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ABSTRACT

Potential effects of angler wading on trout enbrTyo
and pre—-emergent fry survival were investigated 1n
laboratory channels. 1Impact varied with wading frequency
and stage of embryonic development. Mortality was highest
between the initiation of chorion softening and hatching
and for pre—emergent fry. A slight increase 1in
susceptability to wading occurred at the time of
blastopore closure. Twice-daily wading throughout
development resulted in embryo and pre—emergent fry
mortality of up to 96%, while single wading treatments
applied just prior to hatching resulted in mortality as
high as 43%Z. The severlty and pattern of wading-related
mortality was similar between brown, rainbow and cutthroat
trout. Spawning sections of Nelson Spring Creek with the
greatest potential impact from angler use were used
extensively by Yellowstone River migrant spawuers. Sizxty~
two percent {(13.1 h) of the angler use in these sections
between 28 February and 30 August 1986 occurred when
eutthroat trout embryos and pre—emergent fry were
incubating (15 June to 30 August). Porential detrimental
impact of anglers accessing Nelson Spring Creek by wading
was greatest for vYellowstone River gutthroat trout.



INTRODUCTION

4 1983 Montana Supreme (ourg decision granted publice
access to all flowing waters in Montana. The rvuling
allows sportsmen to wade and fish all streams between the
high-water marks {f access is gained legally. 1In 1985,
the Montana Department of Figh, Wiidlife and Parks (MDFWP)
was directed by the state legislature under House Bill 265
{Chapter 356, laws of 1985) to adopt rules pertaining to
the management of recreational use of rivers and streams.
A process was established by which persons may petition
the Fish and Game Coumission te restrict public
recreational use of certaln waterwavs: 1) to protect
against impacts of recreational use; and, 2) to limit
recreational use of streams to thelr actual capacity.
This process became effective July 1Z, 1985,

Gn July 22, 18983, Williawm Dana, Jr. filed the first
petition under this law regquesting that Nelson Spring
Creek be closed te recreational use without permission of
the owners. Specific allegations included:

"The creek is incapable of supporting unlimited

wading in its bed because this would inevitably

cause severe damage to its frapile ecosysten

inciuding its lrreplaceable role as a2 spawning
ground for Yellowstons River trout.”



"Uniimited wading in Welson Spring Creek would
create a strong, though with current data
unquantifiable, risk of severely degrading the
creek as a spawnlng area and 1§ that
degradation occurs there will be degradation
of the Yellowstone fishery for miles up and
downsrream from the mouth of the creek.”

On August 5, 1985, Edwin 3, Welson filed a second
petition to limit access to Nelson Spring Creek. A report
on these petitions with potential altermatives for action
was presented to the Montana Fish and Game Commission on
September 4, 1985 (Wells er al. 1%83). Following a public
hearing the alternative course of action chosen by the
commiseion was to conditionally extend the petition for 14
months and conduct necsssary research:

1} To ascevtain the amount and types of use on

Nelson Spring Creek as 1t flows through the

Nelson and Dana ranches.

2y To determine the distribution and timing of

spawning and quantify the effect of wading on
survival of brown, rainbow and cutthroat trout

eggs.,

3}y To evaluate the seansitivity of spring creeks
to damage by evaluating spring creeks under a
varisty of use pattermns.

4 To conduct studies on the "social” carrying
capacity of spring creeks. If restrictions are
needed, efficient and equitable methods of
reastricting use would be evaluated.
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Minimal water level fTluctuastions of Nelson Spring
Creek and the creek’s vectangular channel form, force
unauthorized anglers to wade portions of the cresel to
iegelly access fishing areas upstream. The major focus of
this study was to exawmine the porential impact of wading
through spawning areas on survival of trout eggs and pre-

emergent fry. Specific objectives were:

13 Evaluate effects of wading on brown, rainbow and
cutthroat trout eggs and pre-emervgent fry.

2) Document the amocunt, distribution and timing of
brown, rainbow and cutthroat trout spawning in
Nelson Spring Creek.

3} Document the amount of recreational use en lower

Helson Spring {reek.



DESCRIPTIOR OF STUDY AREA

Nelson Spring Creek originates from a series of
coldwater springs and parallels the Yellowstone River in a
northerly direction for 2.6 km before entering the
Yellowstone River at river kilometer 813 south of
Livingston, Montana (Figure 1) (Decker-Hess 1986). The
creek lies entirely within TFownship 03 South, Range 09
Bast, Sections 23 and 26 of Park County. Public access to
the creek is limited to floaters and waders staying within
the ordinary high~water mark of the Yellowstone River and
Nelson S8pring Creek or by landowner permission. Nearvest
public access is5 approximately 3.2 viver kilometers
downstream and 5.0 river kilometers upstream from the
confluence of the creek with the Yellowstone River
(Figure 13}.

L.and adjacent o the creek is owned by the Edwin
Nelson and William Dana, Jr. families. The upper 1.30 km
and the lower 0.55 km of the creek flows through the Dana
ranch: the middlie 0.75 km of stream flows through the
Nelgon ranch {(Figure 2. The lower $.25 km lies within a
high~water side~channel of the Yellowstone River and is
inundated during spring flows of high water yeavrs. Land

and water usas consist of a commevcial trout hatchery, =a
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limited entry fee fishery, cattle grazimg and hay
production. Fishing on the Dana Ranch iz free and by
invitation only. Livestock grazing occurs on the Dana
ranch during the summer months while pastures on the
Nelson vanch are used by livestoeck duriang the winter and
the early spring calving season.

