weights for mssing observations and nay be
useful for nonitoring trends in the status of any single popul ation.

Met hods for Age and Growth

Length at Age and Age Conposition

We use total length and sunmarize data in 10 nmlength groups. Length-at -
age is represented by the nmodal | ength for each age class. Length-at-age
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of spawners can also be used to estimate growth and often can be obtai ned nore
easily than sanples of fish in the | ake.

Kokanee are growing rapidly during the season, and because sanpling cannot
be conducted on all waters at” the sane tine (especially with trawl), it is
necessary to correct the estimated |l ength-at-age to a standard sanpling tine for
conpari son among |akes. Relatively lNttle growth occurs after Septenber in
i mmat ure kokanee and virtually no growth occurs in nmature fish (especially if
they spawn in August). VW& have also tried to enphasize sanpling in the fall for
the” popul ati ons nonitored over the longest time (e.g. Lake Pend Oeille, Coeur
d Alene Lake). For those reasons, we have used length-at-age in |ate Septenber
as the standard nmeasure of growth. Septenber |ength can be estinmated for fish
sanpl ed on earlier dates from Figure 10.

Agi ng of kokanee is required both for estimating growth and for naking
estimates of abundance by cohort. Aging estimates can be made from scal es
otoliths, length frequenCy analysis, or a conbinationof any or all. Lengt
frequency analysis can be msleading especially when year class strength varies
dramatically or when growth is slow and | engths tend to overlap anong cohorts.
For that reason we, recommend always verifying |ength frequency analysis with at
| east sone direct aging.

Kokanee scal es are usuallgc?asy to read and are the preferred a%i n%
structure for nost popul ations. ales often are lost on snall Tish captured i

the trawl and cannotbe used for aging mature fish because of resorption

q[oll _|tt#s er11re best t|)n t hese tCI rcurtn;tan es. V]‘cé advt?fe_ Caluttl on in Itlhe_ se]of
otol iths, however, because interpretation is en diffic especi a in s]ow
r ow ng gogu\‘\etlons Any agi nP gt udies s ou_8 e c eckedub b|PI nd ret\gllcatmn
mong ~several bi ol ogists: f agreement in assigned age is not common,

alternative methods should be used to develop consistent "aging criteria and
I nterpretations.

Data should be reported for each age class as the nodal length at tine of
sanple and as the length corrected to |ate Septenber (Appendix B). Mdal
| engt hs- at -age for spawners shoul d be reported segarat ely for mal es and fenal es.
Secondary sexual characteristics for males will bias the estimate of length in
conparison wth prespawning fish. For conparison anong popul ations, the |ength-
at-age for spawning fish should be nmade only for femnales.

Condi ti on

_ V¢i ghts shoul d be col |l ected on fisg throiJ?hout the full length distrjbution
inany sanple, It iIs |rrfortant to provide replication in each siZe range but not
necessarily in every 10 mm S|7re roup. Sanple size reconmend t|on}s] are hn
Agroendlx . It _regression analys lS) I's used to descripe the engt wel ght
refationship, repliCation should be bal anced throughout the |ength groups (€. g

H a%oisnanmgsn%oelso to 100 mmfish then 10 sanples for 150 to 200 o avoid

Qur observations of growh in weight of kokanee suggests a shift in slope
at about 100 mmin length (Figure 9). If length weight nodels are used to
descri be and conpare condition anong popul ations, 1t is inportant to fit separate
nodel s to upper and |ower segments of the distribution.

For standardi zation, data on the weight of kokanee should be reported as the
nmean wei ght observed by | ength grou[‘l)_ (Appendi x B). The nunber of sanples shoul d
al so be reported for each group. The spreadsheet for calculating popul ation
estimates (Appendix C) provides this printout directly.
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Figure 10. Correction factors to estimate September equivalent length
for kokanee sampled by trawling between June 1 and September
30. Correction factors were estimated as outlined in Rieman
and Myers 1992. The lines were fit by inspection.
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OTHER DATA

Fecundity, Potential Egg Deposition

The fecundity of female adults obviously has a direct influence on potential
recruitment. Estimates of survival from potential egg deposition to resulting
fry the following fall have been used as a neasure of relative productivity in
i ndi vi dual stocks. Typical survival estimates for Coeur d Alene, Spirit, and
Pend Oreille lakes may range from less than 1% to about 4% Estimates in the
| ower part of that range may be associated with declining or unproductive
popul ations while the higher estimates suggest a nore productive or 9row n
popul ation. Estinmates in Anderson Ranch Reservoir have been as high as 10% whic
suggests potentially, a very productive kokanee popul ati on.

