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INTROCUCTION

Beginﬁing_in June 1981 a study was undertaken to establish a
monitoring program for deposited sediment and aquatic plants
{macrophytes) in Upper Silver Creek and its tributaries. The
purpose was to obtain quantitative baseline information on
sediment depths and the variéty and abundance of aquatiC-plgnts s0o
that in combination with comparable data cn benthic macrao—
invertebrates and fish, present conditicns and subszguent changes
in the stream ecosystem could be assessed. The study was con-
du;ted at six locations: three on Silver Creek proper and three on

its tributaries, Stalker and Grove Creeks, during June, August,

and November 1981 and May 1922.

Ees:ription.d% Study Sites

Station 1 (Uppear Stalker Cre=k, Fig. 1a), is downstream of
the Patton Drain and is a few hunared metars upstream from the
Hunting Cabin. The sampling site is on a straight reach of the
stream, which at this point flows almost parallel to the hillslope
to the socuth. Mefél stakes, driven into the ground S m ffnm the
streambank on each side and éerving as permanent markers, are 14.9
m apart. The stream channel is relatively narrow (4;9 @) and deep
(1 @) and is "U" shaped with vertical banks and a flat strezambed.
Deposited sediment, a mixture of fine sand, bits of broken mollusc
shells, and decaying plant material (organic detritus?)? covers tha
streambed, which consists of pebble—-size rocks more or less con-—

solidated in a matrix cf calcarecus gravel and fines. - Light
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Figure 1. Phatographs of sampling sites 1 to &, taken in
August, 1922i.

Site 1. Upper Stalker Cresk
Site 2. Lowsr Stalker Cresk
Site 3. Brow Creei

P . R -

Site 4. Upper Silver Creek

Site 5. Midié¥e Silver Creek

Site 6. Lowar Silver Cresk
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ing the stream is restricted by bank shading and riparian

. r

vegatation, and plant growth within the stream 1is sgarc =

i
rr

Station 2 (Lower Stalker Creek, Fig. 1b}, is 3SCG—-400 a
downstiream from the Pumpkin Road Bridge and downhill from the
corner of the Conservancy corral. The sampling sitz can be
reached either by floating dnwnstreaq from the bridge or by,
driving-tu the corral and descending the stesp brushy slope that
constitutes the riéht {south) margin of the stream. tetal stakes
are 19.9 m-apart and are 4 m from either side of thz sirsam except
when éhe water level is duwn;-then the streamwidth decreases and
the distance from the water margin to the sztal

=3,

increasas dua to

n

the sloping nature of the south bank. The stream is 11.7 m wide
and over 1 @ deep. The strezasbead is covered with ==dimant. Be-

. cause the stream is relatively wida: Ll.:;uf'!;icient l.i is available
to support the grawth of aquatic plants, which were present in
luxurious profusion in June, 1981 when the sites was established.
Staticon 3 (Grove Creek, Fig. 1lc), is about &00 m-upstream of
the confluence of Stalker and Grove Cresks. The transsct for
sanpiing is apprbximately'ls m downstream from the upper.fence
crossing the creek on the McMahan property. The concrets fence .
posts sarve as points of reférence and metal stakes weré‘not used ’
to mark the transect line. The stream is wide (256 m) and fairly
shallow {{ S0 cm). The streambed consists of pebbies, gravel, and
fines which are loocsazly consolidated in some spots but which are
cemented yy calcium carbonaté deoposits ip others. A& relatively

. high parcentage of the streambed is exposed, the remainder being

coverad by plants and/or sediment. Potamogeion, Chara, Veronica,

2
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phyt=as, the predominent aquatic plants, tend to grow in

‘ciumps which alternate with exposed streambed toc form a mosaic or

hetarcgenous pattern.
taticn 4 (Uppar Silver Creek, Fig. 1d), is locatad on Lon-—

servancy property 100 m downstream from the conflusnce of Stalker

and SGrove Creeks. Metal stakes, cdriven into the ground on either
side of the stream, are 38.7 m apart. fhe stream channel from
hank %o bank is 28.7 m wide. Althocugh the depth of tha stream
chanmnel iz only about 1 m, water sometimes stands 10 to 20 ca dezp
on the marshy banks of ths stream and the water depth within the
channel may excead 120 cm. When thisxstudy was begun in Junea
152t, the gravel substratum of the streambed was blanketed with

deccsited sediment which, in turn, was covered almost totally by a

'densa, diverse stand of aquatic macrophytes that persisted through

ﬂcvember, 1981. However, in May, 1982 sadiment had been scourad

oh

roa many areas and the stream was almost completely devoid cf-
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Station 5 (Middle Siiver Creek, Fig. i2), is about 250 m
downstream from Sullivan Slough and is identical with station 4 in
the sediment study Manuel et al. (1977). The stream is 3&6.S m
wide at thié station and the distance between stakes is 46.5 m.
Water depth generally ranges betwezen 50 and 80 cm. Usually maost
of the stream bed is overlain with fine sediment with some patches

of exposad gravel. Chara vuloaris and Potamegaton pesctinatus are

i

he predeminant aguatic plamt taxa.

tation & (Lower Silver Creek, Fig. 1), 1is about 100 m

(L

cwnstream from the confluence of Loving Craek with Silver Creek.

3




Metal posts marking the station are 31.5 m apart while the dis-~
tance betwesn streambanks is 2{.5 m. The channel is about 1 m
deap but water’depth exceads 1 @ during spring runoff when the
surruun#ing area is flooded. Sampling is especially difficult at
station & because of the combinaticon of swift current and deep
water. During the early part of this study about 207 of the
streambed was erosional and frez of deposited szdiment and the
average depth of sediment was lowsr than at sts ons 4 and S. The

plant community, modarate in abundance, is dominated by Chara.
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Field Procesdures
Stream width was measured at each sampling site, and on each
sampling date water depth, sedimant depth, and the abundance of
aquatic plants were measured at 10 points spaced approximately
: ) . .
equidiétant apart orr each of two transects.

Aguatic macrophytes and organic detrifﬁ;, together with
aquatic invertebrates were ccollected using a Hess net (SQOme
meshi) that was modified for use in water up‘to 1.5 m deep. The
net snclos=ed a 1/16 m2 area of tha séreambed, and plants, macrc—.
invertebrates, and organic detritus within the water column and in
the substrate to a depth of 8-1C cm were included in a sample.

After ccllection, sémples ware“put ' into glass jars; preserved
in 10% formalin solution, and transported to the laboratory for

processing. Four samples were collected at each station en each

of the four sampling dates for a total of 14 samples per site.

Laboratory Procedures

Sasples were removed from jars, placed on a 250 um mesh
screen, and rinsed toc remove excess fnrmalin. Maciroinvertebrates
ware saparated and removed for further processing and aquatic
plants were sorted, identified, dried at &0° C, and ashed at 450°
€ to d=termine organic weight. The remaining organic detritus was

-cambined, dfied, and ashed to determine organic weight.
Data Analysis

Macrophyte biomass was compared with respect to station and

sampling datz by ANOVA and t-test.
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RESULTS AND DISCUSSION
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Wateor Decth

Mean water depth exceedad 100 cm at 4 of the & sampling sites
in either June or August (Table 1}). If discharge wera the only
factor affecting chénges in water level, then highest levels at
each site should Dc;ur on or about the sam= date. Since they did
not, it is reasonabie to assume that other factors, such as the

sbundance of aquatic plants and, in the case of station 6, the

~h

influsnc= of the Purdy Dam may have had a significant affect on

0

water level. By-Noyember, water levels were down at all sites,
and lowest values wére recorded in ﬂa?. At that time there were
few plants at any site and discharge was probably the overriding
tactor affecting water level throughout the system.

Sediment depths at individuélgwg‘oiﬁ{s ranged from O on at
least one sampling date at all stations except Upper Stalker Creek
tc B85 ém at Lower Stalker Cireek in August. Mean depths for each

mpling ranged from 2 cm at station & in November to 36 cm at

0
)
L)

[}

tation 1 in Augﬂst‘(Table 2). For the year,‘(averaging the four
sampling dates) Stalker Creek had the highest values for sediment
depth (31 and 24 cm at stafinns 1 énd 2, raspectively) and Growva
Creek had the lowest (5 cm). Sediment depths at the Upper Silver
Creek site were intermediate between those of Stalker and Grave
Creeks, while sediment depths at stations S énd 6 were only
_slightly higher than in Grove Creek. At four cf the six sites
maximun deposits of sediment cccurred in August, and the mean
depth for the six stations was 20 cm comparsed to 14 cm on each of

the other three sampling dates.
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Table 1. Mean depth (em) of streza from the streambed to water
surtace and including sediment at stations 1 to &6 in June, August,
and November, 1981 and May 1982.

Date

Site June August Novembar May
Upper Stalker Q0 11 | 78 &0
Lower Stalker 120 g1 72 49
Grove Creek 38 23 40 39
Upper Silver 108 90 75 47
Middle Silver &1 S8 48 39
lLowsr Silver 100 108 80 74
Mean ' 8& g2 &6 52




talker Crzelk

Water levels and sediment depths at station 1 are depicted
gi-raphically in’Figure 2 which shows crnss—se;tions of the sampling
sites ip June, 1981, and in Figurea 3, which shows seasonal changes
in a section of streambed.> In May, 1981 tha water was level with
the streambank, the streambad was blanketed with loose sediment,
and the sparse aguatic Qegetaticn :onsigted mainly of a few shoots
of Potamogeton. In August sediment depths were Qirtually uﬁ—
changed from Jung but over half the streambed was now covered by a
mixed stand of Chara and Potamocoston and thes water level had in-
creasad by about 10 cm, flooding the grassy banks. By MNovember

most of the vegetation was gone and the water level, as well as

' the mean depth of éediment, had decreased slightly. The water

e e —

level and sediment depths werz even lower the following May.
However; with the new shoots of Pdtamnqeton emerging féom the
sediment, the condition of the sfream-appeared similar to that of
the previcus June.

fhe Low=r Stalker Creek site is similar to Upper Stalker in
that, compared to Grove Creek, the stream channel is relatively
narrocw and deep and is covered with deposited sediment (Fig. 4).
It differs in that the water level was highest and ahundance_o?

vegetation (predominantly Chara) was greatest in June. By August

I
1

plants as well as water level had decreased draﬁatically and sed-—
iment cdzpths averaged 35 cm, a 907 increase over Juna. In Novem-—
ber the water level was similar to the level in August but much of
the sediment had ercded. The water was very turbid and it was

impossible to sze the few shoots of aquatic plants that persisted.

9



Figure 2. Cross—sectional profiles of Stations 1 to 6
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Figure

in June, August,

o
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Cross—secticnal profile of Upper Stalker Creek
and November, 1981 and May, 1982
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UPPER STALKER CREEK

AUGUST 1981

NOVEMBER 1981
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Figure 4. Cross—sectional profile of Grove Creek in June,

Movmber, 1981 and May, 1982.
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. Tha water level was vary low in May and muddy sadiment was exposead
on both sides 6% the channel. Thea gravel gtreambed was covered
with sediment on all dates except May 1932, when about S4 was ex-—
paosad.
Brove Creek
Hater level did not vary much and values ranges from 38 to 42
cm on the four sampling dates (although greater depths cccurred
during runoff). A large pearcentage (25-3I5%) of the streambéd waé
axposad thfcughcut the vear and the mean sadiment depth exceaded S
cm only in May when{sediment built up on the west side of the
stream (Table 2). & variety of aquat"ic plants wer=z present in

mocderate abundance cn all sampline dates.

e

. ) Silver Creek
Morphological characteristics of the three sampling stations
on Silver Creek are somewhat intermediate betw=en those found in
talker and Grove Creeks. This is especially true for station 4
(Upper Stalker). Changes in the stream profile at this site are
indicated in Fig. S, which shows the south bank and a 6.5 m cross-—
sectional view of the 28.7 m wide transect.

Station 5 is the widest of the six sampling sites and, as
would bhe expected, fluctuations in discharge do na#_reéult in
large changes in water levels. Nevertheless, iheféééh-aater>depth
daclined on_éach sampling date from 61 cm in June 198i to 32 ca 1in
‘May 1982. Mean sedimen£ depth was 3 cm in June, increassd to 11
cm in August, then declined again in November and May. Some of

. the streambad was exposed cn all sampling dates; the amcunt in-
, Creased froa 15% in August and November to 40Z the following May.

13
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Figure 5. Cross~sectional profile of Up‘peé- Silver Creek in
June, Augusi, and November, 1981 and May, 198Z2.
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Table 3. Aquatic macrophytes found in Silver Creek and its
tributaries during this study. Letters under site nuamber
represent sampling dates when plant was found at that particular
site. J = Jun=, A = August, N = November and M = HMay. "Other"
indicates that the plant was not found at any cf the sampling
sites but was observed elsewhere in the stream during the study.

Sampling Site
1 2 3 4 S &

Bryophvyta
Fontinalis hvonoides A J JANM JAN JANM , A

Amblvstegium riparium JA N . JANM JAN A M A
var. fluitans

Charophata -
Chara vulaaris JANM JANM JANM JANM JANM JANM

Anthophyta
Catabrosa acuatica J

Elodeaa canadensis JANM a JAN

Hipouris wvuloaris {(other)

Lémna minor (other)

Mvriophvyllium sp. J

Potamogeton pectinatus JANM JAMNM - JANM JANM JAaNM JAONM
Ranunculus aguatilis A J Jd Jd

Rorippa pmastertium— (other)
aquaticum

Veronica anagallis— JA JA A
aguatica

Zannichellia palustris J N ’ JAa N [




Anuatic plants were abundant on the first three sampling dates and
wa2re preasent fbut sparce) in HMay.

