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INTRCDUCTION

Beginning in June 1981 a study was undertaken to
establish a monitoring program for benthic macroinverte-
brates (potential trout food organisms) in Upper Silver
Creek and its tributaries. The purpose was to obtain guan-
titative base line information on invertebrate standing
stocks so that, in combination with comparable data on
aquatic macrophytes and fish, present conditions and sub-
sequent changes in the stream ecosystem could be assessed.
In addition, it was intended that an assessment of seasonal
changes in invertebrate abundance be made at kKey sites along
with an evaluation of the Silver Creek system's ability
to provide invertebrate food for trout and other gamefish.
The study was conducted at six locations, three on Silver
Creek proﬁer and three on its tributaries: Stalker and

Grove Creeks, during June, August, and MNovember 19871 and

May 1982.




DESCRIPTION OF STUDY 3ITES

Station 1 (Upper Stalker Creek) is downstream of the
Patton Drain and approximately 400-500 m upstream from the
" Hunting Cabin. The sampling site is on a straight reach
of the stream, which flows almost parallel to the hill-
slope to the south. Metal stakes, driveniinto the ground
5 m from the streambank on each side and serving as per-
-manent markers are 14.9 m apart., The stream channel is
relatively narrow (4.2 m) and deep (1 m) and is "U" shaped
with vertical banks and a flat streambed.

Although the stream channel is well definéd, the
surrounding marsh is sometimes inundated to a depth of 10
~to 20 cm.

; Deposited sediment, a mixture of fine sand, bits

of broken mollusk shells, and decaying plant material (or-
ganic detritus) covers most of the streambed, which con-
sists of pebble-size rocks more or less consolidated in a
matrix of calcarious gravel and fines. Light reaching the
stream is restricted by bankshading and riparian vegetation
and plant growth within the stream is sparce.

Station 2 (Lower Stalker Creek) is 400-500 m down-
stream from the Pumpkin Road Bridge and downhill from the
corner of the Conservancy corral. The sampling site can
be reached either by floating downstream from the bridge
or by driving to the corral and descending tne steev bruchy

slope that constitutes the right (south) margin of the
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stream. DMetal stakes are 19.9 m apart and are positioned
4 m from either side of the stream except when the water
level is down; then the stream width decreases and the dis-
tance from the water margin to the stake increases due to
the sloping nature of the south bank. The stream is 11.9 m
wide and over 1 m deep. The streambed is covered with fine
(silty) deposited sediment. Because the stream is rela-
tively wide, sufficient light is available to support the
growth of aguatic plants which were present in luxurious
profusion in June, 1981 when the site was established.
Station 3 (Grove Creek) is about 600 m upstream
of the confluence of Stalker and Grove Creeks. The tran-
sect for sampling is approximately 15 m downstream from
the upper fence crossing the creek on the McMahan proverty.
The concrete fence posts serve as points of reference and
metal stakes were not used to mark the transect line. The
stream is wide (26 m) and fairly shallow («50 cm). The
streambed consists of pebbles and gravel and fines which —
are loosely consolidated in some spots but which are ce-
mented by CaCO3 deposits in others., A relatively high
percentage of the streambed is exposed, the remainder being
covered by plants and/or sediment. Aguatic plants, mode-
rate in abundance, tend to grow in clumps wnich are pre-

dominantly Potamogeton, Chara, or Veronica and which alter-

nate with exposed streambed to form a mosaic or hetero-

geneous pattern,

Station 4 (Upper Silver Creek) is located on Con-

servancy propertzy, 100 m downstream from the confluence




spring runoff when the surrounding area 1s flooded. Samp-
ling is especially difficult at station 6 because of the
combination of swift current and deep water. During the
early part of this study about 20% of the streambed was
erosional and free of deposited sediment and the average
depth of sediment was lower than at stations 4 and 5. The

plant community, moderate in abundance, is dominated by

Chara.




METHODS

Field Procedures

Aquatic invertebrates, together with macrophytes
and organic detritus, were collected using a Hess net
(390 um mesh) that was modified for use in water up to 1.5 m
deep. The net enclosed a 1/16 m° area of the streambed,
and organisms within the water column and in the substrate
to a depth of 8 to 10 cm were included in. 2 sample.

After collection, samples were”put into glass Jars,
preserved in 10% formalin solution, and transported to the
laboratory for processing.

Four samples were collected at each station on each
of the four sampling dates for a total of $6 samples.