Potential egg deposition is the product of nean fecundity and female
escapenent. Femal e escapenent nmay cone either fromthe trawl estinmates or direct
estimtes of escapement. If the former is used, its inportant to consider the
potential bias in the estimte related to traw efficiency and nortality of
adults prior to escapenent.

Fecundity is estimated directly by counting the eggs in individual fenales.
Trawl sanples of maturing fenmales are often too few to develop a good
relationship of fecundity to fenmale size which is necessary to estimate fecundity
in unsanpled size classes. One alternative is to sanple green females in the
spawning run. In the absence of data fron1the_PopuIati0n of interest, existing
data from other |akes (Figure 11) can be used. The relation of fecundity to size
may vary anmong popul ations, however, other sources of error in estimtes of egg
deposition are probably substantially |arger.

Age- at-Maturity

Age-at maturity can have an inportant effect on the ultimate size of kokanee
in a population and the quality of the fishery (Rieman and Myers, 1990b). Mich
of the annual variation in a fishery, and egg production at spawni ng, may be due
to variation in age at maturity. Later nmaturation also neans fish nmay be
vul nerable to anglers for nore years. In general, for our purposes, the later
kokanee mature, the better. Age-at-maturity is probably geneticallg controlled
but also seens to be influenced by growth (R eman and Myers, 1990b). Maturity
rates then may vary as a result of changing fish density and could be influenced
by either hatchery sel ection or hatchery rearing

Lake or Reservoir Productivity

Grom h and standing crop of kokanee is strongly associated with relative
productivity or lake or reservoir rearing environments. Tenperature nmay also
i nfl uence ?rownh (Rieman and Myers, 1992). Traditionally, studies of kokanee or
sockeye salnmon growth have included full blown Iimological investigations and
especially estinmates of zooplankton abundance and size structure (zooplankton
represent the primary food source).

Compl ete |immol ogi cal work probably is not necessary for nonitoring of nopst

popul ati ons. Conplete zooplankton work (full season description of bionass or
abundance) necessary to describe food production anmong | akes is
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Figure 11. Relationship of fecundity to length for female kokanee
collected from lakes throughout Idaho.
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time consumng and difficult. Consistent zooplankton data that would allow
corrPa_rl son anong kokanee lakes is also limted and thus of little utility for
explaining growth patterns in any multisystem enpirical nodel. Monitoring of
sinple trends such as size and species conposition within a |ake, however, nay
be acconplished with a lot less work (e.g. two sanples per season) (see Miolie
and Bowl es | DFG Li mo- Cookbook'). Such data could be useful for interpreting
long-term fluctuations in abundance within a single lake (e.g. a shift to smaller
zoopl ankton forns shoul d acconpany increasing density and slow ng growth) and

could be incorporated in a long-term nonitoring program

G her indices of |ake or reservoir productivity are easier to get and nore
useful for predicting growh. --S'”PI e neasures of trophic status like Secchi
transparency and chlorophyll 'a explain a large part of the variation in growh
and standing crop anong |daho kokanee popul ations. Total phosphorous and
conductivity nmay also bé useful as they are often correlated with the other
neasures and have commonly been used to predict fisheries yields (Mers and
R eman, 1991). W recommend that any kokanee nonitoring ﬂ_rogram i ncor porat e
summer nean Secchi transparency as a fmni num neasure of trophic status. Sanpling
should be at least nonthly fromearly My througfh Septenber to cal culate a sunmer
mean. Sanpling shoul d be” conducted as frequently as possible but does not need
to be done every year. The nore detailed |imological information should be
i ncor porat ed whenever possible, particularly if inorganic turbidity may influence
neasures of transparency.