Nelson Spring Creek is fed by spring water, most of
which surfaces avound two headwater ponds {Figure 2).
Water temperatures at the creek origin, measured by a2 hand
held thermometer, ranged from 9-10°C, while the water
temperatures near the mouth varied from 5.5-16.5%C. Mean
stream width during the summer, excluding the twe
headwater ponds, is 18 m and ranges from 5 to 39 m; mean
depth is appproximately 35.5 c¢m. Aquatic plants cover
over 30% of the bottom during summer wmonths {(Decker—~Hess
1986). Minimal water level fluctuations were ohserved at
the bridge (Dana rznch}) between 18 November 1985 and 20
Gctober 1986 (Figure 3), excluding a 3-week period in late
May and early June when flood waters from the Yellowstone
River inundated the creek to a point upstream of the
bridge. The high-water mark near the bridge is not
considered the “ovrdinary high~water mark”™ as defined in
House Bill 265 because of the lack of permanent physical
characteristics (Campbell and Waltermire 19853). Discharge
near the stream mouth ranges between 1.13 and 1.78 mes

{(A. Dana, pers. comm., based on measurements from
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Figure 3. Weekly staff gage readings {cm) taken at the
bridge {Dana ranch) on Nelson Spring Creek,
Meontans between L8 November 1985 and 20 October

1%86.
T. Hallin, survevor}). Two ditches divert water during the
summer irrigation peried. Most of the flow conming from
the upper springs is diverted at the lower end of the
upper pond. Adequate flow 1s allowed between the ponds to
insure that redds frowm late spawning rainbow trout in
sections 11 and 12 are not dewatered. Few fish reside
above the lower pond. Supersaturation of dissolved gases
in the gpring water vresult in high loacidence of gase bubble

trauma Iin trout residing near the zpring scurce.
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The creek’s resident fish include brown trout (Salmo
trutta), rainbow trout (3. gairdneri), mountain whitefish

{Prosopium williamsoni}, longnose sucker (Catostomus

catostomus), white sucker (C. commersoni) and sculpin

{Cottus sp.). HNelson Sprisg Creek fs alsoc used for
spawning by migratory populations of all species with the
possible exception of the sculpin. Yellowstone cutthroat

trout (8. clarki bouvieri) alsoc use the creek for spawning

and juvenile reariang, but a resgident adult population has
noet been documentead. Hatchery origin rainbow trout were
documented in all sections with the highest densities
observed just above the hatchery ponds in early summer.
Hatchery fish were readily identified by their ercded fiunos

during snorkeling surveys. Brook trout {(Salvelinus

fontinalis) are rare, but have been observed in the lower

headwater poand. A few carp {(Cyprinus carpio) were

ocbserved mear the sgtream mouth during late spring months.
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METHODS

Laboratory

Multiple Human Wading

To evaluate effects of wading on survival of brown,
rainbow and cutthrcat trout eggs and pre-emergent fry,
five laboratory experiments were conducted at the Bozeman
Fish Technology Center 0of the U. 5. Figh and Wiidiife
Service. These expeviments were designed to reduce
variability inherent in natural stream channels.
Experiments were conducted in three 1.2 mwide x 2.4 m
iong channels, each subdivided into eight 1.2 m long x
0.3 m wide 2 0.33 & deep chambers and fi1illed with natural
stream gravel (Figure 4). Substrate composition in each
chamber simulated that found in spawning section 4 of
Helson Spring Creek as determined from the mean particle
size distribution of five MeNeil substrate samples {Table
1% (MeWeil and Ahnell 1364), Washed stream gravel {i.e.,
rounded) was acguired frem local gravel gquarries and mixzed
in & portable cement mixer accordling to the size
disrribution in Tabls 1. Water flow through each chamber
was adjusted to 0.14 +/- 0.005 L/s. Gradient of each
chamber was maintained near 2%Z. Disselved cxygen

mezsurements {mg/L) were taken periodically at both the
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frames were removed.
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inflow and ocutflew.

Table 1. Mean parvrticle size distribution determined
from five McNell substraie samples taken from
known spawning areas in section 4 of Nelson
Spring Creek, Montana, Cctober 1985,

Particle

size class{mm) Percent
>38.10 30.8
19.053-38.10 32.4
12.70-19.,05 9.6
5.35-12.70 1G6.4
4.76~6.35 2.4
2.00-4.76 5.0
0.76-2.00 3.0
0.42-0.756 3.0
{G.42 3.4

Water temperature was monitored continuously using a
Tayvlor recording thermograph. <Centigrade temperature
units (CTY)Y were calculated (sum of mean daily
temperatures above SOC} to monitor development rates and
predict stages of development.

To prepare for planting eggs, 2 10 cm laver of gravel
was placed in the bottom of each chamber {Figure 4). Two
wood retaining frames {155 cm x 31 zm inside dimensions)
were positioned within each chamber and the area arvround
rhe frames F1lled with the substrate mix {(Table 1). Two
cpen—topped plastic-screen egg baskets {13.3 cm long x
15.5 cm wide x 15.5 or 23.0 ¢cn deep) were placed within

cach wood retaining frame to facilitate egg or pre-—
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emergent fry recovery; tall basksts extending above the
water surface were used for treatments that included fry
energence. Substrate mix was placed in the bottom of each
egg basket to a depth of approximately 2 cm to insure eggs
were not resting on exposed plastic—screen. Fertilized
eggs from all spawners were thoroughly mixed before
planting to eliminate possible differential survival due
te egg quality. Water hardened eggs were disinfected in =
Betadine solution (20 ml/L water) for 15 min. Twe hundred
fevrtilized and water hardened eggs weve counted with a
100~-hole plexiglass egg counter {(Piper et al. 1983) and
evenly distributed over the substrate mix Iin each egg
basket. Egg baskets were then carefully filled with
substvate and rhe wood frames removed. Eggs were buriled
15.5 cm {Ottaway et al. 1981, Greeley 1932 and Smith
1841), with the sxception of brown trout eggs {experiment
1) which were burled 8 cm {Table 2}. Eggs were obtained
from wild brood stock, with the exception of rainbow rrout
egge used in experiment 2 which were acquired from Ennis
Hational Fish Hatchery {Table 23.