Laboratory Procedures

Samples were removed from jars, placed on a 250 um
mesh screen, and rinsed to remove excess formalin. Aquatic
macrophytes and organic detritus were separated and removed
for further processing and the invertebrates were sorted,
identified to the lowest taxanomic level feasible, and
counted.

Data Analyses

Invertebrate data were analyzed with respect %o
sampling date and sampling station on the basis of indi-
vidual taxa as well as functional groups. Analysis was

facilitated by the use of the SPSS computer programs for

analysis of variance (ANOVA) and student t-test.
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RESULTS AND DISCUSSICN

Taxonomic Richness

A total of 63 taxa were recognized during this
study (Tables 1-4). Cf these, four (Cicadellidae, Hydra-
carina, Lepidoptera, and Unknown Diptera) represented a
mix of species, none of which were common, and which could
not be or did not warrant assignment to a functional-feeding
group. These constituted the "Other" category and did not
exceed 1% of the total abundance at any station. Conse-
quently they were not considered further. O0Of the remaining
59 taxa, no more than half (and frequently less) were found
at any given station on any particular date (Table 5).
Grove Creek almost always supported the highest 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 a low
variety of taxa and frequently were the lowest in richness.
However, in August the third highest number of taxa were
collected from Upper S5talker Creek and on two occasions
(June, August) the lower main Silver Creek station matched
the Stalker Creek sites for low richness. Generally there
was a difference of between 5 to 11 taxa between the sta-
tion having highest ricnness and that having the lowest
values, although in May the difference was 17. The Upper
Silver Creek station usually suprorted the second highest
number of Taxa indicating the positive inTfluence of Grove

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

Mean total abundance for the four collecting dates
ranged from about 3200 to 14,200 individuals per square
meter (Table 5). The two Stalker Creek stations had the
lowest mean annual abundaﬁce and Grove Creek the highest.
Mean annual abundance at the upper and middle Silver Creek
stations was closer to that of Grove Creek but the lower
Silver Creek value was 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 most commonly occurring taxa in this study
are listed in Table 6. They accounted for 90% or greater
of the mean numbers of organisms collected during the year
at all stations except Grove Creek and upper Silver Creek
where they made up 88 and 83% of the total abundance, res-
pectively.

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 between stations for the nine most abundant taxa
by means of a t-test indicated that most of the significant
differences were Dbetween abundances at stations 1 and 2 and
those of each of the 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. llone of tine

1
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taxa examined appeared to show consistent significant dif-
ferences between stations over the four collection periods.
Biotic Diversity

The numerical dominance of a few taxa among all
‘of those represented at a site also is evident from an
examination of the Shannon-Wiener diversity (H/) values
(Table 5). In no case did H° exceed-2. H values between
1 and 2, as found in this study for Upper' Silver Creek
and its tributaries, generally are found in relatively
homogeneous aguatic environments and freguently are asso-
ciated with enriched or intermediately polluted conditions.
Lowest diversity values for any given date generally were
found at the upper Stalker Creek station. Highest values
occurred on two occasions at the upper Silver Creek station
and twice at the lower Zilver Creek station.
Seasonal Differences in Richness, Abundance, and Diversity
Benthic invertebrate community structure varied
considerably among seasons (Tables 1-5). This is confirmed
by ANOVA (Table 7) which showed significant differences
in abundance among seasons for 16 taxa including six of the
nine most abundant. In general, greatest total abundance
occurred in June 1981 and least in May 1¢82 (Table 5).
Richness also gererally was least in May and highest in
either August (stations 1,2) or November (stations 4,6)
although Grove Creek and middle Silver Creek supported slight-

ly more taxa in June than in either of thcse two months.

The top four and seventh most abundant taxa generally fol-




Table 7. Results of ALOVA between season and location for
65 taxa of benthic invertebrates from Silver Creek,
Idaho 1981-1982 (p<0.05). An asterix indicates
that the taxon is among the nine most abundant.

A, Significant Differences Among Seasons Only

Ceratopogonidae
Hemiptera

B, Significant Differences Among Stations Cnly

*Flumenicola
Brachycentrus
Empididae
Ephemerella grandis
Hydracarina
Oecetis

*Tubificidae
Optioservus
Ostracoda
Simulium

C. ©Gignificant Differences Among Seasons and Stations

*Baetis
*Chironcmidae
Cinygmula

Dicranota
Enallagnma
*Ephemerella inermis
*Gammarus lacustris
*Helicopsyche borealis
*Hirudinea

Hyallela
Hydroptila
Paraleptophlebia
Rhyacophila
Tricorythodes




lowed the pattern for total abundance although this was

not always the case at all stations (Table 6). The remain-
ing four taxa were not so consistent in this regard and
commonly were most abundant or at least second most abundant
in the May collections.