Station & (Lower Silver Creek) differs from statiocn S in that
it is only 21.6 m wide (compared to 35.5 at station S) and is
much deepar, with mean water depths ranging from 75 cm in May to
108 cm in August. 'it is similar to Station 5 in that the %mount
of depésited sediment was relativel? small, ranging in depth from
2 cm in November to 11 ca in May. The increase in'"'May could be due
an to intlux of sediment from Loving Creek during Spring.runaﬁf.
The streambed was exposad on all sampling dates (10 — 20%).

Bcouatic Macrochvites and Organic Detritus

Silver Creek is an ideal habitat for the growth of aquatic

macrcph&tea: 1} the streambed pﬂovidegfsuitéple substrate for root

attachment, either in deposited sediment_or in sandy crevicas be-—
tween small pebbles and.rocks, 2)'the open canopyv permits suffi-—
cient light to reach the stream, and 3) the high levels of calcium
carbonate and other plant nutrients promote plant growth. Fur—
thermora, during relatively amild winters, such as 1980-81, th=s
water (emerging as springs at abocut 11 degrees C) remains several
degrees above freezing and some of the plants (particularily

Lhar3y) ovar—winter in relatively high abundances,.

Taxocnomic Richnessiof Aquatic Plant Community

In this study 13T taxa were identified either at ane of the
sampling sites or elsewhere in the stream (Table 3). Chara
vyulgaris occurred at all sampling sites and was the most abundant

[
macrophyte at all stations except Upper Stalker Creek, where

16

- . . e N o mme o e g geam



Potamon=zton pectinatus was predominant. Potamooeion cccurred at

sampling sites and was second to Chara in abundance in tha

stream as a whole. Zannichegllia palustris superficially rasembles

Fotamgozton, but the two plants can be easily separated when re-—

roductive structures are present. Seeds from both taxa and

T

vegetative propagules of Potamcgetcn were found in some of the
L

samples. However, it was not always-pcssible to separate the two
taxa. Therefore, they were cémbined fornbioﬁasf determinations
and statistical analysis.

The two aqualtic mosses, Fontinslis hvonoides and AOmblystezgium

ripsrium var. fluitans also occurred at each of tha six sampling

sites. Sometimes they grew in monospacific clumps, butbo$ten they
ware found intertwined in the sam=2 mat. o avoid the tedious jcb
of separating individual stems, thase two plants were'c;mbined for
analysis.

.Elc&ea ganadensis appeared in samples collected from Upper
Stalker Creek and from the tﬁree stations on Silvar Creczk. Ehen
present, it sometimes grew in massive stands, howevef, because of
its spbrati: occurrance, it did not compriszs a major fracticn of
the pltant community at any site.

O0f the remaining plants, VYercnica anaaallis—aquatica and

atabrosa aguatzca appeared in moderate abundance in samplies
colleched frum Brove Creek and in trace annunts from ceveral

other sites, Ranunculus aguatilis was prasent but sparce at 4

sites, and Hippuriswilgaris, Lemna minor, and Mvricohyllinm were
cbserved in the stream but not at any of the &6 sampling sites.

These plants are important not because of any puissant affect they

17
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thiave on the escosystem, but becauses their very prasznce, even in

3

limited amounts, indicates that thzir minisum recguirements for
growth are met by the conditions in the stream.
Taxonomic richness is one critarian that can be us=d in

comparing locations on Silver, Stalker, and Grove Creeks. Rich-

ness was greatest at station 4, wherz eight differant plant taxa
. . ’

ware iaentified. lext were staticnskl and- 3 with sa2ven species
2ach. Six species were found at stations 2 and &, whilz only &
wera identified at station 5. Of equal importance is the m=an
number of plant taxa found at each site. This rangad from 5.9 on
Grove Creek down to 3.25 on Upper Stélker Creeit. The order, from
highest to lowest is Station 3 > Station 4 > Staticn & = Station 4

>

4]

tation 5 > Station 2.

DR FRTS

Macrophyte Abundance

The abundance of aquatic macrophytes at each sampling =ite on
each of the fowr sampling dates in given in Table 4. Annual mean
values ranged from a low of only 26 g/m2 cirganic wt. at statian 1
to 182 g/m2 at statiocn 4. The annual mzan for Stalkaer Creek,
based on the pocolad samples from the two stations, was 42 g/m2
compared toc 80 g/m2 in Grave Crask and 119‘g/m2 for Eilver Creeﬁ

three sites pooled).

Ehara accounted for 88% of all plant biomass in Grove and

Silver Creek; and 85%Z in Stalker Creek. It was particularly

- abundant in'June 1981 on Stalker Creek and at all three sampling

u

ites on Silver Creek. By August, the levels of Chara had de~

crzasad at each of these four sites. At station 2 Chara was

2 .
reduced from 212 g/m2 in June to 23 g/m® in August. Generally,

18
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Table 4. Aquatic macrophytes and organic detritus in samples

collected at Silvgr Creek, Idaho June 1981 to May 1982.

Mean (X S.D.) g/m~ organic wt. N = 4.

a) Station 1 (Upper Stalker Creek)

I

June August Novembear May Mean
1981 1981 1981 1982
Chara <1 11(22 2(3) <1 3
Potamogeton and/or 12(12) 523 14(8) 1(1) 20
Zannichellia
Eontipalis and/or <1 <1 o o ' <«
Anblvstegium
Elodeaa 0 o <1 Q <1
Veronica 0 0 8] 0] <1
Catabrossa 0 0 o 0 o]
Other plants <1 <1 <1 <1 <1
Total plants 12¢12) 53 (30) 16(5) 1(1) 23
Crganic détritus 236(133) 117(28) 302(87) 197(66) 1990
‘Total Organic 248(144) 179(177)  317(833  108(67) 213
b) Station 2 (Lowear Stalker Creek)
June Auéust Novemnber May Mean
1981 1981 19281 1982
Chara ‘ 212(79) 23(24) 8(14) <1 b1
Potamogeton and/or <1 2¢4) <1 <1 <1
Zannichellia
Fontinalis and/or <1 0 | <1 Q. <1
Amblvstegium
Eladea 0 0 o ) o
Veronica <1 <1 o (o] <1
Catabrosa o 18] O (&) o}
ther plants {1 <1 <1 <t <0
Total plants 212(79) 25(23) 8(14)‘ <1 &2
Crganic detritus 75(66) 70(40) b7 (88) 146(136) 0
# Total organic 287(144) 95(59) 75(101) 145(13¢) 152




'@

Table 4 continu=sd

€} Station 3 Grove Creek
June Augtst November May Maan
1981 196t 1281 1982
Ehara 75{101) 93¢77) 83 (65) 22(39) 70
Potamcceten and/or <1 {1 CASYR) <1 2
Zannichellia
Fontinalis and/ocr 11 7 1 1 ' S
amblvstegium
Elodeaa 0] G 0 o 0
Veronica <1 3 0 18] b
Catabraosa S 0o -0 Q 1
Other plants <1 {1 : <1 <1 <1
Tétal plants ?1(115) 102¢81) 5 (70) 23(42) 80
Crganic detritus &7(79) 46(45) 7553 29({758) 78
Total organic | 1 1581154 153(123) i7o(121) 149(83) 158
d) Upper Silver Creek
CJune August November May Mean
1981 1381 1981 19832
Chara 285(127) 220(114) S91{49) 1(1) 144
Potamogeton and/of 11(14) 2((59) 3I5(52) <1 23
Zannichellia :
Fontinalis and/of <1 {2 <1 o <1
Amblystegium
Elodea <1 t§(38) 42{57) 1(1) 16
Veronica 0 <t 0 Q <1 
Catabrosa (o] © o 0 0o
Other plants <1 {1 <1 <1 <1
Total plants 297¢117) 304 (58) 128(102) 1(1) 182
Crganic detritus 681(34) &5(12) 88(15) ?2(87) 78
Total organic 363(105) 3&#(69) 215109 93(86; 260

L4



Table 4 continued

e) Middle Silver Creek

June Avgust Novembear May M=an
1981 17981 1961 1982
Chara 181(59) 136(98) 157 (136} (14> 121
Potamoa=ton and/or 1(2) 8{12) 8(7) 3(9) S
Fontinalis and/or <1 {1 <1 <1, <1
Amblvstegium '
Elodea 0 <1 0 o <1
Veronica o) 0 0 0 ¢
Catabrosa 0 0 0 0 0
Other plants (i <1 <1 <1 <1
Total plants 1824(71) 1£4(1G2) 165(139) 12(19) 1256
Organic detritus 135(54) 120(73) | 141(96) 102(&7) 124
Total organic 31829 2&4}162) 396(216) 114(78) 250
) Lower Silver Creek
June August November May Mean
1981 191 1981 1982
Chara 125{134) 25(23) 46(44) i¢1) S50
Patamageton and/or <1 {1 <1 <1 <1
Zannichellia
Fontinalis and/or o <1 <1 o] <1
Amblvsteaium
Elodea <1 {1 1(1) 0 <i
Veronica 0] (o] 0 o O
Catabhrosa 0 0 0 9] ¢
Other plants <1 <1 1(2) <1 <1
Total plants 126{134) 25(23) A47(44) 1{(1) 50
Organic detritus 5833 43(24) 114{(47) 92(87) 77
Total ordanic 184(151) 57(41) 180(37) F3(86) 127
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the pattern of growth ot aguatic plants in temperate waters ra-—
sults in ralatively low plant densitiss in the spriag and early
summer, focilowaed by an increase during the summsr, and {finally, a
decrease in the fall (Westlake,1965). Data razported by Francis
and Bjomn (19279} indicate that the girowith seguence of Chara in
Silver Cresk in the summer of 1977 followed this pattern. Even in

the present study, the growth of Chara at stations 1 and 3 is

fairly typical. hat factor{s) then, caused the deviation from

thi

n

szquance of plant growth in Lower Stalker Craek and Silver
Creek during the summer of 19817

The most plausable explainaticn for the high 1eve1$ of Chara
in the stream in Jume is that a large fraction of the plant bio-

mass produced the previous summer (19280) persisted through the

winter. The winter of 1980-1981 was mild and water temperatures

ware sufficiently high to prevent disback at most sampling sites,
Howaver, bank shading and the relatively low levels of water flow
at station 1 may have resulted in water témperature" at or near 0
C and caused plant death at that particular site. In other years,
low ambisnt temparatures may reduce water temperatures in the
whole stream system (with the possible exception of Grove Creek,
where water temperatur=z in the winter is several degrees higher
than in Stalker and Silver Cresk, Manuel et al. 1979) to levels
insufficient toc maintain plants.

Although the mild temperatures of the preceeding winter can
account for the high levels of Chara cbserved in June 1981, it is

necessary to seek another explainaticn for the demise of Chara in

mid-summer of the same year. One possibility is that the dense
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mats of vegestation presntad light from reaching lower parts of
the plant maszs. Charais not a vascular plant and therefore there
is minimal traﬁslocauianbf photesynthetic products from one part
of the plaht to anocthar. Lack of nutrients may result in death of
plants closa toc bottomaef the plant bed. Alsa, Chara does not have
true roots and its hold in the sediment is tenuous; a relatively
small force may be all fhat is nesdead to loosen the whole plant
bed and send it rollingdownstregd. Unfortunately, I did no£ wit—
ness this duwing the present study. The massive beds of Qﬁé;é
that I measured in Juna were alrzady gone by the time I returned
tc Silvar Creek for the August saapling. However, 1 did observe
this in Wilson Creek (s tributary of Grove Creek) in 1979. It is

consistent with ther‘qmrts of fishermen who say that the vegeta-—

tion in Silver Cresk gees in cycles, that it "builds up for awhile

and then rolls over®.

Potamogeton and Zamnichellia were pooled for analysis because

raproductive structures needed for positive identification were
not present in every saple collected. Tcgether, these plants

were sacond in abundanoe to Chara, and at Station 1 they accounted

for more than half the Zotal plant_:cmmunit#. Potamogeton in-

itiates szasonal _growth in the spring with the development of new
shoots from dormantbuds that have overwintered buriad in the
sediment. The gerﬁinaﬁkxacﬁ seeds also contributes abundance of
this plant. Plant growh is usuzally rapid with maxisum biomass
attained by mid-summer. In late summer a large propcrtion of the

stems break off and flomt downstrezaa. In contrast, Zannichellia

is typically seen in shkreass in the fall. Because of tha dif-
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ferences in the sszasonal growth patterns of these two plants, it

seemns reasonable to assume that Pctamogeton was responsible for

mcst of the plant biomass attributed to the two species in June

and August, but that most of the bicmass found in Novembar was

The aguatic mosses Fontinalis and Amblystecium were found at

each sampling site but were abundant only at station 3, whare meén
biomass decr=zaszed from 11 gm/m2 in June to <1 g/m2 in Mayf ‘

Elodea, present at four sites, was abundant only at station
4, where levels increased froam <1 g/n'f2 in May to 42 g/m2 in Nov—
embar to give an annual mean of 16 g/gz'

The abundance 6f aqdatic plants changed dramatically betwean

sampling dates at some stations, but in Grove Cresk moderate

amounts of plant biomass were pressnt at all four sampling

periods. This ceondition no doubt reduces stress on the faunal
community, and is, in turn, a reflection of more banign phvysical
conditions, such as a reduced sediment load and higher water

temperatures in the winter.

Organic Datritus

Organic detritus is the non-living remains of ocnce living
organisms. It the primany food source fﬁr many aquatic inverte-—
brates, and is, therefore, an extrémely important component pf

aquatic'eéosystems. Dead aquatic plants form the bulk of the

it

organic detritus in Silver Creek, and this material exists in
varing stages of degradation, from course, easily identified

fragments to very fine material, ancd finally to dissolved
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material. In this study dissclved organic material was not
zampled nor considered.
The amount of organic detritus varied among stations, with the

highest m=zan valus at station 1 (190 g/mz). Station 5 bad a mean

of 124 g/m2 while at thes other stations mean values ranged from 77

to 90 g/mz. The high levels of detritus at station i1 do not'‘nec—

essarily reflact high availability of food for aquatic fauna, how-
ever, sincg some of it may exist in forms that arz not readily

ceonsumad and/or metabolized.