Fouy replicates of the following six wading
treatments were evzluated for sach trout spacies to
determiane the effect of human wading on survival during

different periods of development (Figure 5):



Treatment

Treaifment

Treatment

Treatment

Treatment

Treatment

1:

6

Wading
Wading
Wading
Wading
Wading

Wading

1

between

between

between

hbetween

between

between

4

fervilization and eye-up.
eve—up and hatching.
ferctilization and hatching.
hatching and emergence.
eye—~up and emergence.

fertilization and emergence.

Table 2. Wading frequency, depth of e2ggs and egg source
of the five wading experinments.
Experi- Trout Wading Depth eggs Egg
ment specles frequency planted{cm) source
1 brown Once 8.0 Harrison
every Lake
3 days
2 rainbow Twice-— 15.5 Ennis MNat'l
{McConaughyv) daily Figh Hatchery
3 cutthroat Twice- 15.5 Yellowstone
daily T.ake {(Stream
229 and
Little Thumbd
Creek)}
4 brown Twice- 15.5 Bighorn
daily River
3 raionhow Twice- 15.5 Harrison
{Desmet)} dally Lake

Treatments were randomly assigned to one of the 24

chambers to reduce the effect of chamber variability

obhserved

in previocus

experiments (Weaver and Whire 19835).

The only constraiant was that every treatment would have at
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Wading Treatment

Developnmental
Stage 1 2 3 4 5 5

Fertvilizztion
{planting)

Eve-up

Retrieve
eved €ggs

Start of
hatching

Retrieve
pre~egmergent
Fry-

Start of
emergence

Retrieve
emergent fry

Figure 5. Diagran of wading treatments and egg basket
retrieval relative Lo pericds of developument.
lezst one of its four replicates in each set of eight
chambers. Fach replicate {or chawmber) consisted of two
test and two control egg baskets. To eliminate possible
differential survival as a vesult of egg location, control
egg baskets were located near the inflow in two replicates

and near the outlet in the remainlng two replicates. A
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Mann-Whitney test {Zar 1984) was used to determine if
adijusted survival in control egg baskets differed
statisticalliy (o = (.03} from survival in test egg
haskets.

Wading treatments were administered by one person
weighing 75 kg, During experiment 1, eggs and pre-
emergent fry were waded on once every third day, while
eggs and pre—emergent fry were waded on twice-daily during
expariments 2-5 (Table 2). Wading events were applied in
alrernating direction to eliminate effects of uneven
preggsure distribution between the heel and tcoe portion of
a boot. To allow for delaved mortality, egg baskets were
left in the substrate 7 days after completion of each
treatment {Figure 5). Egg baskets were then removed from
the chambers to determine percent survival. Contents of
each egg basket weve placed in a2 white enamel pan, and
1ive and dead eggs and/or fry were enumeratad.
Unacecounted for eggs, pre-emergent fry and emergent fry
{ C200) were assumed to have deconmposed after being
crushed during the experiments. Egg baskets in experiment
1 {brown trout) were rvemoved and survival deterwmined
following completion of the last wading treatment.

48 a check for percent fertilization and as a second
control for deterwining nonwading-related mortality, eggs
handled the same way as these planted in experimental

chanmbers were lancubated in a Heath stack. Percent
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suryvival Iin the Heath stack at 7 days after the start of
eye~-up, hatch, and smergence was used to adiust survival
from both control and test egg baskets {i.e., survival in
the egg basketis was calculated based on the number of live
gggs out of 200 in the Heath stack, rather than 200 that
ware planted in 2ach egg basket). A Manp-Whitnev test
(Zar 19845 was used to determine if adjusted survival of
controls located near the iInflow of each chamber differad
statistically (o = 0.05) from controls lecated near the
outflow, Observations of development in the Heath stack
were used to determine when wading treatments were
initiated and/or terminated.

In addition, experiments were conducted to test the
assuaption that the narvow width (0.3 m) of the incubation
chambers did not influence the outcome of the multiple
wading treatments. Fercent mortality due to one wading
event was compared between the narroew chamber (0.3 m) and
wide chamber (1.0 m)} {Figure &). The wide chamber was
assumed to closely replicate a natural spawning bed.
Brown, rainbow and cutthroat trout eggs and pre-esmergent
fry (experiments 1, 2 and 3) were tested using
experimental design 4", while brown and rainbow trout
(experiments 4 and 5) were also tested using expevimental
design "R” (Figure 6.

Substrate mix {(Table 1), planting procedure (Figure

43 and depth of eggzs (Table 2) was the same ip chaumber



Figure 6.

18

< Experimental’

Experimental
Design “B”

Test Egg Baskotls

Diagram of the wide (1.0 m) and narrow (0.3 m)
incubation chambers used in chamber width
comparison experiments and the location of the
control and test egg baskets. Experimental
design "A" was used for experiments I, 2 and 3
{brown, rainbew and cutthroat rrout) and
experimental design "B” was used for
experiments 4 and 5 (brown and rainbow troutl}.
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width experiments as Ilo the multiple wading experiments.
Fope and pre-emervgent fry were planted in the substrate
one davy {(water tempsrature 10.5~-13.5°C), waded on once the
same day and retrieved the following day. Prier to
planting and following retrieval, eggs and pre-emergent
fry were held in a Heath stack incubator {water
temperature 7.3-8.6°C3. Temperature differences between
the Heath Stack incubator and experimental chambers werve
assumed to not influence mortality (Peterson et al. 1977).
Pre-eved eggs scheduled to be waded on between day 7 and
1% afrer fertilization were planted in the gravel prior to
day 7 and retrieved aftey day 15 due to the extrensg
sensitivity to handling at this stage of development.
Surviving eggs and pre-smervgent fry were placed in a Heath
stack incubator for 7 days following treatment to document
delayed wmortality. Two coumparison tegts were run on pre-
eyed eggs, two on eyed eggs and two on pre—emergent fry
for each species.