The seasonal variations noted were not surprising
and generally were consistent with known differences in
life history relationships and environmeﬂtal conditions.
However, they do emphasize the need to utilize data from
similar times (months) when comparisons are being made be-
tween stations or conditions are being monitored over se-
veral years. In general, it appears that late summer-
autumn would be most favorable for the collection of annual
"monitoring'" samples., Richness should be highest at this
time and abundances should reflect conditions found over
most of the annual cycle in Silver Creek (i.e., extending
from the end of spring runoff in one year to the start of
runoff in the next). In addition, field conditions at this
time should be cptimal for the collection of samples which
will not be hampered by high flows cr snow and ice.

Differences in richness, abundance, and diversity
between the June 1981 and May 1982 collections (Table 6)
are attributable largely to differences in weather condi-
tions and subsecient runoff in the two years. The winter
preceeding June “%81 was reiatively mild with near normal

snow pack and ru::off (e.g., mean monthly discharge for tne

period January -.vough May 1981 was 4.57 (£ 1.01 3D) ma/s).
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In contrast, May 1982 was preceeded by a ccld winter with
heavy snow vack and subsequent high runoff (mean discharge
for January-May 1982 = 5.31 (% 0.89 SD) m°/S). The latter
conditions appear to have adversely affected the benthic
flora and fauna resulting in reduced standing crops and rich-
ness. These results illustrate the need to evaluate condi-
tions over a series of years (e.g., 5-10) in order to es-
tablish the full range of responses to be'expected under
normal variations in natural conditions. Only then can the
less obvious changes in stream conditions resulting from
management efforts or pollution be recognized with confidence.
Functional Feeding Group Relationships

The functional feeding group composition (Cummins
1973, Merritt and Cummins 1978) of the benthic invertebrate
community at each of the Silver Creek sampling stations is
summarized in Table 9. In general, collectors predominated
at all stations followed by scrapers, then shredders,and then
predators. However, at station 2 in June and station 3 in
August scrapers were more abundant than collectors. At
station 2 in August shredders exceeded both collectors and
scrapers in abundance and 1n November shredders were more
abundant than scrapers. Also, at stations 1 and 3 in June;
5 in July; and 2,5 and 6 in May predators were slightly
more numerous than shredders.

Among the collectors, tne sediment miners constitu-

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

30 to 50% of the total abundance. Fowever, the apparent
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Table 9. Functional feeding group composition (as percents of total
abundance) of the benthic invertebrate community in Silver
Creek.

June 1981 1 2 E 4 > °
Scrapers 1 46 22 24 10 12
Collectors (94) (29) (70) (62) (72) (65)

Gatherers 1 5 26 19 12 12
Filterers 11 4 4 4 4 6
Shredders 1 21 % 8 12 17
Predators 3 3 S 6 6 6

August 1981 ‘

Scrapers 11 2 46 21 15 13
Collectors (84) (40) (43) (61) (56) (65)
Gatherers 5 0 9 15 2 5
Miners 52 32 20 32 44 57
Filterers 2’7 8 14 14 10 3
Shredders 3 48 7 11 13 13

Predators 1 9 3 7 16 8

November 1981
Scrapers 13 8 27 9 17 27
Collectors (73) (68) (62) (80) (61) (47)

Gatherers 0 0 13 2 1 1

Miners 47 55 39 63 51 37

Filterers 26 13 10 15 g g
Shredders 11 18 3 4 15 14
Fredators 3 5 6 7 7 11

May 1982
Scrapers 2 2% 9 12 16 18
Collectors (95) (66) (85) (85) (75) (6€)

Gatherers 5 12 38 22 17 27

Miners 45 39 41 2 49 21

Filterers 45 15 6 30 9 20
Shredders 2 2 4 2 o 5
Fredators 2 8 1 2 7 9
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predominance of the miners is offset somewhat by their
small size and in terms of biomass they freguently were ex-
ceeded in importance by the filterers and/or gatherers (as
well as by the grazers) (e.g., Table 10). Except for station
2 in August, the shredders and predators never accounted
for a large proportion of the total abundance at any station
(commonly 15 and 10%, respectively). The overall function-
al feeding group composition of the benthic invertebrate
community appears to be dominated by the depositional na-
ture of the stream bottom and the rich stands of aguatic
macrophytes.
Compariscn with Previous Studies of Silver (Creek

During 1977, Francis and Bjornn (1979) conducted
an inventory of the aquatic resources of the Nature Conser-
vancy portion of Silver Creek which included quantitative
sampling of the benthic invertebrates. They collected one
sample each from gravel and aquatic vegetation in April and
every three weeks from May 25 to November 7 using a Hess
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 Ejornn's
samples were stratified by habitat and ours were not. In
addition, interpretation is comvlicated 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. We attempted to
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Table 10. Estimated mean biomass (g AFDM/mZ) of the nine most abundant
taxa in Silver Creek and total biomass in terms of both ash-
free dry mass (AFDM) and wet weight (Ww).