Statistical Analysis of Aguatic Plants and Organic Detritus

The appearance of the streaébed and of the samples collectgd
suggestad that there were differences among sites in the quality
.and quantity of plants‘and detritus.. Seasonal,dif%erenées are to
be expected in plants in temperate waters and are impartant to
tﬁis study only if the expressién of seasonal differances varied
amoung the sites. Two-Way Analysis of YVariance (ANOVA) was used
to test for the mathmatical significance of differences due to
sampling site and sampling date({Table 5).

Anova indicataed that for Chara, differences could be attributed

to both sampling site and sampling date. However, since there was,

a significant interaction between thesa two factors (the effect of
one modified the effect of the other) no further statistical anal-
vsis of this plant was carried out.

For Potamogeton/Zanichellia, the effects due to site and date

wara both significant, and since the interacticn of these two fac-—
tors was not significant, differences among sampling sites wera

tested using the Studant t—test. For the four sampling datas
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Table 5. Rasults of analysis of variance (ANOVA) test of the
significoce of two factors, the sampling site and the sampling
date, and the possible intzraction of these two tactors on the
biocmass oF aquatic macrophytes and organic detritus in Silver
Creek and its tributaries, Grova and Stalker Creek. "g" values
areater tmn 0.05 are not considered to be significant.

B e B T ——— T T

Site Date Interaction

Chara p £ 0.001 p < 0.001 p = 0.001

'
Potamooetm and/or p = 0.011 p = 0.001 p = 0.190
Zannichg3lia
Total plass p < 0.001 p < 0.001 p = 0.001
Organic defritus p = 0.086 n < 0.001 B = 0.1¢5
Total orgaic p < 0.001 p = 0,002 p = 0.1QC0

{plants +detritus)




tombined, there ware no statistical difference among stations 2,
3, and &, or among stations 1, 4, and S5, but the first thres were
significantly higher than each of the last three.

The other aquatic plants were not tested individually, but
ANOVA tést of the total bjamass of agquatic plants indicated that
site and sampling date differences were both significant fadtors
in the variability of plants in the stiream and that there was
interaction between the two factors.

In contrast to the plants, organic detritus did nst vary
significantly among sampling dates. However, site differences
ware highly significant. Values were significantly higher at
station 1 than at all other stations execpt station S. tation 5,
in turn, was significanly higher than stations 3 and 6.  There

were no differences among the remaining 4 stations.

Comparison With Other Studiess on Silver Creek

Francis and Bjornn (1979) reported a mean sediment depth of
12 cm in 1977-1978 in a reach of Silver Creek beginning about 500
m downstream of station 4 of the present study and ending about
200 @ upstream from our Station 6. This area is roughly com-
parable to our stations 4 through 6. In the present study mean
_vaiqes for sediment depth for thesa three sites ranged from 14 cm
in August ta-?:cﬁ in Noveamber, for én annual méan of 10 cﬁ. Theéé
values suggest that therz has been a small ra=ducticn of sadiment
levels. Manuel et zal. {1979) measured sediments depths of 8 cm in
Naovember 1978 and ©.6 cm in May 1979 at the site of the present

station S. The more resent measurements (cm in November 1981 and
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& cm in May 1982) provide furthar evidence that there may be a net
reduction in =edimsnt levels in Silver Creek.

We have included only 13 taxa in cur list of aquatic plants
compared to 29 listed by Francis and Bjornn (1979). Their list

included filamentous algae and semi-aquatic plants such as cat—

tail and the rushes. Alsc, they recognized two species afrAmbly-—

stegiaceae (Amblyste=gium tenax and Drepanccladug fluitans). None
cf tha moss specim=ns examined in the praesent fit Flowers (1973)

descripticn of these two taxa. The only moss we found other than

Fontinalis conformed reascnably well to the Flower®s description

of Amblvstscium riparium var., fluitans. Since Francis and Rjornn
|

did not menticn Zannichellizs it is assumed that its distinction

from Potamog=ton was overlooked and that the two taxa were

‘combined for analysis.
As in the present study, Francis and Bjornn reportad that

Chara was the most abundant agquatic plant. They found that in

august, Chara, wheres presenty had a bicmass of 3.2 l:g/m2 dry wt.
{equivalent to approximately 1 kg organic wt.) Multiplying by the
percéntage o{ streambed coverad (354) gives a mean biomass of 1.135
kg/m2 dry wt. or about 340 g/m2 organic wt. This is somewhat
nigher than the maximum values (285 g/m2) we found at staticn 4 ia
the summer of 1981. The differences can bé attribﬁtéd to

differences in sampling techniques and or normal variaticn in

plant densities.
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SUMMARY AND COMCLUSIONS

Channal and water depths were grezatest at stations 1, 2, 4,
and &. These staticns alsc showed the greatest fluctuation in
water levels. Values for mean sadiment depth wa=ra highast in
Stalker Creek (28 cm), with Silver Creek next (10 cm). Grove Creek
had a mean sediment depth of only 5‘cm. A relatively large aﬁount
of streambed was &dxposed in Grove Creek and thez middle SiIVEg
Creel site and thez amcount of exposed streambsd at the upper and
lower Silver Cresk sites was intefmediate between these and
Stalker Creesk.

Thare is some evidence that sediment levels have been reducsad
in Silver Cresk duri$g the past few years, howasver, the'potential
for sediment accural will continus so long as a large reservoir of
loose sadiment exists in Stalker Creek.

Chara was the predbmiﬂant aguatic plant at a11 sampling sites
except Upper Stalker Creek, where it was second to Fotamogeton in
abundance. These plants are frequently found growing together in
slcgwflcwing, calcarecus streams (Manuel-Faler 1981) if loose

sediment is available anchoring. Potamogston davelicpes long rocts

and underground stems that penetrate the sadiment; Chara dces not’

v form true roots, but the 1ower parts of the plant serve as

holdfasts. Francis and Bjornn (1979) noted that'Chara provides a
good habitat for invertebrates since it does noct grow well in

girraval they concluced £hat a certain amount of silt was necessary
in Silver Creek. We agree with their observaticns but differ with

the implication that Chara and therefore sediment is good for

-
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Silver Cresk. Chara is not =zaten by most invertabrates, in fact
it is 5elected'against (Baevskaya 19287, Koslucher and Minshall
1973). The physical shelter provided by Chara cculd be providad
by other, mocre palatable plants, if the conditions in the stream
promoted their growih (Gregg 1981). Furthermore, noct cnly does
Chara grow in sediment and tirap sediment, it may actually ipcrease
that tétal volume of sediment in the stream through the bioloagical

precipitation of calcium carbanate.

Potamogston is very tolerant of certain types of water

pollution (Westlake, 1931) and where it is the only plant present
there is reason to suspect that conditions erist that prevent the
growth of cother plants. Fortunately, that is not the current
situaticon at most sites on Silver Creek. Lower Loving Creek is an
excepiicn. Although this site was fot included in the lpresent
study, when we were collecting samples during thz sadiment study
in 1978-1%9797 (Manuel et al. 1979) we found a massive monospacific
stand of Poctamogeton that extended from the confluence with Silver
Creek upstream to the Conservancy bridge. This rezach of stream
was heavily blanketed with sediment, which provided ideal rooting
substrate fcr Potamogefon,'but is unsuitable for many other
aquatic plants.

At thié pocint it appears that the aquatic plant coamunity is
"healthiest"lin Erove Creek, where sediment levéls are ilow and
plant diversity is highest. The accumulation of deposited
sediment in Stalker Creek inhibits the growth of somz2 aguatic

[

plants such as mosses and Ranunculus and sarves as a scurce of

sadiment for Silver Creek. It appears that Silver Creek would
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bensfit from any action taken (s

construction of sediment traps)

sadiment entering Stalker Creek.

uch zas - :bank stabi

that would rsduce

31

lization and the

the amgunt of



LITERATURE CITED

iowers, 8. 1973. losses: Utah and the West. Brigham Young
University Press. S&7 p.

n

Frazncis, L.J. and T7.C. Bjornn. 1979. Aguatic rescurces in the
MNature Conservancy portion of Silver Creek. Forest, Wildlife
arnd Range Experiment Station Technical Report 2. University
of ldahoc, Moscow, Idsho. 84 p.

Sregg, W. W. 1981. Aquatic macrophytes as a factor affecting the
microdistribution of benthic stream invertebrates. M.S.
thesis. Idaho State University- 162 p.

Keslucher, D.C and G.W. Minshall. 1973. Food habiis of some
benthic invertebrates in a northern cocl-—dezert stream {(Deep
Creak. Curlew Valler, Idaho-Utah). Trans, Amer. Hicros. Soc.
F2:441-452 '

Manuel, C.Y., Griffith, J.S., and G.W. Minshall. 1979. The
Socurces and causes of sedimentation in Silver Creek, Blaine
Co., Idaho. Report to The Nature Conserwvancy. O&7p.

Manuel-Faler, C.Y. 1981 Production and fate of aguatic
macrophytes in Deep Creek, Idaho. Ph D Dissertattion. idaho
State University. 157 p. 3

Westlake, D.F. 1941. Aguatic macrophytes and the oxygen balance
of running watar. Verh. Internat. Verein. Limnol. 14:14%99-3504.

Westlake, D.F. 1965. Some basic data for investigations of the
productivity of aguatic macrohytes. Mem. Ist. Ital. ldrobiol.
18:229-248.



ENTEIC INTERTZERATES OF UPPER SILVER CREEX, IDAHO

MY

END TS TPIBUTARIES STALZER AND GROVE CREEKS

by
G. %Wayne Minshall and C. Yvonne Manuel-Faler
Department of Biolegy

Idaho State University
Pocatello, Idaho 83209

pssiig




INTRODUCTION

zezinning in June 1981 a study was under
esta?liszh =z

zonitoring program for btenthic magcrcinverts-

crates {pcsential trout food organisms) in Upper Iilver
Creex azd its tributaries. The purscse was tc otrain Juan-
titativs tzse line information or invertebraite stznding .
sTocxs =0 =n22t, in combination witl comparable Zaza on

was intended that zn assessment
Invertebrate abundance te made at key
with en svzluation of the Silver Creek systex's

trout and ctrer

to provide Invertebrate food for

Tne stuly wzas conducted at six locations, three oxn Silver

. DroDeY

and three on its tributaries:
Grove Crezess, during June, August, zand

May 1%ez.

Stalker and

Tre study sites were those previously described

on pages 1 - &,
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METHODS

Field Frocedures

Aquatic invertebrates, iogether with macrcphytes
and organic aatr:tus, were collected using a Hess net
(35C um mesh) tkha®t was modified for use in water un to 1.5 m
deep. The net enclosed a 1/16 mg area of the sTrzambed,
and organisms witnin the water coiumn and in the substrate
to 2 depth of 8 to 10 cm were ircluded in a sample.

After ccilection, samples were put inic g_ass jars,
preserved in 0% Formalin solution, and transported to the
laboratory for processing.

Pour szmpyies were collected at each siavicn on each
of the Four sertling dates for 2 total of G& sazvles.

laboratory Proczdures

Samples were removed froﬁ-jars; placed on a 250 um
mesh screen, andé rinsed to remove excess formalin. Agquatic
macrophytes and crganic detritus were separated and removed
for further processing and the Invertebrates were sorted,
identified to the lowest taxanomic level feasible, and
counted,

Data Analyses

Invertebréte data were analyzed with respect to
sampling date and.sampling station on the basis of indi-~
vidual taxa as well as functional groups. Analysis was
facilitated by ire use of the SF33 computer rrogrems for

analysis of variznce (ANOVA) and student t-test.
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REZVLTS AND DISCUSSILH

Taxonomic Richnes

7]

A total ¢ 63 taxa were recognized during this
study (Tabies i-4). Of these, four (Cicadellidae, Hydra-
carina, Lepidopterz, and Unknown Diptera) represented a '
mix of speciés, none of which were-common, and which could
not be or did not;warrant assignment to a functional-feeding
group. These ccnstituted the "Other" category and did not
exceed 1% of tae jotal abundance at any station. Conse-
quently thev wereinot considered further, Of the remzining
59 taxa, no more than half (and freguently less) were found
at any given stztion on any particuiar date (Table 5).
Grove Creek almost zalways supportad the nighest number of
taxa although it was exceeded by one in taxonomic richness
by the adjacent ("upper") Silver Creek station in November.
The two Stalker Creek stations generally supported a2 low
variety of taxa and Ifrequently were the lowest in rickness.
However, in August the third highest number of taxa were
collected from Upper Stalker Creek and on two occasionrs
(June, August) the lower main Silver Creek station matiched
the Stalker Creek sites for low richness. Generally there
was a difference of between 5 to 11 taxa between the sta-
tion having highest richness and that having the lowest
values, althougnh in May the difference was 17, The Ucper
Silver Creek sva2tion usually supporied the second highest
number of faxa indicating the positive influence of Grove

Creek. However, values declined downstiream and the lowest
]
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richness values for the main Silver Creek stations usually
occurred at the most downstream locatidn (station 6).
dumerical Abundance

Mean totz> zbundance for the four collecting dates
ranged from abcut 3200 to 14,200 individuals per square
zeter (Table 5). The two Stalker Creek stations had the
lowest mean annuzl abundance and Grove Creek the highest.
ean annual abundance at the upper and middle Silver Creek
stations was closer to that of Grove Creek but the lower
Silver Creek value wzs intermediate between the values for
these three stations and the Stalker Creek sites reflecting
adverse conditions caused by the inflow from Loving Creek.