A sign test {Zarv 1984) was used to test the
assumption that percent egg and pre-emergent fry mortality
does not differ statistically (¢ = 0.053} between wide
(1.0 @) and narrow (0.3 m) chambers following one wading
avent. For experimental design "A", comparisons were made
between mean percent mortality in egg baskets {n = 4)
waded on in the wide chamber (1.0 u) vs. those (n = 4)

waded on in the narrow chamber (0.3 m}. Results were
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combined from the flrst three experiments to increase
zsample size {(n= 3 26 = 18y, It was assumed tha?
differences between means resulted from chamber width and
were not species gpecific. For experimental design "B7,
comparisons were made bstween percent mortality in
corvregponding egg baskets In the wide and narrow chambers
{e.g., front-wide vs. front—narrow)} (Figure 6). Samples
{n= 4) from each test (i.e., two pre-eyed egg tests, two
eyed egg tests and two pre—emergent fry tests) were
combined to increase sample size (n = 4 x & = 243,

Samples were not combined between speciss.

Single Wading Event

Data from the chamber width comparison experiments
were also used to test the effect ¢f one wading event on
embryvo and pre-emergent fryv survival. Percent mortality
values From one wading event in the navrow chamber {(n = 4)
were combined with percent mortality values from the wide
chamber {(n = &), and Mann~Whitney tests {Zar 1984) were
run to determine 1if thevre wzs a statistical difference
{oa = 0.05)4in wmorvrtalicty between test {n = & + 4} and
control {n = &} egg baskets zt variocus developmental
stages. Four centrol egg baskets were placed in the 1.0 m
wide chamber during each test toe guantify percent
mortality due to planting and retrievel procedures {Figure

83. These four control egg baskets were survounded by
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hardware cloth to protect against possible horizontal
substrate movement caused by a single wading event.
Control and test eggs and pre—emergent fry were counted,
planted and retrieved in the same manner.

Several of the single wading treatments were
conducted near the time of blastopore closure (l.e.,
period of increased sensitivity). To precisely define
when this period occurred, tests were conducted on
pre-eved eggs of each specles. 4 sample of 200 or 300
aggs from a randomly selected Heath tray compartment was
gently netted and placed in a 100 ml1 graduated cylinder of
water. The cylinder was covered, inverted and returned to
the upright position three times; time was allowed for
eggs to settle after each inversion. Handled eggs weare
then returned to the same compartment and allowed to
develop through hatching. Dead eggs were periodically
enunted and removed. A new sample of 300 live sggs was
handled each day from fertilization until eye~up, except
for cutthroat trout eggs where only 200 eggs were handled
each day. Brown and ralabow trout eggs exposed to
handling treatments were incubated in two watey
temparature regimes, while cutthroar Trout eggs wers
incubated at one: brown trout - 7.39C and 10.5°%C; raianbow
trout — 8.1-8.49C and 10.5%C:; and cutthroat trout - 7.3-

7.59C,
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Field

Spawning Use

Weekly redd counts were made by walking the entire
length of Nelson Spring Creek {Figure 2} from 1 November
1985 to 11 August 1986 with a few exceptions: Section 13
wag not discovered until 19 December 1986; Sections 1 and
2 were flooded by the Yellowstone River from 30 May to 6
July 1986. Flow in sections 11 and 12 was inadequate for
spawning from 6 June 1986 until early September, the end
of the irrigation season. Spawning sections varied in
length and were {rregularly spaced along the creek in
known spawning areas. Spawning sections were numbered
from the mouth upsitream {Figure 2}. Outflow and inflow
ditches to the hatchery ponds and raceways on the Nelson
ranch were not censused. Accurate redd counts wers
difficule in section 10 (spillway poocls) due to deep
water.

In 1987, only cutthroat trout spawning was monitored.
In an attempt to document the relative importance of
Helson Spring Creek for cutthroat trout spawning, redd
counts were expanded to include the other two known
spawning tributaries in the Livingston—-lower Paradise
Valley area: MeDonald Creek and BDepuy’s section of
Armstrong Spring Creek. Redd counts began 3 June 1987

and ended 24 July 1%87.
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To determine arvea of spawning riffles and to
estimate the propoviion of Nelsom Spring Creek used for
spawning, each redd location was rvrecorded on a map. An
orange~painted rock was placed on each redd to prevent
multiple counting. In times of spawning overlap between
species, an attempt was made to determine when the last
fish of one species and the first of the second species
spawned.

During weekly redd counts, locations of Floy~tagged
trout were recorded to document the distvribution of
Yellowstone River trout in Nelson Spring Creek. Trout
migrating out of the Yellowstone River into Nelson Spriag
Creek to spawn were tagged during MDFWP electrofishing and
trapping surveys near the mouth of the creek. Tt was
agsumed that observed fish spawned in sections mear where
they were observed. 1In addition, four snorkeling surveys
were conducted to locate tagged fish. The observer
snorkeled in a downstrean direction (except in sections 11
and 12) from the top ¢of the lower pond to the mouth of the
creek {(Figuvre 2).