Physi cal Characteristics of Lakes and Reservoirs

Lake norphometry, tenperature, oxygen, elevation, and surface area
undoubt edl y. i nf |l uence th? Broduct Vft% of, "kokanee poP | ati ons and f|sher|e?
her_Ehgn the obvious 1 nfluence o ake SI%F, those effects have not been werll
descri bed. Such data are easily obtal ned, however, and should be i ncorporated
%n any data base for kokaq$e Qqutorlqg to allow nore detail ed anal s?s in the
uturée. Lake norphonetry shoul e characterized as surface area, total volune,
nmean depth, and shorel|n8 length at full . pool aqg obV|oBst n%?d to be. done only
once. .  Tenperature qn oxygen rofiles s ?uld e " taken durin pea
stratification, usual in te gust or early Septenber. Tenperatlre an
oxggen,na vary substantbab} fromyear to gear, hut oc??3|onal sanpl es &Pnce
ev ty five years) are proba adequate to characterize differences anong kokanee
syst'ens.

Dr awdown . and éii schar%e nmay have, i nport ant %ffects on the survjval of
kokanee. Ml o] ie and El am (1992) “showed a strong rel ationship be%\/\een di schar ge
and spawner abundance in rshak Reservoir. Thel'r data su%gest that entral nnent

| osses ma roduce very weak year classes durin i flow years. Lar
dr andowns Ka\Pe al so be associated wth the coll apse o? Eol?anee In %d%rson Ran%ﬁ
ReRservm r, though predation_ b mtroduc&ad chi nook may have been inportant as, well
g enan a\ng l\)/ye s, 1991). D scharge an cfra\/\dovxn ecor are SO eas¥ t?< btain
nd shou e incorporated into annual records with any [ong-term kokanee
nonitoring on reservoirs.

Fi sheri es

The quality of the fishery is the ultinate neasure of any kokanee nanagenent
program Absolute yield (kg/héctare/year) catch rates and angler effort can be
conpared anong systens to determ ne whether a fishery is approachlrﬁg its
potential or has roomfor inprovenent (Renan and Mers, 1990b; Mers and Renan,
1991; see F %ure 3). To allow conparison anong fisheries, data nust be collected
t hroughout the year to account for seasonal variability in success and size of

SALM\DOC. 92 26



fish. afull census should be incorporated into any nonitoring program as
frequently as possible.

Pr edati on

~ Fish predators can strongly influence kokanee popul ations and fisheries
§_Fa eman and Mers 1991) and probably explain the collapse of some |daho
i sheries. Stocking records of potential kokanee predators should be a mni mum
requi renent for ar&y kokanee nonitoring program Gher data on growh, popul ation
dynanmics, and food habits of predators by size or age, are also inportant if an
eval uation of potential predatory effects is to be done. Such information shoul d
be incorporated into a kokanee nonitoring program whenever possible.
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APPENDI X A

Trawl Fi el d CGuidelines And Procedures

I\ﬁp t he ng? and |dent|ffy asi ns anﬁl subbasi ns with constant m ni mum dept hs
of at lTeast 90 feet (or 15 fathons). These represent the safe traw ing areas.
Each basin nmust have at |east one nautical mle of open water to be a pot ent|!1al
trawing site. |f a norphonetric m%p is not availabl.e or 1s questionable, then
sonme echo soundi n% is necessary bhefore trawing to secure the trawing sites
and to identify hazards.

end sone tine on the |ake during daylight even if ood map is avail abl e,
Do en%)ugrh sounding to be ?arr?l?ar w'tgn the gottom and t%egtcl)ght pspots. Set | out

}gﬁd];rla? gi rg) r%a}]vei qaatdigncﬂlia?ws to help locate others at night; note obvious

Take a Secchi reading in open water between 10 amand 4 pm A so, take a
tenperature profile. If timng is too tight, these things can be dropped.

Sanpling goals should be determned by size and expected variability for
each lake or reservoir. If space and/or tinme is limted, the m ni num shoul d be
seven traw s for any water where we need an actual estinmate of density. Wthout
conplications, 14 traws should be possible in one |ong and one short night.
Wthout sacrificing travel and rest tine or safety, add as nmany additional traws
as possible. Identify all possible trawing |ocations within the water body and
number them sequentially. If there are 14 locations, then trawl each oné. If
there are less than 14 possible sites, select sites randomy. If there is nore
than one distinct basin (e.g. fish would not nove easily back and forth after the
water stratifies, or habitat such as depth, bottom contour, or exposure differs
dramatically between two or nore areas), then stratify the sanpling among basins.
The nunber "of traws allocated to each basin shoul d” be proportional to size of
the basin, but never less than two (better with three).