The nine mos®t commonly occurring taxa in this study
are listed in Table 6. They acccunted for 90% or greater
of the mean numbers ¢i organisms collected during the year
at all stations except Grove Creek and upper Silver Creek

where they made up 83 and 83% of the total abundance, res-~

ey

ectively.

Analysis of variance (ANOVA) indicated significant
differences in abundance among stations for 24 taxa inclu-
ding 8 of the 9 most abundant ones (Table 7). Comparison
of results betweeﬂ stations for the nine most a2bundant taxa
by means of a t-test indicated that most of the significant
differences were tetween abundances at stations 1 and 2 and
those of each of ihe remaining sites (Table 8). The number
of taxa showing significant differences from sites other
than stations 1 and 2 was =4 regardless of whether the

stations were immediately adjacent or not. DNone of the
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taxa examined apre2zred to show consistent significant dif-
ferences between s*ations over the four collection periods.
3iotic Diversity
The nurerical dominance of a few taxa among all
of those représe::ed at a site also is evident from an
examination of tr.e 3hannon-Wiener diversity (H’) values
(Teble 5). In no case did H  exceed 2. H’ values between
1 and 2, as fecund in this study for Upper Silver Creek
and its tributaries, generally are found in relatively
homogeneous aguatic environments and frequently are asso-
ciated with enricned or intermediately polluted conditions.
Lowest diversity values for any given date generally were
found at the upper Stalker Creex station, Highest values
occurred on two cccasions at the ugper 3ilver Creek station
and twice at the lower Silver Creek station.,
Seasonal Differerces in Richness, Abundance, and Diversity
Benthic invertebrate community structure varied
considerably amorz seasons (Tables 1-5). This is confirmed
by ANCVA (Teble 7) which showed significant differences
in abundance among seasons for 16 taxa including six of the
nine most aburdart., In general, greatest total abundance
occurred in June 1981 and least in May 1982 (Table 5).
Richness also gensrally was least in May and highest in

either August (stations 1,2) or November (stations 4,6)

although Grove Cr2zk and middle Silver Creek supported slight-

ly more taxa in June than in either of those two months,

The top four and seventh most abundant taxa generally fol- .

s



Table 7. Results of ANOVA between Season anc Locatlon 1or
65 taxa of benthic invertebrates from Silver Creek,
TIdaho 198%-1982 (p<«0.05). An asterix indicates
that the taxon is amongz the nine most abundant.

A. Significant Differences Among Seasons Cnly

Cera{:opogonidae
Hemiptera

B. Significant Differences Among Staiions Cniy

*Plumenicola

Brachycentrus : ‘
Empididae ‘
‘Ephemerella grandis

Hydracarina

Qecetis

*Tubificidae

Optioservus

Ostracoda

Simulium

C. Significant Differences Among Seasons and 3tations

*¥Baetis

*Chironomidae
Cinygmula

Dicranota

Enallagma
*Ephemerella inermis
*Gammarus lamstris .
*Helicopsych=s borealis
¥Hirudinea

Hyallela

Hydroptiia
Paraleptophlebia
Rhyacophila
Tricorythodes



In contrast,.uay o882 was preceeded by & cold winter with
heavy snow pack zn< subsequent high runoff (mezr Zischarge
for Januery-way 1232 = 5.31 (¥ 0.89 SD) m°/S). Tre latter
conditions aprear wc¢ have adversely affected tzz tenthic

flora and fauna resulting in reduced standing =rsrs and rich-

ness, TheseAresu;ts illustrate the need to evz_uzte condi-
tions over a seriss of years (e.g., 5~10) in crier to es-
tablish the full —ange of responses to be exgectec under
normal variations in natural conditions. Only <hen can the
less obvious cnanzes in stream conditions resulzing from
management efforts or pollution be recognized witil confidence,
Functional Feedingz Group Relationshivcs

The functlonal feeding group compositicn (Tummins
1973; dMerrity aﬁd Cummins 1978) of the benthi:z irnvartebrate
community at each of the 5ilver Creek samplinz stztions is
summarized in TatZe 9. In general, collectorz =sredominated
at all stations I:llowed by scrapers, then shreiiers,and then
predators. Howevar, at station 2 in June and s=ation 3 in
August scrapers were more abundant than collectors. At
station 2 in August shredders exceeded both collectors and
scrapers in abundance and in November shredders were more
abundant than scrapers. Also, at stations 1 &né 3 in June;
5 in July; énd 2,5 and 6 in May predators wers slightly
more numerous than shredders.

Among the collectors, the sediment mirers constitu-

ted the main subgroup (Table 9) and generally acccunted for

30 to 50% of the total abundance. However, trhe aroarent
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Table 9. Functional feeding group compositiorn {(as percents of total
abundance) of the benthic invertebtrate community in Silve

Creek.
.June 1681
— 3Jcrapers
collectors
Gatherers
itiners
Filterers
Shredders
Fredators
August 1981
Scrapers
Jollectors
Gatherers
Finers
Filterers

Shredders

Fredators

. Vovember 1981

sScrapers
{ollectors
Gatherers
Miners
Filiterers
Shredders
Pregdators
May %982
Scrapers

Collectors
Gatherers
¥Miners
Pilterers

Shredders

¥redators

1

1
(34)
1

82
11

1

P

11
(84)
5

52
27

13

(73)

0
47
26

11

(95)
5

45
45

2

46
(29)
5

20
4

21
3

(40)
0
32

48

(68)
0

55
13

18

23
(66)
12
39
15

2

3

22

(735

26
40
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predominance of the miners is offset somewhat by their
small size and in terms of biomass they frequently were ex-
ceeded in importarce by the filterers and/or gatnerers (as
well as by the grazers) (e.g., Table 10). Excev: for station
2 in August, the shredders and predators never accounted
‘for a large proportion of the total abundance at zny station
(coﬁmonly 15 and 10%, respactiveiy). The overall function-
a2l feeding group'éomposition of the benthic invertebrate
community appears to be dominated by the depositional na-
ture of the stream bottom and the rich stands of aquatic
macrophytes.
Comparison with Previous Studies of Silver Creek

During 1677, Francis and Bjornn (197¢) conducted
an inventory of the aguatic resources of the X2iure Conser-
vancy portion of Silver Creek which included gquantitative
sampling of the benthic invertebrates. They collected one
sample each from gravel and aquatic vegetation ir April and
every tnree weeks from May 25 to November 7 using a Eess
sampler with a 1.0-mm mesh net. The results of the two stud-
ies are not strictly comparable because of differences in
mesh and sample size and the fact that Francis and Bjormn's
samples were stratified by habitat and ours were not. 1In
addition, interpretation is complicated by the fact that
the location along the stream of the 1977 samples was not
identified and may not have been standardized.

The results for the three months which coincided

in the two studies are given in Table 11, Ve attempted to

50



Table 10, Estimated mean biomass (g AFDM/mZ) of the nine most abundant
taxa in Siiver 7Treek and total biomass in terms of Ytoth ash-

.___ Scrapers

Eaetis

Flumenicola

Lelicopsyche GTorezlis
Gatherer

Ephemerella inernis
iiners

Chironomidae

Tubificidae

Fisidium
Shredder
. - Cammarus lacusiris

=~ FPredator

Erpcbdella/Helobdella

Total  gAFDM/m2
gWW/mZ
1b WW/acre

1

0.36
0.38
0.00

0.01

0.17
0.04

' 0.21

2.96
5.85
34

2.26
1.15
0.09

0.14
0.04

0.22

18.4C

1.02

23,39

30.41
271

free dry mazss (AFD4) and wet weight (Ww).
2

3

10.2¢
0.05
0.11

1.30

1.37
0.C4

2.02
19.89
25.806

231

4

‘\\N
[¢)

Q
W

5
0.
0

»
-
I~

5

0.30

17.58

3.91
27.00
35.10
313

6

1.02
1-4‘2
0.19

0.33

0.92
0.03

0.31
10.12

2.32
16.67

21.67
193
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DLLIVEr Ul'eEK SLailon (D) 0L LOg preseiny SLUuy wiiie wvnose louna
in samples of vegetation within the Nature Conservancy boundaries
in 1977 by ¥Francis and Bjornn (1979).

phemercoptera

Raetis
Ephemerella

Farzleptciebia
Tricorythodes

Cdonatz

Euallagma/Ischnura

Ophiogomphus

Flecoptera

LAcroneurisa

Isogenus/Iscperla

Nemsura

Trichortera

brachycentirus

Helicopsyche
Hydroptils
Hydropsyche
Oecetis

Protoptila/Eydroptila

Rhyacophila
Traiaenodes

Coleoptera
Optioservus/Heterlimnius

Diptera

Chironomidae
Chelifera
Clinocera
Euparypus
Hemerodromia
Simulium

Non-insects

Ampnivpoda
Hirudinez
Gastrovpoda
Cligochaeta
Felecyrpoda

aa Lotal
.LO

1977
June
11,870

1022
10, 462
140
247

140

10
108
22

624

140
161
11

237
54
22

1710
1710
5914

5161
172
215
15
10

- 247

6968
473
215

720
5559

21,237

1681
3848

1136
2640
68

4

4
4

1372

156
884
60
68
144
oC

14,444
14,444

6316

3056
312
132
2816
788

28,044

1977

Aug
5183
1054
3108
473
548

11

11
108

108

366

129
43
22
11
75

856

2387
23817
7108

6011
45
86
22
22
828

3129
237

161

473
2226

18,247
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1548
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1977 1981
November
5968 412
2097 384

333%% 28

538

806

763 ¢

43

452

291

161

7452 1188

495 128

2419 408

153 36

1194 288

1624 292

54 36

807

108

7699

7699

46,204 1952

43,075 1936

806 4

1731

591 12

14,430 5278

1086 1740

226 468

2720 138

8882 2932
360

83,011 9,244



overcome some of the differences n sampling design by util-
izing the 1977 results for vegez=z<i:zn oﬁly and by assuming
that the samples were collected s--ewnere between our upper
and lower Silver Creek sites (z= cur station 5). (Ten of the
twelve samples collected during znis period in 1981 from.
station 5 contained substantial zzounts of plant material),

Total abundances from the fwo sfudies were similar
for Jun2 but were nearly two to tT2n times 1ower‘in August
and Hovember 1981 than reportad Z>r 1977. 1In the present
study, notably fewer Ephemeroptsrz, Plecoptera, Diptera
(excent in June), Gastropoda, and {ligochaeta (except in
August) and substantially more Trichoptera (except November),
Ltmphipoda, and Hirudinea were Icund than in 1977. In addi-
tion, no Flecorvtera were collec=zi “rom station 5 in 1981
(although they were found elsswrzzze in Silver Creek ) and no
‘fingernail clams (Pisidium, Pelecytoda) were obtained in
18977. The total abundance of 83,217 recorded in November
1977 is higher than found anywhsrs n the Siiver Creek sys-
tem during 1981-1982 (maximum 66,332 at station 3 in June).
The differences could not be testsd for statistical signifi-
cance because of the small samp’e size per date (N=1) in
1977.
Standing Cropé of Potential Trout Zoods

Numerical standing crcts :Z benthic invertebrates
(Table 6) at stations 3, 4 and 5 =7 3ilver Creek are among
the highest recorded for the Rocoky lMNountain region (Platts

et al 1982) and rpossibly for the wcrld (see Hynes 1970)
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while those of stations 1, 2 ard 5 would “211 in the cate-

g

gory of “"avarage" to "good". iosit of the total abundance

1=y,

of invertetrates (80-95%) is concentrated amonz only a few

ol
iV

m

Xe, mest of wnich are highly regarded as food for trout

U'Tl

on

(e.g., midges (Chironomidae), worms (Tubificidae), shrimp
(Amzhipoda), mayflies (Ephemeroptera especially Ezetis and

Zphemerelliz inermis) and leeches (Eirudinea)) which are

Tunctionally adjusted to the thysical and orgaric resources'
(especially 2 largely depositional substratum and exiensive
macrophyte development) of the 3ilver Creex system. However,
whetaer or not these.foods are actualilly avzilabie to and
being utilized by the trout was not azscertained as a part of

This study. ZFrancis and Bjornn (127¢) exemined 2 lirited

|.|
b

runber of rainbow trout (57) and whitefis:h (¢) siszachs

' N
N

<!

and found that Ephemroptera accounted for most of the fishes!
food most of the time. Although, on occasion, Trichoptera,
Diptera, or terrestrial insects were more abundart. 3But
thelr efforts to determine wnether the fish were actively
selecting certain invertebrate food organisms or simply
feeding in proportion to their abundance were hampered by
their sampling design.

lMean biomasses represented by the invertebrate abun-
dances were estimated from mean weights of the most abun-
dant forms using data (G.W. Minshall and D.A. Bruns unpub-
lished) from the Sig Wood River (Table 10). When viewed in
the context ol biomass, the lower 3izalker Creek station (2)

appears to be more productive than indicated by the criterion
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of abundance ané ranked second only to. the miidle Silver
Creek locaticn. UpperStalker Creek supported sutstantially
lower standing crops of invertebrates (ca. 1Cxz) ihan the
other stations. Zxcept for stations 1 and 5 zz2 Dicmass
values are higher than obtained by Needham (1223) for the
average annual standing crop of riffles in waidell Creek, )
California (126 ibs w.w./acre) but less than that recorded
by Surber (1936) for riffles in Big Spring Creex, Virginia
(485 and 643 1bs w.w./acre) or Keedham (12038) in zguatic

plant beds (e.g., Fotamogeton 307-566, Chara 3353 1bs w.w./

acre) or the Xlamath River (5000 lbs w.w./acrz).