Embryonic Development Specific
to Nelson Spring Creek

Brown, rainbow and cutthroalt trout eggs were
stripped, fertilized, water—hardened and planted 1n the
gubstrate in section 4 dering peak sgspawning of each

species. Brown trout gametes ware obtained from Armstrong
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Spring Creek, while vrainbow and cutthroat trout gametes
were obtalned from Helson Spring Creek. A simulated
trout redd was excavated in a known spawnlng aresa.
One~hundred water—hardened eggs were placed in each of six
gravel filled plastic-screen baskets and buried 106 to 20
cm in the artificial redd. An egg basket was removed
periodically to observe development. A Peabody Ryan model
"J" thermograph was used to moniter water temperature and
centigrade temperature units were calculated. Days and
CTY to eye~up, hatch and emergence were estimated based on
the physical appearance of the embrycs and/or pre-emergent
fry.

Recreational Use in
Section 3 and 4

A Minolta 8 mm movie camerz was mounted in a
gstreamaide tree and programmed to fake a single picture of
sections 3 and & every 5 min during davylight hours to
record angler use (Figure 7). Four other cameras wvere
operated by the MDFWP to estimate angling pressure on
sther lower Nelson Spring (Creek sesctions and the
Yellowstone River. Sections 3 and 4 contained the
spawning riffles that one landowner feared would be
adversely iwmpacted by unauthorized use. Anglers
haviang permissiocn from the Dana family {(invited anglers)
were asked t£to register prior to figshing and to not wade in

sections 3 and 4.
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Film footage from the camera taking pictures of
sections 3 and 4 was analysed by the MDFWP, and angler
locations were placed on a map similar te Figure 7. Tine
spent fishing by exclusively bank anglersg, exclusively
wading anglers and those fishing from both the bank and
stream was estimated by multiplying the number of Film
observations by 5 min. Photographs were also used to
determine if anglers were wading through known spawning
areas in sectionsg 3 and 4 (Figure 7), and if so, to
determine how long they fished these areas and 1If the

wading path was raaodom or followed a distinct pattern.
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RESULTS AND DISCUSSION

Laboratory

Multiple Human Wading

A1l multiple wading treatments resulted in
gsignificantly lower (P < 0.05} trout embryoc and/or pre-
emergent fry survival compared to controls, with exception
of brown trout in experiment 1 which had too few samples
for statistical evaluation (Figures 8 and 9 and Appendix,
Table 13}. Several sanples were lost in experiment 1
{brown trout) due to deteriation of thread used in making
the sgg baskets. Results of experiment 2 {rainbow trcut)
were also inconclusgsive because of low adjusted survival in
both contrel and test egg baskets. Low percent survival
resulted from reduced egg viability and from allowing
too much water to flow over the surface of the substrate,
thus reducing Iintragravel flow and consequently reducing
the amount of oxygen supplied to developing embryces and
pre-emergent fry. The delay in rainbow trout fry
gmergence in experiment 2 relative to experiment 5 (Table
3) probably resulted from these low intragravel flows and
oxygen concentrations.

In experiments 3, 4 and 5, twice daily wading from

ggg fervilization to fry emergence {(treatment §6) resulted
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Harrison Lake Brown Trout

McConaughy Rainbow Trout

Fert.- Hatch- Eye-up

WADING TREATMENT

Adiusted mean survival (¥} and standard error
hare for Harvison Lake brown trout (expesriment
1} and Mclonaughy rainkow trout {(experiment 2)
eggs and pre~emergent fry ia the control

{n = B) and test {(n = 8) egg baskets exposed to
wading treatments 1-6 Iin the laboratory. Brown
trout sanmple size ranged between 2 and 5.

Brown trout test egg baskets were waded on once
every third day:; rainbow trout egg baskets

were waded on twice-dally.
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Yellowsione lake Cutthroat Trout

BB Control

Fari- Eye-up Fert.- Haich- Eye-up
Eva-up «HMateh reateh Ervenrg. Emerg,

Desmaet Rainbow Trout - Harrison Lake

WADING TREATMENT

Adiusted mean survival {£) and standard error
barvs for Yellowstone Lake cutthroat trout
{experiment 3), Bighorn River brown trout
(experiment 4} and Desmet rvalobow trout-
Harrison Lake {experiment 5) eggs and pre-

gmervgent fry in the control {(a = 8) and test
{n = B) egg baskets exposed to wading
treatments 1-6 4in the laboratory. Test egg

baskets were waded on twice-daily.
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Table 3. Embryonic development rates {(centigrade

temperature units?® and days) of brown,

rainbow and cutthroat f£rout im the laboratory.
Trout Faint Hatching Start of
gspecies eye~up 1% 30% 100% emergence
Harrison 217.5%  382.5P  412.5° ~ 564,40
L.ake brown 28 days 51 davs 535 days - 75 davys
{experiment 1)
Mc Conaughy 165.7 328.5 343.9 359.5 632. 4
rainbow 21 davys 41 days 43 days 45 davye B4 days
{experiment 2)
Yellowstone 175.8 301.6 - 331.5 496.5
Lake 24 davys 41 davs - 4% davs 67 davs
cutthroat
{ezperiment 3
Bighorn River 239.6 432.9 54%.9 465.1 709.7
brown 10 davse 54 days 536 days 58 days 88 davys
{experiment 4)
Degmet 184.9 337.1 - 374.1 606, 1
rainbow 24 davs 44 davs - 49 davs 80 davs

Harrison Lake
{expariment 3}

centigrade temperature units = sum of mean daily

temperatures above 09C.
b CTU are low because of calibration problems with the
thermograph.

in B2.8%7 mortality {adjusted test survival relative to

adjusted control survival) for cutthroat trout, 89.2% for

brown trout and 94.0%Z for rainbow troul, rvespectiively

{(Table 4). Survival was adjusted using survival

coefficients in Table 5. The lower mortality in cutthroat
rrout sxperiments wag probably related to faster embryo
wading applicaticns) {Table 3).

development (i.e., fewer
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Table 4. Percent mortality® from wading treatments 1=-5
during experinment 3, 4 and 3.