Kokanee caB avoi d the net w’}h verM | ow avail abl e Iiﬁ t. ToaVOi% bi_ased
slarrR egin trawing until one_hour after sunset a} 3 the first

% l'e

'ei ? e ot Kay f t { SHOR A nd "Rok
a\a} _ero u I%ho’ulén nec]f[lr 3/91 LEsaed zlalss Oaﬁ/, oPr i Rteacnolrcrr%lorsao . nﬁ']eyvmr e|,no {]rerg

ble b nth for 1992 1s sh in Figure 1. In other years rking tjme
W ge agptyoxqonat ely the sane in ea\{\& nont h? but data wll change vﬁh th dlate
of the new noon.

Echo sound at about 1200 to 1500 er (as fast as you can_go without noise
on the echo gram) just prior to the first traw. Identify the fish |layer and set
up the traw steps to conpletely bracket the layer (Figure 2, identify depths and
recalibrate every season). Select the step tines to naximze the length of traw
but still provide a safe working room Step tinmes should not be |ess than three
m nutes and shoul d not need to be | onger than eight m nutes.
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APPENDI X A (cont.)

| f . Dstance traveled while trawina |

3 3 nin 1140 0. 62
4 3 nin 1380 0.75
5 3 nin 1620 0. 87
3 5 nin 1500 0. 81
4 5 nin 1860 1.0
5 5 mn 2220 1.2
4 8 nin 2580 1.4
5 8 mn 3100 1.7

Most trawls should be run by dropping to the bottom step and then working
up (mnimzes risk for unknown hazards or mscal cul ation down the way). If oné
needs to work out of shallow water into deep water, the steps can be reversed or
started short of the bottom working down and then back up (take extra care to
keep track of your depths).

For the snmall traw boat, set the traw at 1,000 to 1,200 rpm Traw at
about 1,500 rpm but verify the boat speed to select the final traw rpm Target
boat speed should be 0.98 nps to keep the traw depths accurate. Wen checking
the boat speed, make sure the flow neter is not influenced by the bow wave.

Mnimze lights as nuch as possible while trawing. If there is other boat
H]afflc, use the running lights and flash the deck lights or spotlight to warn
em

DATA COLLECTI ON

_ Traw catches shoul d be worked up as soon as possible, but can be held on
ice if catches are large or timng is tight for getting in all the traws.

If catches are snall and traws are long, the catch can be worked up while
traveling between sites or while trawling. |If catches are large or tine is
short, bag the fish fromeach traw, nunber 'the bag to match the data sheet, and
hold on ice until the next day. Use one data sheet for each traw (Figure 3).

Lengt hs

Measure total length on all fish (pinch the tail closed). Truncate the
lengths to the | onest whol e 10 mnlen%th gr oup %l.e. a 245 mmfish is recorded
as 240, 259 mmas 250, and 260 mmas 260). If there are |arge nunbers of age O
fish, measure at least 10 per trawl, then count the renaining fish and allocate
themto length groups in the same proportions as the neasured fish. Measure at
least 50 age O fish fromall the traw s conbined. Record the lengths on the data
sheet corrésponding to the traw of capture. Be sure that trout are not m staken
for kokanee, but do note all species caught.
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APPENDI X A (cont.)
Wei ght s

Wei ghts should be taken from a e@oled sample of all the trawls (i.e. the
do not need to be trawl specific). i ghts should be taken from 10 nm | engt
groups. No nore than five weights per length group are necessary. Fish under 100
mm rmay be grouped (by 10 mm group) and wei ghed together to get an average for the
| ength groups. Weights should be recorded on a single nmaster data sheet.

OQoliths and Scal es

Qoliths should be taken from a pooled sample of all trawls. Qoliths
shoul d be taken to represent the major length groups or age classes that may be
present. Sanples should be concentrated in 10 mm length groups where there
appears to be overlap in age classes. Do not take nore than 10 otoliths per 10
mm length group with a goal of 60 otoliths for the entire sanple. A coin
envel ope should be labeled with length, date, and location for each otolith.
Clean each otolith by noistening and rubbing between your fingers to renbve as
much tissue and debris as Possible (they are tough to clean later). Place
otoliths in the plastic vial and then in the envelope. Take scales (10 per
length or age group) and pair with an otolith sanple (i.e. sane fish) and snear
on a small piece of paper placed in the envelope with the otolith container.
Seal the envelope. If you do not have tinme to get all the necessary otoliths,
bag the fish by length group and keep on ice until back in the office.