Thus it appears that Silver Creek is much less pro-
ductive in terms of weight of benthic invertedraias than
might be expected from other published resulis. =Zowever,
until actual rates of invertebrate productivizy and/or drift
and utilization are ascertained it cannot be determined whe-
ther food production in Silver Creek is in fact limiting
to the trout porulations. It could be that trhe Lzwer than
expected standing crops are indicative of rapicd turnover
and high utilization by trout or it could‘be 2 result of

disturbance of the stream bottom and trampling of the plant

beds by fishermen.
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COU2LUZI0LS AND REuONVFhDATIOb

Of =
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six locations investigated durinz =xis study,

Greve Trees wou.? Te rated "best" and upper Stalwer Creek’
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would be consiierszi "worst" in terms of habitat fcr ard
. L
production of ternzhic invertebrates. Within Silvar Creek

proper, our resul=s show a progressive degradation of con-

ditions over tns ~rnree locations examined. In particular,

the entrance 27 Z:oving Creek just 2bove the lower 3ilver
Creek site is zssorcizted with a marked decline in taxcnomic
richness, 3otal zTundance, and Shannon-Veiner divsrsity

in the main strez=, Nine taxa accounted for 83-¢it ol the

mean numbers ¢ crgznisms colleczted, This deominznca of the

community by z faw taxa, coupled with exceptionalliy aigh

>

numerical standinzg crops, are in keeping with the relatively
homogeneous habitzt, depositional substratum, and extensive

macrovhyte develczw

4]

nt associated with Silver Cre=2k. These
conditions, ir ccncert with the large, dependable volume of
clear, cold, nutrient rich water probably have besn largely
responsible for the productivity of Silver Creek 2s a trout
stream. However, ceviation of the benthic community away
from conditioms Zound at Grove Creek and in streams outside
of the Silver Trz=X watershed is indicative of éa:ying de-
grees of imvaizncz (pollution) within the drainage basin
and suggests = mz or reason for a rossible decline in the

siream's votential carrying capacity. 1In particuiar, the

standing crop ticzass values of the benthic invertebrates
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suggests a reduced capacity of Zilver Jreek to sustain levels
of producticn exvected from cemtzrizon with other streams

of & comzzrztle nature., The resul-zs of this study also in-
dicate 2 nzzi for continued monit:o:ring of biotic (macro-
phytes, invsrtebrates, fish) ani =nvironmental coenditions

on a long term basis. This inforzziion is needed to estab-
lish the Tull range of responses :6 e expected under natural
conditions (some of the extent 57 waich have been illustra-’
ted oy the rresent study) as well zs %o provide a standard
against walicn to evaluate various management efforts and
susrected cases of pollution. I» zoneral, it aprears that
late summer~azutumn would be most IZzvorable for the collec-
tion on anruz2l monitoring samglies znd that the time of col-
lection shculd be standardized <z .tz 2s near the same date

each year zs possible.
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FISH POPULATIONS CF UPPER SILVZR CREEK, IDAED

by
J. S. Griffith
Department of Biolezy

Icaho State University
Pocatello, Idaho 83209



- Jctober of 1981 the fis% population of The Nature

“~raney portion of Silver Crzex was sampled to assess

1%3 stzTus and especially evzluzte changes that may have '
sceurrsd since the implementz<isn of’catch—and-release

rezulztions in 1977. Since the sizz and depth of the stream

r=ceszltaces elaborate efforts -2 cuantitatively estimate
£izh gtundance, we instead collacted trout from throughout

=r stream system to evzluate growth, condition and
~nosk s2zrring. These data could then be compared with
-hose zathered in 1976-77 to dstermine if changes have occurred.

DESCRIPTION OF STUSY SITES

S=ven study sections on upter Silver Creek (Fig. 1)

wera utilized to gather fish porulztion data. These were:

1. Stalker Creek - the 50 m portion of Stalker Creek
immediately above its confluence ‘with Grove Creek.

2. Confluence - the 50 @ portion of Silver Creek
immediately below its origin at the confluence of
Grove and Stalker Cresk.

Ly

. Terens - from lower =rd of island below McMahan
nouse to Teren foottridge.

e

. wood bridge - 120 m gor<icn of Silver Creek
immediately above thz woodasn bridge located between

—~

Terens and mouth of 3ullivan Slough.
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Visitor Center -~ frcx:

(al

2uth ¢f Sullivan Slough to
head of island approxizz<ssz_y U400 m downstream.
2 Loving Creek - from Z!17 oridge downstream to
confluence with Silver Zreeli.

b |

Xilpatrick ~ from mout® of Loving Creek downstream
to Kilpatrick bridge.

PRLEANT
METECDE

L

W2 collected fish by electrofishing on 17-19 October
1281 using an aluminum drift btozi and 2500-watt generator.
2 longhandled anode also functicned as a dipnet and the boat
wzs usef as the cathode. A single rass was made downstream
throuéﬁ gach section except irn _2virng Creek whevre thes boat
was moved upstream. Water temperszture ranged from 4.9 to
10.0lC during Sampling. Fish were zesasured (total length)
znd weizhzd and scale samples wsre taken from rainbow trout.
Scales were examined on a sczale projector at a2 magnification
¢f 42X and lengths at each annulus were back-calculated
from the body-scale relationship. Scale samples used by
Thurow (1978) were also obtaineé ané a sample was examined
to establish that scale-reading tecnniques were similar

tetvween years.
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4~ total of 287 rainbow trou: ‘3almo gairdneri) were

collected (Table 1), A total ¢ 3% brook trout (Salvelinus

fontinalis) were also taken. tztal of 19 mountain .

whitz{ish. (Prosopium williamsonil) waere collected in the Terens,
Wood tridze, Visitor Center and #ilpatrick sections. A '
few sculpin, suckers and dace wz2rz observed but not collected.
It appears that there has besn a shift in species
composition since 1976, with an increase in brook trout,
assuming that all species wers =2¢uzlly vulnerable to sampling
during both collection periods. Trhurow (197f) found that
broox trout comprized 2% of all zzm= fish taken in eleétro-
fishing in Silver Creek above Kilpatrick bridge in spring,
summe>», and fall of 1976. He alss found more whitefish

(39% o

]

all game fish) than wers zcllected in 1981, but
this probably reflects an abundancze of young-of-the-year
fish in spring and summer.

In all sections except Kilpairick, we generzally appeared
to representatively sample the size range of fish present,
although it is probable that a few of the largest fish in
the deeper portions of the Conflusnce and Visitor Center
sections, where large trout wers 2¢ncentrated, evaded capture.

In the Kilpatrick section, e-ectrofishing was not

effective due to water depth. Ir November 1981, three
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guirped with wet sui<s and snorkels flzzwec that
sgetisn, Underwzter visibility was inadequats T¢ periit an
zacurz=2 count of zll1 fish, but numerous (morz ihzn a dozen)
»z2intaw trout larzar than 1.5 kz were observed.

Size of mountain whitefish caﬁtured in 1981 ranged
freom 112-430 mm, with most 200-300 mm. Brook trcit were
z=n=rzlly smaller than rainbows, with 10 fish smell=r than
200 mn, 16 between 200 and 300 nm, and 8 longer than 300 mm.

zrzest brook trout capturez was 347 mm. No 2rook or

l-j

aintow trout were of hatchery origin. The larzest rainbow

'3

sut handled was H?l mm in lenzth and weighed 11325

F

21 znificznt ncok scars, ncrmelly damags $¢ the mzxillary

cr pramaxillary of the upper jaw, were observed in 107 of

ne rainbow and €% of the brook trout collectzd (Tasle 1).
In a2dsdition, two fish had flies imbedded in taeir jaws and
cne ©ish was blind in one eye, possibly from hcox damage.

A regression of scale radius against lenzth of fish at
capture (Fig. 2) gave a linear dody-scale relationsaip of

ngth = 5.06 x scale radius + 30.72 (r¢ = 0.84). This

the endﬁof each growing season.

Trnese calculated lengths showed excellent growth (Table

2., especially fcr the first tws years. Averazgs %Zczal length
ol Tish at the eni of the first growing season wzz 2132 mm,
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rainbow trout

for upper Silver Creek
in October 1981.
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Table 2. Back-calculated lengths of rainbow trout collected in

upper Silver Creek, 17-18 October 1981.

‘calculated length at end of growing season

(Benson et al. 1959)

" age at capture nuaber 1 2 3 4 5

1 8 142.2

I1 125 132.0 261.7

I1I 51 131.3 26C.8 338.7

v 24 132.4 258.6 339.5 391.6

\' 6 137.1 221.5 294.9 351.5 417.32
weighted mean 214 132.40 259.95 © 335.6%  385.60 417.32
Thurow, 1976-77 77 111.99 207 .67 279.68  348.99 -
IFG 1952 11 132.1 274.3 386.1 477.5 548.6
Firehole River 198 135 234 328 396 -



comparecd with T35tz length values of 96 and 127 mm found by

Thurow {1872, Zor Tish collected in 1S7€ ani .3277, respectively.

'y

~

This first-x= zrowth calculated from 1281 fisn *s identical

m
3

to that to thzz of a small sample of fish taken by Xdaho
Fish and Gams In 1952 (as cited in‘Thurow 1¢7¢, Tzble 2).
Seconcé-yezr zrowth was extremely rapid, with trout
nearly doublinzs their length during this pericd. Size at the
end.of the secondé year for fish collected in 1981 was 260 mm,
52 mm longer than the average for 1976-77 fisr. This size
advantage of 1281 fish over 1975-77 trout continued for fish
of ages 3 and -, but did not match growth of 1232 trout.
iengths zzok-calculated from 1981 da2tz iriieczt=2 growth
faster than thzt recorded for most stream-dwelling rainbow
trout. For 21 populations listed by Carlander (1$69), the

average calzul

v

t22 lengths at the ends of the first four
growing seasons were 99, 196, 232 and 353 mm. The only
comparavle growth from other studies was for the naturally-
heated waters of the Firehole River in Yellowstone National
Park (Benson 2% al. 1959, Table 2).

The inerease in fish size in the past several years
appears to follow a trend possibly begun in 1877. Thurow's
data for wild raindbow show an increase from 1576 to 1977 of

2, 24 and 17 == 2t the ends of the first, seccnd and third

i

growing sezsons, respectively. This may reflect, among other
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possible explanations, a change in regulations from generszl
season to catch-and~-release. Angling may be expectited to
crop the fastest-growing, moét'aggressive members of each
vulnerable age-group. If angling mortality were eliminat§d
or drastically reduced, the_averagé size of fish in each of
these age-groups would be expected to increase. |

If the observed change has occurred for this reason,
the increase in average size of fish at the end of their
first year is an anomaly, since that age-group is notl
significantly affected by angling. In ]977, less than 10%
of the fish caught (and released) in upper Silver Creek were
150-200 mm and almost no fish smaller than 150 mm entereld
the catch.

Assuming that growth is density-dependent, increased
growth of underyearlings (or of any age-group) would be
expected if numbers were reduced by factors such as preaztion.
However, there has been no apparent increase in avian predation,
and none of the fish species found in the study sections
are substantlially piscivorous.

An increase in food supply would be an alternate cause
for the changes observed, but there 1s no evidence that this
has occurred (p. 53, this report).

Average weights for rainbow trout were calculzted from

the length-weight relationship, log weight 3.17 log length
- 5.43 (r® = 0.98). Calculated weights at ages 2, 3, %4 and 5
were 170, 383, 595 and 765 gm, respectively. No weight data
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were collected in 1976-77. Summary data from Zzrlzndésr (1969)
suggests that these values for ages 2 and 2 £x»= _izhtzr than
average and those for ages U4 and 5 are averzz=, w-=n 2ompared
with 30-40 other populations. .

The average coefficient of condition (weight/lengthB)
for rainbow trout in 1981 showed no change fro:m tnz: reported
for 1976 (Table 3). Coefficients of conditica Zn 1281 were
nearly identical for each size category.

Rainbow trout with hook scars did not exnidi- =2 Zecrease
in condition from the average. Coefficients of c¢osndizion for
seven hook-scarred trout 200-299 mm and for rirz “ish 300-380
mm were 1.0790 and 1.1%98, respectively, highsr *-zn =he

average values for all fish of those sizes ccl-=2%=23 n 1981.
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Table 3. Average coefficient of condition, K, (K = EEEEEE3 X 105)

length

of rainbow trout from upper Silver Creek in 1976 (Thurow

1978) and 1981.

October 1981

October-N:. ember 1976

size category, avg. avg.

mm length no. K length wno. K
200-299 252.8 88 1.003 250.9 15 0.992
300-380 335.1 54 1.0156 332.7 13 1.009
>380 412.2 34 1.0650 396.3 4 1.010




. CONCLUSIONS AND RECO:TZIATIONS

The zrowth of rainbow trout in upper Silver Creek is excellent, ‘
especially during the initial two years. Tais is in vart a function
of good growing conditions during the spring and fall of the year.

Is the fcod supply presently limiting ths production of trout? It is
possible to only speculate at this time, since little information

is availadble on the direct relationship bHetwiesn Silver Creeir trout

and their sources of food. The predorminance of smzller invertebrates,
especially Chironomidae, :m the benthes should faver thz growth of
smaller fish. Trout stomachs examined from July - Noverhar by Francis
and Bjornn (1979) did not indicate this, zs Fish smaller then 250 mm
had essentially the same diet as larger fish, Ida»o Fish and Gare file
data summarized by Pettit provides stomach content data for trout

(fish lenzth not recorded) collected Ifrom April 1975 through March 1977.
Mayflies, mostly Baetis, comprized 64-33% of diet during surmer periods.
In winter and spring, however, Chifonomidae rade up 68-70% of the
nurbers oI items eaten.