Experi~ Trout Treatment

ment species 1 P 3 4 5 &
3 cutthroat 12.3 72.5 73.6 35.0 76.2 82.8
4 brown 1.3 52.4 61.3 537.1 84.1 89.2
5 rainbow 13.3 5%.2 74.5 £8.9 91.2 96.0

% Percent wmortality = {(100% ~ (adjusted test survival

adjusted contrel survival))

Table 5. Survival coefficients used to adjust percent
survival of treatment eggs and pre~emergent fry.
Coefficients based upon nonwading-related
mortality in the optimium iancubation envirocnment
of a Heath stack incubator.

Experi- Trout
ment species Eve-up Hatching Emergence

Harrison Lake

e

brown 0.9990 0.864 0.955
2 McConaughy

rainbow 0.90% 0.769 0,753
3 Yellowstone Lake

cutthroat 0.9835 0.958 0,941
4 Bighorn EHiver

brown 0. 98% 0.889 0,873
3 Desmet ralinbow -

Harrison Lake 0.878 0.953 0.942
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Mortality resulting from treatments 1 {(pre-eved
egg period}, 2 {eyed egg wveriod) and 4 {(pre-emergent fry
period) ranged from 11.3-13.3%, 52.4-72.5% and 35.0-68.97%,
respectively (Table 4). Mortality from treatment 3
{fertilizaction to hatching) wase 1.1-15.9% higher than
mortality from treatment 2 {eye—up to hatching). Although
wading from fertilization to emergence {treatment 6)
always resulted in the highest mortality, mortality was
only 4.8~6.4% higher than observed from treatment 53 (eye-
up to emergence). These vesults indicate that wading-
related mortality ig lowest during the pre-eyed periocd of
development and mest detrimental after eye—up.

Of the two wading treatments that encompassed two
periods of development {Figure 5), treatment 5 (eye~up Lo
emergence) consistently resulted in higher morvrtality
coempared to treatment 3 {fertilization to hatching) {(Table
4}. Results were similar between trout specles, except for
cutthreat trout where eved egg mortality {treatment 2) was
higher and pre-~sumergent fry mortality (treatment &)
lower than in corresponding brown and rainbow trout
treatments. The large wading-related mortality of brown
and rainbow trout fry betwseen hatching aznd eamesrgence
{treatment 4} indicates that of the three developmental
periods tested, this periocd is most impacted by wading

{Table 4).
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Factors evaluated to determine If they influeunced

interpretation of wading experiments include location of
egg baskets within experimental chambers, chamber width,
water temperature and dissclved oxygen concentrations. No
gignificant diffevrence (P > 0.05) was obgerved in mean
adjusted percent survival {(Table 6) between control egg
baskets located near chamber inflows and those located
near chamber outfliows for any period of development or for
any trout species tested. Based upon these vesults,
mortality in test egg baskets was also assumed to have not
been affected by location within experimental chambers.
Table 6. Mean adjusted percent embryo and pre-emergent

fry survival in control egg baskets located near

chamber inflows and outflows. Control egg

haskets retrieved at the end of the same

developmental period, but from differeant
treatments were combined to increase saaple

size.
Pevrcent Survival
Experi- Trout Control Eye—up® Hateh® Emergence”
ment species location {(n = 4% {n = 8) {(n = 12}
3 cutthroat inflow 99,4 8.3 76.8
putflow 99.5 26.8 70.4%
4 brown inflow 85.12 82.6 80.5
cutflow 56.4 85.5 70.1
3 rainbow inflow 99,4 72.2 56.8
cutflow 99,4 80.4 49,9

2 treatment 1
Y treatments 72 and 3

€ treaztments 3, & and 3
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No significant difference in mortality from one
wading event was observed between narrow (0.3 m) and wide
(1.0 m) incubation chambers (Appendix, Tables 14 and 15).
Data acquired from experiments using both experimental
design "A" and "B” (Figure 6) yielded the sane
conclusions. These results suppoert predictions of two
Montana State University physicists {(D. Robiscoe and G.
Caughlan, pers. comm.) that width of channel should not
influence results since force applied to the substrate
surface would continue in a vertical plane rather tfthan
dispersing horigontally. ©During the last week of
incubation, differences in mortality were lavrger between
narrow and wide chambers, but no consgsigtent pattern was
observed. Based upon these findings, experimental resultis
should be applicable to interpreting effects of wading on
trout rvedds in natural streams.

During all experiments, water temperatures remained
within the suitable range for incubation of trout eggs
(1.5-15°CY (Timeshina 1972 and Kwain 1975) and, therefore,
are not thousght toe have influenced results. Water
temperatures ranged from 7.1-8.49C during experiments
{Takle 73. Incubation temperatures wers consistently
higher during late winter and eazvly spring months when the
brown and rainbew trout experiments were being conducted

than during the rest of the year.
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Digsclved oxygen concentrations during tests ranged
from 8.55-10.05 mg/L. These oxvgen levels are within the
optimum for iancubation of trout eggs {(Phillips and
Campbell 1961). Inflow oxygen concentrations were
consistently higher than outflow concentraticns, but the
differences never exceeded 0.10 mg/L. Intragravel oxygen
concentrations were not measured.

Table 7. Range of water temperatures and dissolved oxygen
during wading experiments.

Water

Experi- Trout 09

ment species {mg /L3 temperaturea{ 9C)
1 brown 8.55-9.40 7.5%
Z rainbow 8.50-9.60 7.6-8.4
3 cutthroat ¢.65-10.05 7.3-7.5
4 hrown 8§.30~9.60 7.9-8.3
3 rainbow 9.60-9, 380 i.1-8.1

a

thermograph was inaccurately calibrated.