Maturity and Fecundity

Open all fish longer than 200 mm |f obviously maturing note sex on the
data sheet. Renpve mature e?g skeins and preserve with formalin or 80% al coho
in a whirl pack. Label with fish length, date, and |ocation.

The goal should be 25 femal es from each popul ati on but probably will not be
possi bl e in nost sanpl es.

M scel | aneous

In some ?opulations hat chery fish have been stocked and will show up in the
sane length classes as age 0 and age 1 kokanee. In these populations it wll be
inportant to take a large sanple of otoliths from the smaller |length groups so
that we can identify hatchery fish. If one is unsure about how many to sanple or
do not have tine to get the otoliths, bag the fish by Iength group and keep on
ice until back in the office.

Equi prent and Check Li st
Remi nd the Region or Sheriff of presence.
Coolers (1 large and 1 small) Bl ock ice

El ectroni c bal ance Scal e packets and otolith vials
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APPENDI X A (cont.)

Equi prrent and Check List (cont.)

Mar ki ng pens

Filet knife and scal pel
Food, water

Secchi di sk

Rai n gear and rubber boots
Radar functions

Comput er, diskettes
Ther m st or

Timers, extra batteries
Measuring board

Smal | gar bage bags

Equi prent manual s

Scal e packets
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Al cohol or formalin

Back-up sounder and chart
paper

Navi gation |ights

Fl ashlight batteries

VWi rl packs

Lotus spread sheet

Gonad Tissue vials

Dat a sheets

Zi pl ock bags

For ceps

Fl ashl i ght bul bs

Oolith vials



Example of hours of darkness.

Figure 1.

Appendix A.
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Appendix A. figure 2. Example calibrationms.
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Appendix A. Figure 3. Sample data sheet.

DATE
LOCATION Page ___ of ___
Number Weight Age Number Weight Age

, (n) (g) Str o” Q (n) (g) Str 5 Q
30 00
40 310
j=.8) 320
60 330
70 340
80 350
A 360
100 370
110 380 '
120 330 [
130 400 i
140 410 !
130 420 F L
160 430 ' u
170
180 Trawl Number
190 Minimum Depth Marximum Depth
200 Mumber of Steps __
210 Time/Step (S) ____ Time Between Steps ____ (S)
>0 o Boat Speed ' (M/S)  RPM Angle
220 Crew
240 Conditaions

Comments

250
260
270 :
o0 i
—o

36



APPENDIX B

Example of a Minimum Standard
Data Report of Kokanee Trawl Estimates

LAKE:

ALTURAS

YEAR
DATE

NUMBER OF STRATA SAMPLED 1

TOTAL SURFACE AREA: 337
Kokanee USEABLE SURFACE AREA: 212

1991
Sept. 8

TOTAL # TRAWLS _7

AGE 0 AGE 1 AGE 2 AGE 3 >AGE 3 TOTAL

Number 5,600 67,200 48,600 3,700 125,900

Variance 0.7x10% | 1.0x10% | 1.0x108 | 2.2x10°

Density 26 311 239 19 590

Fish/hectare

Modal Length (mm) 45 65 95 190 205

September 45 65 95 190 205

Corrected length

Estimated

Biomass of Sample 6.3 September Corrected Biomass 6.3

Adult Bias Corrected Biomass Method: (30%) _ X Corrected
Est. 8.2
(Estimated
Escapement)

COMMENTS:

Aging incomplete.
estimates.

Age 1 (1+) fish may have been included in Age 2

>Age 3 length from sample of spawners in mid-Sept. Spawning
escapement very weak and correction for spawner bias (30%) probably
too high.

All Age 3 sample was immature.

Useable surface area best guess of area of lake at 60' contour,
morphometric map not available.

Sampling conditions good; calm; dark!
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APPENDI X C

Docunent ation for Lotus 123 Spreadsheet, Traw .wkl,
for Estimating Kokanee Density, Nunber, and Bi omass

The estimati ng nethod for kokanee nunber, density, and bionmass is set up

as a LOTUS 123 spreadsheet named TRAW.. WK1. Touse the spreadsheet, one
shoul d be prepared with the foll ow ng:

1

2.