1 2 5 4 5 6
Scrapers
Baetis 0.36 2.26 10.29 6.36 2.61 1.02
Flumenicola 0.38 1.15 0.05 0.09 0.31 1.42
Helicopsyche borealis 0.00 0.09 0.1 0.14 0.25 0.19
Gatherer
Ephemerella inermis 0.01 0.09 1.30 0.54 0.49 0.33
Miners |
Chironomidae 0.17 Q.14 1.37 C.96 1.48 0.92
‘Tubificidae 0.04 0.04 C.04 0.06 0.08 0.03%
Filterer
Pisidium 0.36 0.22 0.06 0.52 0.3%0 0.7%1
Shredder
Gammarus lacustris 1.43% 18.40 4,65 10.26 17.58 10.12
Predator
Erpobdella/Helobdella 0.21 1.02 2.02 1.13 3.91 2.32
Total  gAFTM/m° 2,96 23.39  19.80  20.06 27.00  16.67
gWW/m? 3.85 30.41 25.86 26,08 35.10  21.67

1b WW/acre 34 271 231 2

M
N
W
Y
W
-
(XS]
W




Table 11. Comparison of benthic invertebrate abundances from the middle
Silver Creek station (5) of the present study with those found
in samples of vegetation within the Nature Conservancy boundaries
in 1977 by Francis and Bjornn (1979).

1977 1981 1977 1681 1977 1981

June August November

Ephemeroptera 11,870 3848 5183 976 5968 412
Baetis 1022 1136 1054 788 2097 384
Ephemerella 10,462 2640 3108 16 3333 28
Faraleptolebia 140 68 473 64
Tricorythodes 247 4 548 108 538

Odonata 4 11 16 806
Euallagma/Ischnura 4 16 763
Ophiogomphus 1 43

Flecoptera 140 108 452
Acroneuria 10 291
Isogenus/Isoperla 108 108 161

" Nemoura 22

Trichoptera 624 1372 366 1312 7452 1188
Brachycentrus 140 156 129 162 495 128
Helicopsyche 161 884 43 864 2419 408
Hydroptila 11 60 22 4 753 56
Hydropsyche 68 11 36 1194 288
Oecetis 237 144 75 152 1624 292
Protoptila/Hydroptila 54 60 4 54 36
Rhyacophila 22 86 807
Traiaenodes 7 108

Coleoptera 1710 2387 7699
Optioservus/Heterlimnius 1710 2387 7699

Diptera 5914 14,444 7108 1548 46,204 1952
Chironomidae 5161 14,444 6011 1420 43,075 1836
Chelifera 172 4%
Clinocera 215 86
Buparypus 75 22 806 4
Hemerodromia 10 22 1731
Simulium 247 828 128 5G1 12

Non-insects 6968 6316 3129 5480 14,4320 5278
Amphipoda 473 2056 237 1644 1086 1740
Hirudinea 215 =12 167 1252 226 468
Gastropoda 720 132 4773 44 2720 138
Uligochaeta 5559 2516 2225 2540 8882 2932
Felecypoda e 440 360

Total 27,237 28,044 18,247 £,824 83,011 G,244
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overcome some of the differences in sampling design by util-
izing the 1977 results for vegetation only and by assuming
that the samples were collected somewhere between our upper
and lower Silver Creek sites (a our station 5). (Ten of the
twelve samples collected during this period in 1981 from
station 5 contained substantial amounts of plant material).

Total abundances from the two studies were similar
for June but were nearly two to ten times lower in August
and November 19871 than reported for 1977. In the present
study, notably fewer Ephemeroptera, Plecoptera, Diptera
(except in June), Gastropoda, and Oligochaeta (except in
August) and substantially more Trichoptera (except November),
Amphipoda, and Hirudinea were found than in 1977. In addi-
tion, no Plecoptera were collected from station 5 in 1981
(although they were found elsewhere in Silver Creek ) and no
fingernail clams (Pisidium, Pglecypoda) were obtained in
1977. The total abundance of 83,011 recorded in November
1977 is higher than found anywhere in the Silver Creek sys-
tem during 1981-1982 (maximum 66,832 at station 3 in June).
The differences could not be tested for statistical signifi-
cance because of the small sample size per date (N=1) in
1977.