The main source of mortality from multiple wading
experiments was direct vertical pressure and/or physical
disturbance. Pressure placed on the substrate directly
above the eggs and pre-emergent fry by the 75 kg wader was
equlivalent to 460 g!cmz,éék g/cmzand1%613 g/cmzif all
the body weight was evenly dietributed over an entire

boot, digstributed evenly over the toe portion or
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distributed evenly over the heel portion, respectively.
Substrate compaction of 1 to 2 ¢m was observed arcund each
test egg basket as compared to control egg baskets, It
tock approximately seven to eight wading events to reach
maximum observable conmpaction.

Direct mortality from crushing and/or physical
disturbance may vesult in indirect wortality due to

Saprolegnia fungl hyphae or zoosporves from dead eggs

spreading to live eggs {(Smith et al. 1983),

Compaction of substrate mav also result in indirect
mortality due toe reduced intragravel fleow. Coble (1961
showed a close relationship between apparent velocity and
dissolved oxygen conceantrations in Iintragravel water.
Alderdice et al. (1958) demonstrated that dissolved oxygen
requirements of trout embryoes increase as development
progresses. Mortality from reduced dissolved oxygen
concentrations should start to Increase near hatching when

oxy¥gen requlrements of embryosg stari to increase.

Single Wading HEvent

Mortality from one wading event ranged from 0-43.47%
{test survival relative to contrel survival) depending
on stage of development {(Pigure 10 and Appendix, Tables 145
and 153. Pre—-eved eggs, and sved eggs hetween eve-up and
the start of chorion softening exhibitced the lowest

mortality {0.0-%.6%}), while pre-emergent fry and eved eggs
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Figure L0. Mean percent mortality and standard error bars
for control {n = 4) and test {(n = 8) egg
baskets exposed to one wading event in
rejation to centigrade temperature units,
developnental stage and davs after
ferctilization: Barrison Lake brown trout
{ezperiment 1}, Melonaughy rainbow trout
{experiment 2), Yellowstone Lake cutthroat
trout {experiment 3}, Bighoran River brown
trout {experiment 4} and Desmet rainbow trout-
Harrison Lake {(experiment 5.
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between the start of chorion softening and hatching
exhibited the highest mortality (5.1-43.4%).

Mortality of pre-eved eggs receiving one wading event
did not differ signilficantly (P > 0.03) from the controls,
except when wading occurred duving a brief period of
increased sensitivity (dl.e., blasteopore closure}. Pre-
eved egegs waded on during this period exhibited 3.8-9.8%
mortality. Blastopore closure occurred between 80 and 100
centigrade tempevrature units for brown and rainbow trout,
and between 80 and 35 CTU for cutthroat trout as defined
by handling tests {(Figure 11}. For brown and vainbow
trout eggs incubated under differeant water Lemperature
raegimes, highest sengitivity to handling in the warmer
regimes occurred 2 toe 3 days earlier. Centigrade
temperature units asgsociated with highest mortality,
however, were similar. These data closely support the
findings that steelhead and rainbow trout pre-eyed eggs
handied in the same manner exhibited a sensitive periocd
bhetween 90 and 110 CTU (Johnson 2t al. 1983 and Johnson et
al. 1986, unpublished).

Mortality rvanged from 2.3 to 43.4% for evyed eggs
exposed to one wading svent. Highest mortality occurred
between the start of chorion softening {approximately mid-
way between sve~up and hatching) and hatching. A1l eved
egzs waded on duving this period showed significantly

higher (P < 0.05) mortality than controls.
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Mortality as high as 19%9.1% was observed for pre=
emergent fry exposed to one wading event. Varlability in
mortality was relatively high for tests conducted on pre-
emergent fry with large yolk sacs (i.e., just following
hatehing), resulting in no significant differences
(P > 0.05) in mortality between countrol and test fry.
Tests conducted on pre-emergent fry with small yélk sacs
{i.e., nearing emergence) resulted in significantly
greater mortalicy (P < 0.05) of test fry compared to
controls.

Differences in observed mortality between wading
treatments can be velated to trout embryenic development.
Following fertilization, the permeable chorion alliows the
perivitelline space to £111 with fluids {(water hardening).
The chorion then hardens, increasing protection to the
embryo from being crushed (Blaxter 1969%9). Inside the
havrdened chorion, the embrye is bouved im a dorsal
position by 1ipid droplets and 1s free to rotate,
minimizing environmental disturbances {Xnight 1963).
Approximately mid-way between fertilization and eye-up,
during the period of blastopore closure, trout embryoes
become more sensitive to physical disturbance (Jensen and
Alderdice 1983, Johnson et al. 1983 and Smivnov 1953).
Poat et al. (1974) acttributed increased mortality from
physical shock during this short developmental peried to

daetachment of the newliy formed blastoderm from the
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periviteliine membrane, which results in yolk contents
spilling into the perivitelline space and death of the
embrvo.

Inherent characteristics of pre-eyed 2mbrvos
effectively protect thewm from the impacts of wading,
except during the period of blastopore closure. Pre-eyed
embryos during this period of development exhibited 3.8~
9.6% mortality from wading compared to 76-947% mortality
from handling {Figure 11}. Low mortality from wading
during blastopore closure is probably due to relatively
livttle physical disturbance within the substrate.

Following eye~up, embryos remain protected until the
start of chorion softening. Approximately mid-way between
eve—-up and hatching, softening enzvmes are secreted into
the perivitelline fluid from the ectodermal gland located
near the gills of the developing embryvo to soften the
chorien for hatching {(Blaxter 1969). Eyed embryos hatcech
prematurely if chorions are ruptured. High mortality of
prematurely hatched fry probably results from the lack of
physical development necessary to survive and from
crushing of fragile body parts {especially the large vyolk
sac and less than fully developed civrculatory, muscular
and skeletal systems). Fragile body parts also make pre—
gmergent fry vulnerable f£o human wading. Results from
gsingle wading tests showed that wading—related mortality

started to increase approximately mid-way bhetween eye-up
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and hatching, which coincides with the time of release of
gsoftening enzymes from the ecitodermal glands, and vemained
high wntil emergence.