Nunbers caught per trawl by |ength group

For each trawl, the vertical depth enconpassed (fromthe bottom of the net
on the lowest step to the top of the net on the highest step); the
average tine at step and the average tine between steps; average boat
speed during the trawl (should be very close to 1.0 m second). The
assuned nouth area of the traw is 9.29 square neters

The surface area used by kokanee for each strata sanpled (note that there
cannot have nore than three strata for one spread sheet%. The surface
area used by kokanee is estinmated as the surface area of the | ake at the
m d-depth of the nighttime kokanee layer. If one does not have an
estimate of surface area, the programwi |l give estimates of fish density
(f/hectare) but will not give a total population estimate.

An estimate, approxinmation, or assunption of the |ength groups
representing each age class. If aging is uncertain, the estinmate may be
portioned into any [ength groups that nake sense based on the length or
other data (they just will not be estimates of individual cohorts).

The neasured or estimated nmean weight for fish in every sanpled 10 mm

| ength group. The programw || cal culate the mean for your observations
fromtotal weight and total observations in each length group. If one
does not neasure weight directly for each |l ength group, then m ssing
observations should be estimated froma length x weight relationship from
t he avail abl e observati ons.

Use the spreadsheet trawl .wkl as a tenplate for each |ake or estinate that
i s done and save under a new nane.

The program provides both an arithnetic and a total ratio estinmate of nean
fish density as a check for potential bias. Normally the two estimates
shoul d be very sinilar, but when variance is very high or when one sanple is
areal flyer, the two estimates will diverge. In that case, one may want to
| ook carefuII% at the outlying estimates for possible bias. The ratio
estimate is the best (least biased) estinmate to report in all circunstances.

The programis run entirely by macros. One can enter up to three strata
with up to 10 traws fromeach. Instructions for running the programare at
| ocation Al.

The following is a sutmary of the Macros:

At-E Puts the cursor at the top of the data entry form Alt-E can be

used at anytime during the program

When entering data one nust conplete the lake infornmation part for
all three strata - even if it does not apply. Enter 0 for nunber
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Alt-F

At-P

APPENDI X C (cont.)

of hectares for missing strata. Be sure to enter the number of
trawms in each strata, Lotus uses this nunber to calculate
vari ances.

Enter all weights fromall fish with strata one if possible. If
filling in later, enter with Strata 3 in data storage area.

One only need to enter data fromthe wei ght sanple once. Donot
worry about nissing_length groups here, the final estimate wll
pronpt one for m ssing data.

Moves data fromthe entry formto a storage area at DAl then clears
the original entry formfor one to enter data for the next section

Moves data for 2nd strata fromthe entry formto a storage area at
DA62 then clears the original formfor one to enter data for 3rd
strat a.

Moves data for the 3rd strata fromthe entry formto a storage
area at DAl 23 then clears the original form Puts the cursor at
an instructional screen.

Generates |ength frequency histogramin Lotus. To return to the
spreadsheet hit ENTER then Q. Histogramincludes all fish from al
strata.

Use after entering size ranges for each age group (inclusive).
Cal cul ates density estimates and stores results at DT1. It takes a
VERY LONG time to run this nmacro - drink a cup of coffee now

Returns the cursor to a screen that pronpts one to enter nissing
wei ghts for length groups that are marked by an asteri sk.

Cal cul at es bi omass esti mat es.

Prints input data and a summary of estimates. Set printer to
condensed print before using Alt-P.

Once everything is stored, one can revise the data at DAl..DA184, or
| ength ranges for age groups at F91, and rerun the program (Alt-D) at any

tine.
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APPENDI X C (cont.)

LOTUS ADDRESSES:

Spreadsheet Locati on Macr o Locati ons
Al I nstructions AAL E
A25 Data entrv form AA6 A
Fo1 Enter | enath ranaes AD6 B
Al68 Enter wei aht estinmates AG6 C
DAl Strata 1 data storaae AAl 2 V
DA62 Strata 2 data storage AAl15 D
DAl 23 Strata 3 data storage AA90 SuB
DT1 Sunmary of estimates AL1 BI C
A150 P
Al 80 F

To inport data fromlength frequency histograminto Harvard G aphics:

X Range EE9.. EE46
Y Range EF9.. EF46
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Appendix C.