Standing Crops of Potential Trout Foods

Numerical standing crops of tenthic invertebrates

(Table 6) at stations 3, 4 and 5 of Silver Creek are among

the highest recorded for the Rocky Mountain region (Platts

et al 1582) and zossibly for the world (see Hynes 1970)
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while those of stations 1, 2 and © would fall in the cate-
gory of "average'" to "good". Most of the total abundance
of invertebrates (80-95%) is concentrated among only a few
taxa, most of which are highly regarded as food for trout
(e.g., midges (Chironomidae), worms (Tubificidae), shrimp

(Amphipoda), mayflies (Ephemeroptera especially Baetis and

‘BEphemerella inermis) and leeches (Hirudinea)) which are

functionally adjusted to the physical and organic resources
(especially a largely depositional substratum and extensive
macrophyte development) of the Silver Creek system. However,
whether or not these foods are actually available to and
being utilized by the trout was not ascertained as a part of
this study. Francis and Bjornn (1279) examined a limited
number of rainbow trout (57) and whitefish (2) stomachs

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

Mean bilomasses 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 Big Wood River (Tad®le 10). When viewed in

the context of biomass, the lower Stalker Creex station (2)

appears to be more productive than indicated by the criterion
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of abundance and ranked second only To the middle Silver
Creek location. UpperStalker Creek supported substantially
lower standing crops of invertebrates (ca. 10x) than the
other stations. Except for stations 1 and 6 the bicmass
values are higher than obtained by Needham (1938) for the
average annual standing crop of riffles in Waddell Creek,
California (196 1lbs w.w./acre) but less than that recorded
by Surber (1936) for riffles in Big Spring Creek, Virginia
(485 and 643 1bs w.w./acre) or Needham (1838) in aquatic

plant beds (e.g., Potamogeton 307-566, Chara 3553 1lbs w.w./

acre) or the Klamath River (5000 1lbs w.w./acre).

Thus it appears that Silver Creek is much less pro-
dugtive in terms of weight of benthic invertebrates than
might be expected from other published results. However,
until actual rates of invertebrate productivity 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 populations. It could be that the lower than
expected standing crops are indicative of rapid turnover
and high utilization by trout or it could be a result of

disturbance of the stream bottom and trampling of the plant

beds by fisherr 1.




CONCLUSIONS AND RECOMMENDATIONS

Of the six locations investigated during this study,
Grove Creek would be rated "best" and upper Staiker Creek
would be considered "worst" in terms of habitat for and
production of benthic invertebrates. Within Silver Creek
proper, our results show a progressive degradation of con-
ditions over the three locations examined, In particular,
the entrance of Loving Creek just above the lower Silver
Creek site is associated with a marked decline 1in taxonomic
richness, total abundance, and Shannon-Weiner diversity
in the main stream. Nine taxa accounted for 83-94% of the
mean numbers of organisms collected. This dominance of the
community by a few faxa, coupled with exceptionally high
numerical standing crops, are in keeping with the relatively
homogeneous habitat, depositional substratum, and extensive

macrophyte development associated w~itn Silver Creek. These

conditions, in concert with the 1lar:=2, dependable volume cf
clear, cold, nutrient rich water -: Tably have been largely
responsible fo> the productivity ¢ ilver Creek as a trout
stream. Howev ., deviation of th+ “=z=nthic community away

from conditior: found at Grove Cr:z and in streams outside

of the Silver . rzek watershed is I+ .icative of varying de-
grees of imba’ ince ({pollution) wizi'._n the drainage basin
and suggests : major reason for a2 npossible decline in the

stream's pot

L

ral carrying capacity. In particular, the

standing crov “lomass values of ths venthic invertecraztes

.
pls
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suggests a reduced capacity of Silver Creek to sustain levels
of production expected from comparison with other streams
of a comparable nature. The results of this study also in-
dicate a need for continued monitoring of biotic (macro-
phytes, invertebrates, fish) and environmental conditions
on a long term basis. This information is needed to estab-
lish the full range of responses to be expected under natural
conditions (some of the extent of which héve been illustra-
ted by the présent study) as well as to provide a standard
agalinst which to evaluate various management efforts and
suspected cases of pecllution. In general, it appears that
late summer-autumn would be most favorable for the collec-
tion on annual monitoring samples and that the time of col-

lection should be standardized to be as near the same date

each year as possible.
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