The incidence of hook scarring is similar or less than that found
for other vopulations of trout gubject tc Intensive catich-and-release
fisheries. At thes present ievei’of angling effort it is uniikely
that angler-caused rortality is having =z significant nezative impact

on trout growth or survival,
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A scheduls shoulé be established for veriodic population estimation
in the upper portion o Silver Creek. This will be an elaborate effort,
ideally utilizinz rore than one boat and generator and block nets to
isolate each streanm section., At the same time, data on growth and
incidence of nhooX scarring should be gathersd. This procsdure should

be systematically repeated at intervals of about five years.

72



9

266

{L26) ooo‘ {(001)

(66)

¢
001

%
1e30]

Y
(6Lp) .“MG:\C ¥291  (9G¥)

{LtoL)
262

ﬁmw
ov{19¢1L
9Lte (192)

o

(LoL)

vVF_.Mvv_

vollL
2le

<

~

— NN NN

-
—\
0O [NalRe) Bun st Mt

-~
~—\0
(AN
MY —

(12

(Ly
(06

(8)

)

)
)

-~

08
st

<

(¥v9

(8

|

)

(eL)

) epdnaaosqurt ewuysoay
s1qudpoooo sniyduofoTud(
ERLV O HENE

eI34d 1WA

SN 0U0I2 I

sJI09ep?e

snqueyy]
o131 toud mluodoxadsay
v depprdug
exraooocaadsay
gsapadoaoe eitydoorAyy
elaadosT
ST19230
vudeTTeud
depTuododojera)
BITopqOT/RIT1aPqoday
szogepaxd

Syl

9
1 Oueit {buet)

{ mvw
Gzl

cl

(6}

(6)

(80%1)

8

(1) t
(ki)
(19%)

(¢2

)

Lc

91

(8vLe) volLe

(8

[maadl

c.2) 0zl (08) 19

)

L %
18303

etndT]
B3I2UTO eaueFLaud
SNo3 oWS0O0UQ
231148 eInowsy
aepTIiTydoumwy]
xeiAydogodsay
avpr | rydauwrg
caat ey
anTdTTRi
¢ ouptprydouuye
rosqze eratred]]
SLgEndRT snaguuen
sJIappaayy

¥ . L

.

2]
25

9

(tal)

299

L <k

¥e

(a02

)

b
1A%

(912

)

%
1e30]

(ot1) 9i¢ (1¢8)

{(41.4)

(£¢)
(894)

237 mm:

91
vy (oL
yae (P69

pel}

961
B8.L

ﬁcnﬂ
(o¢
(ovL

b
O

¢
2344

i
9Lg
1)

M:
03

(G
(202

)
W

._a
b

2]
gy

s

Pl
N

)

¢. unTIdRYdS
unNTINRWTS
oAt ot i £14
IEARRR IO R £ B NI
SnuUBOTJIaWE 5NJIQU3DAYDBIY
W TPI8Td

8I2J99TTd

o/

2st
0ct

Ly

9¢

6¢.

Nt

fa¥d

il



(oL98)828% L (65221) ProBz (6¥8¢)svshlL (1veB2) sovke (002s) vzs6 (0002) 02he 1830] PpuBIy

0 0 0 0 0 0 o
(vaL) 2L (9L) 3l (GL) A (¢£2) 91 0 0 I3Y1.0

9 9 9 9 < 4 _ %
(64v) vvi{ai¥L)  v29L  (96b) 266  (L26) 000L (Q0L) tite

{(66) 001 1830y

, epdnaasqur euysay
§1quapoooo snduoFoTydQ
$034Apoaay

(6) 8 (8) v exa3dTwa
SN3 0UOIO T(T
SI07Bpd
(8) 14 snjuTyy
(u 17 eoT131oud eraedoaadsaiy
(e 9l (w) b (8 1 N oeptprdug
(8 v (¥9 34 exraovoiadsay
Moe 2] 1.2 A sapadogoe elrydooelyy
o¢ 02 (¢62 881 eraadosT
{(1o1) biri MWVF 1744 (91 8 ST19290
(91¢) 2s2  (8) b (662) 9¢¢ (Ly) 08 (8) 14 cudeiTeud

(av}  ov{i9¢1) b9l (8¢) 82 (9L0L) ¥2s o aepTUpdodojeIay

R T e



(eszt) Nm‘.?m_:

oPy (£962) 2L6L  (¢L2) 2L4 .m& ¥p2  (SL9) 89

AT TTe
T3 &% ce v 6¢ S¥ *
mrmMJ‘Wmmbﬁoecm, gay Hm,n, zect  (6629) _0ove (Pra) zea (hAOg) vob . ®104,
W¢hmfu 8001 {6L22) 96¥e Nmoow_ 219 hmmrrw ¥80lL Mvﬂmw 264 MNFNW 00¢ 2BpTOTITANG
Jeigl) vve(oset) 2661 (L6€) ove (9vig) oL¢v (1oz) ove (0L} VOL TPTWOUOITY]
SIJUTH
LZ Ll 22 8¢ cl 4 %
(666) yraL (Lhz) 20zl (9z01) v96  (eghe) oRGy  (102) ¥eZ () 9t Te100
. ruogaopjdon
() i aTuan)
(¥) ¢ A: e (1) 9 grLeauopono mnuoryd ig
(V) ¥ (V) o sy oqida gy
v derpgngg
(3) 4 ) Srpuzaid el oJdawoydy
(8) 14 (82) ve  (Gt) 2L EngNUTE SOPOGALIOD 1LY,
(+3) 1% (8) ¥ mnommmso
(25t 9L (8) 1 (9¢ gl 42 ¢ sniydLfxedng
(v z (% z (6 S sngeInoeWIApeNb Ssnaxdsoradp
ST1TASP ergaiydosdateaed
(ovg) oviLL (£Lz) 96LL (820L) 956 (zi6¢) B82Sy (&8l) 8OZ (6) 8 STWIaUT el9Iawaydy
SJI9I9YL B
gl 91 ¢l - 6 ¢e Z %
(698) 260y (G62) 2oL (8¥¥) 8LS (91¢) 26l (4906} 29¥ (6) 8 Te3og
eITYILXQ
sTuydeatand
(r) 2 (1) 2 {21) 9 STTEeuapToso ananuotyd(s
(V) y (v) o srmroqdoatn
{+2) v pnud Au )
(1) b ravuil)
., BLEY U0, |
Ammﬁw oL (8) v A@w 81 (¥) 2 (8) 4 R mm::mMmanma
2 . : Ja8 X
(v ¢ N 3 I Shisaokias
(11 ¥ sniaeafn
eshiy|
¢Gk)y 89 (¥Z) A% M.vw 44 ‘ ¢.g1ooTUAUM
Gt A VS B o B S B L A L . pUTooIURmLd
{s8 26 MNNN 00% M0¢r 00l (82 9¢  (08) 91t S§TTe310q aY0oASdODdT8H
(a8¢) ove {£6¢ 2lo (vgg) v8e  (gos) 265 (cie), 8ee % snyepuedTay/snaced STideq
Sng g X as ¢ X ds 4 X as ¢ X s . X a X 5 15dB.10G
+2861 AelW utr qaodous
Sryg UT paqriogap s9318 Apngs o8Ja) IBALTE XIS 9Y] woay pd3osllod se dnoad Twuoraounj
Ao podumausu (_u/*sou) aduepunge 93BU(DFIIAUT OTUIULQ JO UOTREBTAID pagpuels pue {x) oy boo1qed

TPTSTd




(8) ¥
) b e (61} 2
(¢ 1 Acﬁw £4 (1 tf
(Ou) 51 (o9 D] Mnu Y4, {4y ¢e (ue) by
(8 4 e ¢l Mm 14
nmw v {99) 96 (8 1 8 14
(049) wzv (102) 80¢ (g1 9L (SL1)  vzL (L2) 09 (G1) zy
. 4 e 2 b 2 P
(OL2)  w0¢  (L9) oL (£9) 9y (09¢)  oz¥ (OL) or  (¢2) al
{91) 8
(9t) 8
(133 2%
(Losy  bae (19) bOL (t9) uyp (L) 2t (va) 49 (¢.¢) 91
O { 94 9 91 G
{oze1) wagy (vee) b9 (9¢62) 8002 (9211)  9¢8  (851) 892 (GLa)  gbe
(2) ¥ ﬁww v .
(¢e) 91 (82) ot Mﬁm 2l (8) ¥ (8¢) e
(84G8) 09¥ o) o2 ﬁ@omw 029
Mmmrv 091 (0L oy
(8¢21L) 2601 (z8l) ofy (€962) 2L6L (¢Le) 2Ly (9¢1) +vve (sL9) 8¥s
.V
(7L0S) wm%mﬁoevﬂw‘ guyy  (916) 26aL  (66¢9) oOovq (v/g) 2¢n  (60C) ¢DM
(vLcL) goov(6Lzz) 96v2 - (€99) 219 (26LL) ¥80F (1¥6) 268 (2L2) OO
(2 ,mww vvmmmmwrv 2661 Mhmmw ovo Am¢rmw 9LLY Mwomv ove Morrw Yol

w.mouoﬂq
1038paIg
snjueyy
eoTIt1oed BIxsdoaadsoy
aepTPTduy
extJonoxadsay
sopadorov eyruydooriyl
cwgaaowﬁ
3ER9090)
ﬁEmeHmna
srprurndodogeia)n
1HHuvnoq\1HHmvnonu
sIo0qepad

x
(REL YR

erndrg

TaIsuto wourfAayd
snosowsosoug
BOTLIR BINOWON

| seprrTydauuwyy
xeTlydoaadssy

¢ seprirydeumt]
RICAR BIBT

snidT e

S oupr T rdaumy
Codqun via il

& _.;m._.uzu._..ﬁ snawunmnen
saappo.ay

L)
"

Te3od

wn txseyds

UM TTAWTS

ayoAsdoap Ay

TPpOOBIL SO

stuuedTIdWR snIjusofyorayg

mipiIsTtd
SI9I89TT

%
8300
SEPTOTITAN]
sEpTWOUdITYUN
SIQUTR



(Fonb) VeLo(e61e)  unow (OVLz) sieq (av1h 1) 96¢eyL  (66Y) ¢l6L (2601) 800y 100, puvdan

. o 0 0 L 0 0 %
(21) 8o (461) ¢l (0) 0 (av) 26 {82) v (2) b 20440

] 0 L ¢ L 3 2 %
(299) 248 (997) 9¢ ¢ (99) 89 (122)  8g| (0G) 24y (qL)  zy Te30]

erdizgaquT suysay
(91) 8 ST3u8pso00 snydwoForydg
se1hpoaap
eaagdyway
SN} 0UCIOdT(
SJogjepsad

sniueyy

: BO0TITOoRd elasdoaadsay

(8) 4 aepTpTduy

BXTJI0n0asdsay

(aL) - 2l sopadororv uyrudooelyy

Y (G) 9] vraadosy

bl Mnu e, (ab e (¢.¢) b : 8T30038(Q

ve ¢l Mm /2N vwdeTTeyl

94 (8 14 8 ¥ sepruniodojelan
L

80¢ {(¢1) 9 (GL1) 1A (Le 09 (61) 2t B119pqoT/vTtapqoday
_ _ saocqepaa

—

(1) S
ﬁcow CaL (9
(8 ¥
Amw 12
(069) web (

—

— Wz
oo

-
— —

OO
NAD

) G < a G c | A
(LLi) mof (L9)  vor  (19)  wh  (09¢)  ozb  (os) oy (¢2) 9y L3040
eTndry
CaI8UTO wouedhayg

fa1) < TP A AT ANATTA




T TS Y 5} TT 157 | %
(0261) mﬁ%@& gogt (16LG) v2elL (6vve) 896¢ ?’5 2661 (es862) 80L¢ ,Eoe

,ﬁ¢m¢w zel{91e2) 262 MmommV 089¢ MNCmru gyl (6ecL) 889l (£162) 9L9¢ - aTPTOTITANE
(66L1) 9¢02(68¢1)  9¢61 (L19¢) vvse (segoe) o029z (6LL) V92 (aig) eev amvﬂso:onﬂmm
s It
\ . :

L L Z ¢l 0 0 %
(ev)  vs  (6£) o (g¢) vel (gum) gegr (ouy 2L (St} ¢l Tel0L
vuogasoptdaT
: sTUsR)
(at) 0¢ : (8) 9 ﬁwmw Y1 sTTequap1000 snanuoTydIs
(9L) 8 () ¥ (¥ 9 (8) 14 sTwia3de 10
eTydeatqng
_ . sTpuead eiiragawaydsy
(51) 21 (9¢) 26 {(6) g SnANUTW S8pOoYrAIOOTI],
(94) 8 sdos£xy)
() Z (32) ye snydAzedas
(v) () 8 (&) ¥ (6 8 - (6) % snjenorwTapenh snaaasoradQ
Mmmw 91 (a1 g ST1ITqoD wiqa(idosdateaed
(6) 3 (9b) 132 e YoL (8161 oL . gruantour Ut oIawaydy

gIdIa N

Le L 6 L2 g ¢l %
(pozt) 8.8t (¥QL) 286 (¢vg) sig (Jgar) geve (Lo¢) 80¢  (O¥g) P29 T30l
(8) 14 eITY3AXO
_ eTydearqng
(&) 0¢ Mww 9 Awww ra) STTE3UePTO00 snanuoTydts
(9¢) 8 S v (¥ 9 (8) ¥ sTwtayda1)d
eTnuSAUT)
(9t) 8 (v2) e earuwAT
(a¥) 72 ‘ SN9UBWOI]
(. 2 (12 be (6) a9 snud Laednyf
(1 Y MF_ %3 (6) 1 (6 £ q ¥ snqenoirapunt SRALIE0 1A
qu, wot o (Le 94, th 9 (646 899 0 b (LL) 021 vlT4doapAy
e QoL 91 B3¢ 13 b snineadn
(6 W Mx 7 (8 v (8) ¥ (g2 vz v Y
ALMMM mmm momﬁ mmw (Lz) 9 (uLL) 96 (vog) uyb ﬂucﬁooﬁ:wazﬁa
oLl) w2z (Gey) 807 noow 123 ﬁmcmw 26¢. Ammw o¥ s11eor0oq ayoAsdooTTal
66¢) 092 (vet) $g¢  (gLy) 029  (4a16) 2lzi (ove) 9Ll snaepned tag /snaud sy39Ey
a4 ¥ o X as , X s o X as o, X as X% i saadea