Table 1.

WTE: AUBUST 19-20. 1990
LAKE: ALTURAS

SECTION: 1 of
USEABLE SURFACE AREA (HA) FOR SECTION 212
NUMBER OF TRANSECTS IN SECTION 7

Sample output from TRAWL.WKI.

TRANSECT

t

10

" MAX DEPTH (M) 28.45
RIN DEPTH (M) 9.14
NUMBER OF STEPS 3
TINE/STEP (S) 40
TIME BETWEEN STE 2
BOAT SPEED (M/S) 0.98
KET MOUTH AREA (  9.23

SIZE CLASS

30

40 1
50 5
40
10
80
90
100
110

120
130
140
150

160
170

180
190 3

200

20

220

230

240

230

%0

270

280

290

300

30

320

330

340

350

360

370

380

390

400

L IR B RV B )

23.18
9.14
4

240
U
0.98
9.25

NN ao

~4

B8 23,16 23,16
.18 .4 4
4 4 4

240 240 240
A 2 2
0.98  0.98 0.98
9.25 9.2 9.2

—
—
Cd R L o
— 0 W

23.18
9.4
4

240
)}
0.98
9.23

10
13

A~ el ~y =

.16
9.14
4

240
2
0.98
9.23

~Nw NN

-

NUMBER
SECTION IN NT. WT. OF
JOTAL SAMPLE SAMPLE

TOTAL NUMBER NUMBER

OF OF
NALES FEMALES

U B ~y

°OOOOOOOOOOQOOOOOOVO-.&O-OMOQN-al.
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Appendix C. Table 1. (cont.)

LAKE: ALTURAS

STRATA: 1 DATE: AUBUST 19-20. 1990
sasmsssssaass LENGTH FREQUENCY NUNBER TOTAL NUMBER NUMBER
TRANSECT DEPTH SANPLED DENSITY ESTIMATE (NO/HA) INWT. VT, OF OF i
S LENSTH TOTAL  SAMPLE SANPLE  MALES FENALES
AN MAL 0 1 2 3 4 TOTAL GROUP  WUMBER
1 9.4 28.85 94.3962 13,7327 220.257 78.4435 47,1981 3 2
7 9.4 231 128,171 56,9452 354.033 14.2413 28.4825 ' 0 2?
3094 2318 242,102 85,4479 555.411 85.4479 14.2413 0 b4
4 914 23.1% 128.171 113.930 156.654 14,2413 28,4825 40 20
S 9.4 2318 284.825 2B.4826 299.087 113.930 42,7239 70 2
6 9.4 23.14 356.033 14.2413 242.102 113,930 0 60 7
7904 2.1k 128.171 99.6892 113.930 85.4479 14.2413 % 40
8 0 0 0 0 0 0 0 100 40
9 0 0 0 0 0 0 0 110 5
10 0 0 0 0 0 0 0 120 28
. 130 {
RATIO ESTINATE (SUM N/SUM HA)  195.928 59.8097 278.424 72.1841 24.7488 631.095 140 2
MEAN (NO/HECTARE) 194,553 $9.7128 277.435 72.2718 25.0528 628.727 150 0
VARIANCE OF RATIO 141,39 240.631 3159.97 259.028 24,7488 5100.78 180 0
VARIANCE OF MEAN 1422.30 242,452 3089.41 252.239 40,1817 5044.59 170 1
POPULATION EST (RATIO) 41534.8 12679.6 59025.0 15303.0 524,75 133792, 180 0
POPULATION EST (MEAN) 41245.3 12553.1 $8859.0 15321.6 5311.20 133290. 190 )
200 [
210 1
LAKE: ALTURAS 220 1
STRATA: 2 DATE: AUSUST 19-20. 1990 230 0
240 0
= 250 0
TRANSECT DEPTH SAMPLED DENSITY ESTIMATE (NO/HA) 260 0
e eaas 270 0
NIN WAl 0 1 2 3 4 TOTAL 280 0
290 0
t 0 0 0 0 0 0 0 300 0
2 0 0 0 0 0 0 0 3to 0
3 0 0 0 0 0 0 0 320 0
4 0 0 0 0 0 0 0 330 0
) 0 0 0 0 0 0 0 340 0
b 0 0 0 0 0 0 0 3%0 0
7 0 0 0 0 0 0 0 340 0
8 0 0 0 0 0 0 0 I 0
9 0 0 0 0 0 0 0 380 0
10 0 0 0 0 0 0 (3 390 0
----- —— eeeem e e ) 400 0
RATIO ESTINATE (SUN N/SUM HA) 0 0 0 0 0 0
MEAN (NO/HMECTARE) 0 0 0 0 0 0
VARIANCE OF RATIO 0 0 0 0 0 0
VARTANCE OF MEAN 0 0 0 0 0 0
POPULATION EST (RATIO) 0 0 0 0 0 0
POPULATION EST (NEAN) 0 0 0 0 0 0
LAKE: ALTURAS
STRATA: 3 DATE: AUBUST 19-20. 1990
TRANSECT DEPTH SAMPLED DENSITY ESTIMATE (NO/HA)
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Appendix C. Table 1.

(cont.)

nIN NAX 0 | 2 3 4 TOTAL

1 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0

] 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0

) 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0

8 ¢ 0 0 0 0 0 0

9 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0
RATIO ESTINATE (SUN N/SUN HA) 0 0 0 0 0
NEAN (NO/HECTARE) 0 0 0 0 0
VARIANCE OF RATIO 0 0 0 0 0
VARIANCE OF MEAN 0 0 0 0 0
- POPULATION EST (RATIO) 0 0 0 0 0
POPULATION EST (MEAN) 0 0 0 0 0
TOTAL POP'N ESTIMATE (P"AN) 41245 12553  Su8S? 13322 %3l
TOTAL POP‘N ESTINATE (RATIO) 41537 12680 390286 15303  S247
VARIANCE OF POPULATION (MEAN) GE+07  1E+07  1E+0B  1E+07 1805926
VARIANCE OF POPULATION (RATIO)  SE+07  1E+07  1E+08  LE+07 1112312

ERROR BOUND (NEAN) HIEH  37235.8 19155.1 B2426.0 22035.6 7998.90
LOW 25254.8 5951.06 35292.0 8587.83 2623.51

NEAN WEIGHT (6) 0 0 0 0 0
BIOMASS BY SIIE CLASS (KG) 0 0 0 0 0
TOTAL BIOMASS FOR LAKE (KG/HR): 0
SIIE EXPANSION ASSUMING USEABLE
CLASS LON  HIGH HABITAT AS FOLLOWS:
0 30 30 SECTION NO. HECTARES
1 60 80
2 0 110 1 212
3 120 180 2 0
4 190 230 3 0
------------------- TOTAL 212

o000 OO



Appendix C. Table 1. (cont.)

ALTURAS TRAWL CATCH
LENGTH FREQUENCY 1991

NUMBER
80

30 130 230
LENGTH (MM)



APPENDI X D.

"Cookbook” for Kokanee Traw i ng.

STANDARD COOKBOCK
for Kokanee Traw ing

1. Justification Goal s-Detern ne Necessary Precision

2. Sanpling Design

Map Lake

Identify strata and safe sanpling area
Esti mate surface area
Detern ne sampling effort

and al |l ocation

3. Trawl scheduling with trawl crew

Not e hours of working darkness and determ ne nunber
appropri ate sample size

ni ghts for
housi ng,

4, Sanpl i ng
Traw i ng

Identify the |aver
Sel ect sanpling depths and hau

Sanpl e col |l ection

etc

on echo sounder

Dat a Recordi ng/ Summary/ Col | ecti on

Lenat hs,

5. Data Analysis

Identify aage aroups and | enath
Esti mate density and standi na crop
rel ati onship

Wei aht s,

| engt h- at - age

Scal es, Qoliths, Fecundity

Lenat h/ wei ght
Potential egg deposition
Descri be nodal
Correct to Septenber equival ent
lenath
Total biomass ..
Spawner

6. Summarize in Standard For mat

Bi onmass Adj ust nent

7 Interpretation

Conpare d

ensities,

bi onass, growth, with predictions

based on | ake productivity

Sur vi val

SALIMNDOC. 92

esti mates

45

of work
Make arranaenents for
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