*1861 Joqudaon utr sxodog
STY3 Ul pP3qTIOSSpP S237TS Apnjs »¥asI) ISATIS XIS dYj wWOII PBJOSTTO0 8B dnoad TrBUOT4OUNT
£q paluvaae ANE\.monu aoUBpUNQE 84L.IGO1JOAUT OTI{3UdQ JO UOTYBTASD PIEpUBLS pue (%) ueay ¢ at1qel

- . . . . " 1 -
. e
R Y



(96) 08
@ v O8N o
8 /2
. ﬁmmv 9L
‘ 91 O¢
MS: 9¢e QQW 262 Mﬂ& gol ¢Z 26 (99)y &t
LeL) 8vL (L2 82 mwm qmw wm wm (8zt) 9
mw . &
(00z2) 68% (666) 89 (€91) 941 (929 914 (v6)y g (¢¢)  9¢
bt Gi 7 [ gl Ll
(b)Y 9o (Lent) 2oLl (o) 99l (9al)  vee th$g beq  (66SY b2l
| (2¢) 9L
(8) ¥
(8) 4 (91) 8
(8) v
() ¥o(sL) 2l (8¥) 12 (2¢) 9l
(20) 91 (9¢) ve (8) 12 (8) 4
(59} 26 (06%) 2¢. ﬁovw 0e
(o¥9) oL {6GuL)  BOLL  (645) 00V ($a1)  ¢re (9466) VYos  (g8¢) 00b
b 6 Gl - . oL 4 92
(var)  vh9 (304) 884 (696} 0991 (066 2L6  (eve) ovb  (88L) 26V}
ﬁmrw AN MPNPW vev {9¥) 96 :
(LL} g (¥¥S gz (vev) 9¢¢ (L9) 1A% (82) ve
(qlvi) <Y Mm»p 109
MmaFW getL (86) &6 04¢ vze ﬁmw ¥ AN¢W 1A’
(bst) 094 (994 ()9¢, ﬁmcrv BYL (G4 g8 (L1L¢g 2ot (6vg) vevl
e | %) ot 5% Ly
(0z61) 89L2(9v9¢) 898% (16LS) veel (6vve) 896¢ (¢061) 2564 (2862) 8OL¢-
_ ) p : ¢ Loe
ver)  zel(otce) 2962 (609¢) 0898 (z0sL) 8Vl (§est) w89t (£162) 9
‘Ammﬁfw 9¢02{G68%L) 9¢61 Mpfmmw 12415 Mm@omv 0z9z (6LL) Vv9z (4qi2) eev
) 1 2 ¢y . o , . ©

ik e +r- .FE.(‘um
G0 O O 1(]
5 Pmﬁm.Ha

snjueyy
eotrioed erxsdoxadssyf
aep TpTdut]
gxTJL000aadssy
gopodoaow eTrydedelny
eTIadosy

§114909(0

euSeTTeUl
srptuedodojeas)
uTepqo/e11opqoday

S I0YRPIS

nf
2l

Tu3.0,

grndy),

BOLOUTO mourvdAayd
SNOdoWS0o0UQ
BOT3IE BINCWSY

| eepITrIydauuTy
xeTLydogsdssy

¢ seprrTYdauwTy
vIBAC BIR]

sntd ey

2 ovpriiydsuwrg
B892 U VT TTIEAY
HTIFSN0R] snIeawen
SI2ppaay

o/

M
1830(

wntaaeyds
wnTTnuwrs
oo Asdoapil
CposeRILS(
sSnuUedT.Lau Snaqjuddfydeay
untpIs T
SJI9I83 1T,
. %
1810l
arproTITan

QTP TUIOUOITYD
I

%

anA o~y



(Foe) 0l (R6.649) bheu (eetl)uetht (06a9) 91kt (ubGe) urbe (652€) onLg
{) 0 0 3 | 0 0
i y Y 0OeL Q 0
Ll L L Y G . ¢
{Lo2Y  2LL (Vo) gl (9vg)  gey {0V9) 969 {612) 2Lz (zzt) o0zl
(9t) 2]
(8) 4
(96) 08
Amw ¥
(8) 14 (ve 02
(¢¢) 91
(Ov) 0¢
(BL1L) 9¢2 (veg) 26e  (abe) eoL cz) ¢¢ (69} 8t
(LeL) 8vL (L2) 12 thmw 9t mmw 82 (82L) ¥9
(8 1% 2¢ 9,
(002) 98¢ (64649) 89%  (€91) 961 (929) 914 (V6) 8 (¢¢) 9¢
vl at P’ 4 9l m
o) ooo(Ley) g9l (Qok) 9qb {921} 9¢.e hwbmv e (LLEY  P2)
(2e) 9
(8) 14

LLE O, puan

1,
%

I9Y3 0

%
Teaon

eqdnaasjut puysey
sTquapsoso sunydwodotydp

vo1ApoaxQ

2a94d TWa[]

SN oUoIO 1(
sxojepaad

snaueyy

eoTIToRd eTIxadoasdsay

aep TP Tduy
ext.oooxadssy

sopodoase vTrtydooviyyl

elasdosy
ST1803(0
eufeTTewl
sepIiuedodoqeaadn

vliTepqorl /el Tdpqodas)

S A0 BPIIL

%

wyol,

rindyy,

BIABUTO wdUvIAIYA

SNo2 cwWs 0o oUQ

Py T R S IR R



Wel) fimmmv oty (<8y) 808 (8G1) 8 (¥9¢) 09y (961) 962 uMIPISTd

vy 2¢ . @ 2 __Q.wwﬁ:

LS .

(¢69z) gz.¥(faG2) Q96¢ (BGRe) 088y (62L1) 2461 (4881) ¥hcz (€022) Z191 Tej o
(vLL) ooammmqvw o¥Ge Mommw v Mnﬂmw 26 (8G91) 0961 Amwwmw STRA oTpTOTITANS,
(1662) 82ec(LaeL 02l (869) 96¢¢ L9g) 8¥¥L  (6vz) ¥8¢  (£g) 96¢ 9BPTWOUCITYD
e - ) SJISUTH

z S zT 3 5 z g

(662) 96¢ (¢Li) 26t ($901) 96¢e  (180L)  8¥%6 (8) 9 (9¢1) 821 12303
(8) Y swojsoptdaT

sTuaen

sTTRAUABPTOO0 snanuoTydIs

(¥) I (¢e) 91 (g) v sruregdoTn

(1) g crydertang

hﬂw 14 _ sTpuead wpozowaydy

(Leg) o2e (6UlL) 801 (¥2) 4! (0L¢ 262 (2v) 26 SNQNUTW Sopoy]AL00Tag
{8) 1% sdos£ayp

(¥) Z (G) 1 snydAxedng

() 12 (9¥) 82 ‘ snyeTnorwiapenb sna1eso1qdg

(29) 94 (606) ¥9 Ames_w vzez  (0i1G) 806 (¢2L) 2L STTTaop vrgoTydogdoguaet
(L) 91. (19¢ 9G4t (Lot) b SIudouy T Teauwdyds
0T R

¢l Gt L 2% ) ¢ bl : s

19¢  9¢9(16ci)  yoLL (6662) 809¢ (0942} 8g8¢t  (16)Y ¢91  (916) 89¢ 2305
2ITY3LX0

(v) Z etydeatqng

STTE3USPTO0C snxnuoTYdATsS

(¥) 2 (¢2) 9l (8) s sTwrta1ds D

eTnwdAUT)

{(8) 1% (8) ¥ eaeuwlT

SN 3UdUWOL]

(V) (5 v anyd £aedng

wa 4 M¢¢ 3¢ snjuinovuIpend snaLesoTdQ

i v Amw v 0.C 91 (te)  ve (02) o2 w1 radoap Al

(¢ 9l pnTanIAn

(1) v at a9¢. e Ay

{ { ]
mmwv aer (1) b (es) o 1) er g¢d  oe  (02) @2 ¢luteotusunta
¢LZ) 96¢ Mmfow t9s n¢¢w ovL Ammmw 81 9l ov Aww 1 STTEBAJ0q oYoASsdooTIay
(66) ooL (8tu g3l (01L62) 8ere (0i192) 82iv e el (69Y) 80V gnjepneotay /snaand mﬁpmmm
(e X (1o X - s X o X as X q X | saeaead
9 - § - V- ¢ - c } *1e61 gsaidny ur

ja0dsa ©T4q UT Paqiadsdap 63316 Apngs 39ad) JBATTS XTS Y} wWoxy pa3oda[rodo se dnoad Truorjouny
Lq pedueaae ﬁms\.mo:v JOUBPUNQT 34 TLIQIFISAUT OTYJUdQq JO UOTIBTASD PIBPURES pue (X) uwvay 2 2T14ael



gT3u8pas00 snydwodoTyudQ

{(ve) Al Kpoa a0
exo1d Tway
(8) ¥ SN 0UOID IT
SI03erod
suiuByUY
. eo1y1oed eixodoxadsdal
(8) 4 . seprprTdudd
‘ (8) P extaogoxadsai]
L) P sopodouadu n1rydooeiyy
vraadost
{y6) OV Acnrw ehl Mocr gbe (3) b ACGW 2% 5149000
(eLz) s8YY Mmm 9, (0L2) 895 (6Lg) v8e (8) ¥ cufeTeud
g1) 2L (8 ¥ (¥2) A sepTuedodojeas(
(¢31) 00¢ (828) es2l (8aL) O%e (LL6)  09s (Log) soe  (eg) 9l e11opqoOT/E1ToPqodId
SI09BPOI¢
¢l Sh vl L Y 4 e
(i) 9gh{niur) w9l  (9RY) 98LL (cive) 899 (LLze) ogge  (99) €9 1404
wnd 1y,
poasuto vourdAayl
sNosouWsooouUQ
(8) ¥ , BOTQJIB BIANOUWAYN
(6) 8 (8) ¥ (gL) 9L ( aepTTTUdeudt]
(8) ¥ xeTAiydoaadsay
(99) sz (¢£2) 9l ¢ sepTTIUdoUUTT
LIeAR BIC]
(£2) 9t (aL) 2t (a1) 2t (8) 1% sntdITen
() ¥y 2 arpr L rydaumty
(0%) a5 :.CW b h:W b (coL) bis ?.ww b vangze wo el
(cr2)  969(30kL 09slL  (98Y) JdLLy (uee) 096 (bees) Bybe (19 9§ & 14 5N0RT snlewwuen
L whmvﬁcﬁgm
. Ol i i 8 Lo _ %
(991) 80z (8ub) g (L¥9) 2622  (9¢z) @por (elg) 2Gb (¢6) 26¢ Te10)
(8) 4 wntxaeyds
Mwmmv 8ecl Mmpmv ov¢ (29) 9¢ hmrw 8 wnTTOWIS
womv 26 mmww 96 Nm¢W 2¢e (8) v (g¢) 82 (8 14 ayoAsdoapLH
{oL) g (8 ¥ (680L) 96L 20s) 96 epooBIASO
(6¢) 2% Mwwmw 261 Mrmew 9i 1 N¢mw ge ﬁww v (vy8) 08 snued TAoWe SNnI3uddAYIRIg
(ver) 911 (22ze oty (¢86) 808 861 yg (v9g) o09¥ (9G6L) 962 unTpIsTd
‘ : 8I9a991¥T¢
LS LA rA4 02 2¢ 24 %
(c697) az1y(¢acz)  Q96C (RARL) 088y  (62L4) 2161 (1891) ¥¥eg (¢oze) 219l 110N
(WL oommmm¢ew ovae Monmw a1 memw $26 (8G9L) 096L Amﬁrmw 9Lel apTOTITANG
{(1662) 822%(1421 ozl (869) 96¢¢ rou)  sbvy  (6¥e) vee o (g€ 96¢% 9epTuouoITUd

gIoUTH

. xe Lor ..v....)v\..,e\,y;.
= .




(9veC) v959(8609)  +286 (12££)8019L (¥409) 08¢6 (V86¢) v¥el (€60¢) 9192
9 | 0 0 ) 0 . )
(vey <t {(6) 8 (16) 08 (66) 9/, (3) 12 (6) 8
g 91 ) 4 6 !
(cye)  at (216) el {(1¢9) ¥901L (969) 08¢ (809) 9¢) (L9) _oF
(ve) 21
(8) ¥
8 b4
. ) (8) 14
A8) 4

(<) ov (071 eul 991 gve (3) 7 (oY 2%

(6Lz) 8YL Mmmw 9l Mowmw 894 (bi¢) ¥8¢ (8) ¥
19, 2l nww 14 (vg) 2l = i

(a1} 00¢ (828) Gzl (8G1L) o¥e (LLG) 095 (LO2) 80% (2¢) 91

Te30] PURI)

%
T30

of
Qq

/
1810y

BAANITOJUT quYSIV
8TaUapado0o snydwodoTyudp
$983Apoaa(Q

vasqdtwsy

SN40uUOIOT(q

sI103epa.

SN3UBYY

eo1yTord mTIodoxsdsaj]
sep7pTdud
exTaoo0gadss]
gsopadouor ntrydoosehyy
vriadosy

£174908()

cude1Teull
sepTurfodogeasy
e11opqoT/e119pq0dad
sxo1epd.



uuy, (A TAN UVe V9", 80w aL asndny
9L2 2L¢ 9z G 961 09 aunp @Purna
cLdy b9 A LG 312 2 _ X
26 00¢% 001 94 gLl : fel
322 80V 123} 26, ov T2QUIA O
96¢ v98 oV 14 ov ¥ 3snduy STTBaI0q
oLiL 88 ¢20b g6V 9L9 v sunp 910 Asd0odTT3H
¢Ls L0 V18 oL 19¢ L6S X
2601 ovy 2Lol 2hi P¥2 8¥¢S Key
09¢ 09¢ 491 1212 26¢ et nmpsmwoz
9L ovd 803 122] 09V 962 asndny
82 88. 3¥4 2L 8vs 0ozZlL aunp UMTPTSTd
899 0L6 ¢L0L 1662 QL1 Lt X
ovLL 9611 966 8241 80¢ FE Key
3 32 Y01 Ob et I2Q D A OY
91 961 cL 1sndny STWIDUT
bcal ov9e 9104 poak FACY 9¢ aunp @1 1o Tewaydsy
02 173 LS 0%, 9y9 2018 b
0ve 2.9 bieg 264 9ce Aey
092 8¢ 029 ARA 9¢ | I3q WS AOY
00l 838L gzve 2T AN A 80% jsndny
89t 9cLtL 9¢82 $9LG 8022 g aunp styeed
G626 LO9L 2¢6 azZh 2891 LEL X
92 0oL v AN, 2¢ g1 Ley
006 830L1L 00V 212 12614 0ot I3qUA AON
959 0961 glLl 096 88YE 95 psndny STI3S008]
088t 960¢ 2061 916 YoLe 2s aunp snIBWWEDH
LG6 9692 GLBL L821 AZA} L b.S
3001 9612 219 801 206G 00¢ Ay
JAYA 662 0H9% ghel YL 998 - AD( WD AOK
Q06 ovae a 174 0961 aLzl qsndny
ByeL L 9182 el 26Le g¢lL 0841 aunp ouPTIOLFTQNY
LLOS grol VARAY 1LGY GG LGS X
Vi 2061 O¥6 9Ls ove Ol . Auy
9¢02 9¢6 1L Hag 029¢ 792 A% d9qUWIAOYN
822¢% rAd) 964.¢ gvL 3¢ 96¢%. 1sndny
0019 ¢¢¢.vm @how 0¢mm 2¢6 962l sunp SRPTWOUCIATYD
9 o [ 1

e rquool Apnis 9431 ju punojy LXUT| juepunqge Sul dUTU AUyt FO Joq8w axenhs aod sasqumpy ) s19®l



U0 ¢ g 08 8 Y6
9elh vil o 326 O L1Geal 9104 ¢ 00%.
Ll Panll (4 Gy 4314 Lt

084 bl Vs Al YOl 14
gLl eel 9% 96 y9v
9¢ L 1A 21 cl VA 8¢
09 801 02 v seelL 8
87¢ 4314 GYL co¢ 251 L
Y% 0% a1 bt 09 2
3uE 89V 941 914 b3 9¢.
00%. 2G2lL ove 09¢ 80% 91
glLe 2L¢ vae FA R 9q|L 09
cLl L9 1194 Luc 343 e

26 00¢ 0l 94 9Ll

32¢ 80V 8 268, ol

96¢ 98 oran Vi o ¥
9LLi 2t ¢eol 26V 9L9 v
€19 LOS ¥ L$3 yZe]) 1 9¢ L6S
260l oV ZLol 2iL V72 8VS
09¢ 09¢ 391 Y ALY VA

X

Ao

JO U AON
asndny
aunp

X

Acly
JOQUWI AU
rsndny
aunp

X

fvin

EL DY TN
asndny
aunp

X

Key
I3QUIB A QK

L0203 putdy JO 9

TROYgnG X pueasy

BOUTPNIATH

STTRaI0q
91{0AsdoOTIOH



Aum-— . 3 33 ] 0z L QD .
(299¥) 882l(s82bl) 092LL (0692) 00L9 (sGeki) 2c0el  (£66) 8991 (£08L) 9.82 T®39%
(696) 83L1L(88GL)  9i82 ﬁwmpvw velL  (8ciz) 2612 (2¢L) 9¢i (¢e26i) 08SL 2ePTOTITANT
(986¢) 00L9(0668) +t¥¥ylL (0602) 9L6V (o¥stiL) o¥86 (S¥2) 2¢6 (cebhi) 9621 SEPTWOURITUD
sIau”

Zl 2t 6L 92 g L %
(gevt) Qogl (2L2) Q9le (¢lee) olde (ovuey 903y (zav) @bG  (9¥) 09 1e3 0y
(6) ¥ umoq.s0pTdoT
nruony
gTTRIUOpTON0 snanuoTyd 1o
(v) 2 (4) b sTwadaty
: virydeatgng
. (8) T grpuexd eirexswaydy
(8) 14 (8) ¥ (6) 8 SNANUTW S3POYLATOOTIY,
(s8¢) Pe sdos£ayp
(6) 8 Aoﬁw 8¢ A¢NW os. snydLaedndg
(v oL (Vv 08 snpeTaoewTaApEND SnagasoeT4dQ
(9¢) 82 M@NFV 89 ﬁpmow 88Y Aoqmw 08! .Aamw 8Y - 8T1Tqep erqaTydojdaTexed
(osvi) vest (Lv1) obv9Z (6i8L) 9Log (Gsge) PYosyh (vov) 26¥v  (2¥) 9¢ sTwisuT efrezswaydy
SI3a9Y)1

2L ol ¥e _ 22 32 L %
(6€91) 9LLt (0gq)  Y9g2g (6¢9hl) VLot G988 06¢9  9ile o082y (g6} OF Te10]
_ BITUN LX)
etydearqng
STTRJUOPTOD0 snInuofydTs
(k) 4 an b g rmpagdon
0 ot e inwd Ay
ol Oc¢ _ oA |
Mcrw 8% . gnauswoIJ
(b) 3 (ke 0% . cmyd £aednyg
) (b) o] _ (1 o8 snqeTaocurIpunb snaaosorgdQ
(01 09 (6 8 (3 t4 (ov) o2 n1Tq3doapAy
(v) v Ma yooo(e1 9l (¢¢1)  vouL snnedfn
8 v (9ze) vIi (s 4 . es fud
mmmv ww (661) 80l _ﬁowu 0z (g) ¥ nwmwm wmw (91) 8 mmeOOH:mESﬂm
nmrrrw 9Lttt (Li¥) ¥88 (1€9) 8201  (92L) 26% Amwmw 9L9 (8) 1Z sTTe2a0q 9YyoLsdodTI3H
{apc) “gab (g16)  9cul (Lihi) 9¢gz  (L108) ¥9LS (16Lg) gozz  (9L) 8 snaepnedTay/snaded sTloBf
as x a0 X as y X as c X as , X as w X sazedex:

9 G :

‘1861 aunp ur juaodad
GTY] Ur paqlaosap 80470 Apngs 904 IBVALTS XTS 9yy WOy pajda11od sv dnoJd fruotrjdouny
Ay w=duvage (Lw/°S0U) 9OUBPUNGE 93LIYIFIDAUT DQYGUSQ JO UOTJBTAIP pIEPUBIS pur (X) UBdH L eqqed,
[ 9

- s .



UPdaTE  19%Y

STREAM PROFILES
R P PR T LR

JULY - 1984

SILT; AQUATIC MACROPHYTE & WATER DEPTHS



1)

2)

3)

k)

5)

6)

PROCEDURES FOR SILT MEASUREMENTS

Locate the 6 transect stations as described in "A Baseline Study of The
Aquatic Ecology of Upper Silver Creek 1981-1982", Section 1 of the report.

Measure present stream width.
Determine sediment measuring locations.

StreaTIW|dth = Measuring Interval Ex: 44m Str??m width _ o Meas.

| Me%surﬁ LOﬁatiﬁns [ '

Int.

Ex:

Stream width = 44m

At each sediment measure location measure:
a) depth from water surface to top of weed bed

b) depth from water surface to top of silt;
NOTE: Silt - weed interphase should be
determined by sticking your hand down
through weed bed until silt is felt.

¢) depth from water surface to solid bottom
(rocks will usually be felt.)

*%% A meter stick should be used for depth measurements.
Starting from one bank (south bank) measure bank to weed/silt

bed distances and determine predominate plant species per weed
bed (by eye ball method).
—) D

N =i -

N

—_—
Additional silt/weed measurements may be needed in some weed beds for
accurate mapping.

| 1 1
"Lm "4 " Am " Am "hm " Bm " &m " bm " Am " 4m " Am’



UPPER STALKER CREEK
STATION 1

—

\

OW RN AW Wil -
" s e s s s e e o u

" STAKE WIDTH

STREAM WIDTH
INTERVALS

WATER - WEEDS

53cm

weeds

5! - 8|
POT.

LOWER STALKER CREEK
STATION 1

- .
QW OO~ T WN —
« s s+ & % & & s =

STAKE WIDTH
STREAM WIDTH

DATA SHEET

1981

14.9m (L4L8.9ft)
L.9m (16.1ft)

1.6t

WATER-SILT

107¢cm

1981

(1ft 7in.)

WATER-BOTTOM

water over bank

on south side.

19.9m (65.3ft)

INTERVAL (from south bank)

NEW BANK

16cm

L5

i

Ly

38
50
60

- 83
60
L5

60cm
77 -
71
57
6h
73
66
95
90
79

11.9m (39ft)

Distance of Weed-$ilt beds from south bank.
0—5'; 5!_23!; 27!_32[6H; 32l.6u_37|5n

POT,

CH.= _RAN. CH.

POT.-VER.' POT.

POT.

NOTE :

116cm
117c¢m
115
116
118
118
112
116
114
117

§t-23': CH
POT. & RAN.
for 2nd.)

. #,
tied



—

—

1984 DATA SHEET | PAGE 2

GROVE CREEK

" STATION 3 : 1981 ‘ 1984

STAKE WIDTH S ' _

STREAM WIDTH 28m (91.8ft) 92'10"

INTERVALS . 9.2ft (9ft s.5 in.)

WATER - WEEDS WATER - SILT WATER - BOTTOM
1. Ocm 31cm 57cm
Y 0 35 53
3. 9 L7 64
b, 23 33 : 41
5. 8 : 28 |
6. 33 63 72
7. 25 b1 70
8. 38 60 65
9. -- -- 49
0. -- -- 43

Distance of Weed-Silt.

2|_27|; 30|_5||; 52|6||_60|6||; 631_751; 83!_8L‘|6||; 89|_9]I

CH. CH. CH. CH. CH. CH.
(small amodﬁis POT.
of unknown)
UPPER SILVER CREEK
STATION 4
STAKE WIDTH 38.7m  (126.9ft)
STREAM WIDTH - 28.7m (94.1ft) 27.9m
INTERVALS from south bank 9.4ft gy
1. -- -—- 84cm
2, E2cm 59¢cm 70cm
3. 28 52 72
b, -- - 70
5, 36 | 63 70
6. 63 -- 80
7. 32 73 79
8. -- -- - 75
9, -- ; -- - 78
0. 11 L7 5o

(start south) Distance of Weed-Silt bed.

0-8'; 15'-17'; 19.5'~32.5'; 34'-38'; 40'-L3'; 4k 5'-5)°

POT. CH. CH. CH. ~ CH. CH.
CH. POT. POT. POT. POT. '
RAN.



—

1984 ' - DATA SHEET _ PAGE 3

(cont;) 54'-60.5'; 62'-66'; 67.5'-74'; 80'-83.5'

CH. CH. CH. CH.
‘ POT. POT.

MIDDLE SILVER CREEK

STATION 5 1981 1984
STAKE WIDTH 46.5m (152.5ft) 14971
STREAM WIDTH 36.5m (119.7ft) 117!

INTERVALS from south bank  12ft. 10'7"

WATER - WEEDS | WATER = SILT WATER - BOTTOM

1. Léem 50cm 58em
2. - - 64
3. 17 54 61
L. - - . 59
5, - - 81
6. 35 Ls 71
7. - -- 64
8. -- L3 - 58
9. -- -— 60
0. 11 35 6L

Distance of Weed-Silt beds.

0-9'; 16.5'-21'; 30'-37'; 4h'-51'; 55'-72'; 77'-90'; 105.5'-111

POT. POT. POT. CH. POT. POT. POT.
: CH. CH. CH. CH.
RAN. : ELO.
ELO.

LOWER SILVER CREEK

STATION 6

STAKE WIDTH 31.6m

STREAM WIDTH ' 21.6m 75'.33

INTERVAL , ' 6'10"
1. - 56ecm 69cm , 103cm
2. L6 - 78 _ . 99
3.. -- _ 91 97
L, 15 _ 48 ‘ . ' 98
5. - 95 | 110
6. _— - - 119
7. 72 79 125
8. 79 . 104 © 124
9. 100 115 ' 122
10.°

o ny - 119
(start south bank) Distance of Weed-Silt beds.,

0-8'; 8'-12'; 12'-14'6"; 17'-20'; 25'-29'6"; Lk'-51"

_ POT. SILT. POT. POT. POT. POT.
ELO. ELO. CH. ELO. ELO. CH. ELO.



1984 : DATA SHEET | PAGE 4

5&'6”'59'6”; 62|_69|; 7]'6”-end

POT. POT. POT.
CH. Duckweed *water to weeds- zero.

NOTE: Water over south bank. \

| k' water-weeds, zero, water to silt 66', water to bottom 95'.
10! wafef-silt 92', water-bottom 9k'.

18" water-weeds 49', water-silt 71', water-bottom 95'.

24" water-silt 84', water-bottom 97'.

31" water-silt 73', water-bottom 107'.

38' water-silt 109', water-bottom 111°'.

52' water-bottom 124'.

71" water-bottom 69°'.
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