Haves (1949) and Hein (1907, cited by Hayes 1949)
showed that the susceptibillity of eggs to crushing follows
a distinct pattern between fertilization and hatching;
iess than 0.25 kg is reguired te crush salmon and trout
eggs prior to water hardening, 3-5 kg between water
hardening and the start of chorion softening and less than
1 kg between the start of chorion scftening and hatching.
These data lend support to the pattern of wading~related
martality demonstrated ia the study. Prier to water
hardening trout eggs should be extremely vulnerable to
mortality il subjected to wading. Few trout eggs during
this stage of development would be affected by human
wading since water hardening iz Ffully completed within 20
min (Leitritz and Lewis 1976). Few eggs were crushed from
wading treatments applied between water hardening and the
start of chorion softening, while eggs at later stages of
developnent were often crushed. Mortalitcy during
blastopore closure probably resulted from wading-related
physical disturbance.

To my knowledge, no one has previously evaluated the
effect of wading on egg and/or pre-emergent fry survival,
but some rvelated research has been raported. In addition

to information on ¢crushing susceptibility reported by
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Haves (1949} and Hein (1907), cited by Hayes {1949),
Gangmark and Broad (1956} coancluded that salmon embryos
planted in egg canisters suffer high mortality from
bedlcoad movement caused by floods. Other researchers have
examined various human-related disturbances that might
effect embrye survival. Jensen and Alderdice (1983)
reported that pre-eyed coho salmon embryoes exposed to
mechanical shock treatments exhibited four levels of
sensitivity; the least sensitive period occurred prior to
first cell divisicn, while the most sensitive period
seccurred during a period of cell rearvangement
{gastrulation), which includes blastopore closure.
Thevresafter, sensitivity declined through eye-up. Sheng
(1985) concluded that seasitivity of pre—~eyed chum salmon
embryos (in the substrate) to electrical ocutput of
electroshockers was similar to the mechanical shock
sensitivity curve described by Jensen and Alderdice
{1983;.

Embryos in artificial redds subjected to four levels
of physical shock simulating uaderground nuclear
detonations {(Post et al. 1974) and test detomations near a
natural stream simulating seiswmic detonations used in oil
and gas exploration (Lloyd and Marshall 1986) showed mno
significant decrease in embryo survival. Rosenberg (1985}
found no significant veducticn in survival of eyved embryos

when dropped 60 cm iatc water.
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Field

Spawning Use

Trout used 13 spawnlng areas, encompassing 4.6%7 of
the surface area of MNelson Spring Creek {(Figure 2Z; Table
8). A total of 506 trout redds were indentified in the
creek between 1 November 1985 and 11 August 1986,
Seventy-five percent of the spawning took place in
sections 4, 9, 11 and 12 (Appendix, Table 16). Sectiomn 4
{one of the sections with the greatest potential impact by
wading anglers) contalned 20.5% (104} of the total redds;
sections 9, 11 and 12 contributed 12.52 {643, 10.9% (55)
and 29.1% {147), respectively. Sections 3, the other
section of potential impact, contained 2.5%7 (13) of the
total redds.

Brown and rainbow trout spawning time in sections 6&-
13 overlapped considerably, while little overlap was
observed in sections 1-3 (Figure 12). Rainbow trout
spawning in sections 6-13 began earlier and lasted longey
{19 December 1985 to 2 May 1986) than in sectlons 1-5 {16
January to 18 April 1986), excluding two rainbow trout
redds observed 23 May 1986. Brown trout spawning in
sections H~13 was last observed 18 January 1986 while no
spawning occurred after 30 December 1983 in sections 1-5.

Morrison and Smith (1980) reported that hatchery
trout held in constant 109 water spavned earlier and over

a longer time period than fish held in water temperatures
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Table 8. Dimensions and surface area (mz) of spawning
areas within the 13 sections 1in Nelson Spring
Creek, Montana 1n July 1986,

Spawning Mean Percent of

gsection Tength{m) width{m) Area{mz) total area(mz)a
1 12.2 8.4 1G62.5 0.3
2 3.0 3.8 148.2 0.4
3 15.0 3.1 46.5 0.1
& 29.0 6.3 182.7 0.5
5 23.13 3,8 88.5 0.3
& i2.8 3.6 46,1 0.1
7 23.4 7.5 103.5 0.3
a 11.6 1.8
6.4 1.7 10,6 0.1
9 12.8 14.4
8.8 5.2 230.1 0.7
10 14.6 1.9 27.7 0.1
11 7T4.9 3.4 254.7 0.8
12 90.5 3.1 280.86 0.8
13 22.0 1.9 41.8 0.1
Total 1,583.5 m2 4.6%

2 t5tal area excluding the area of the two headwater
ponds.
which fluctuated from 1-17°9C. 1f wild brown and rainbow
trout respond similarly, most spawners using sections 6-13
are probably residents (i.e., constant water temperature),
while most spawners using sections 1-3 are probably
migrants from the Yellowstone River (i.e., fluctuating
Wwatey temperature). Spawning overlap prevented an exsct
redd count in sections 6-13 for brown and rainbow trout.
In sections 3 and 4, 42 brown trout redds were observed

compared to 32 rainbow trout rvedds.
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Cutthroat trout Spawning did not appear to overlap

with ralnbow trout spawning in either 1986 or 1987.
Thirty-nine cutthroat trout redds were identified in 1986
compared to 31 in 1987, Since a resident cutthroat trout
population has not been documented in the creek, I assumed
that all spawning cutthroat tfrout were Yellowstone River
migrants. Most cutthroat trout spawning took place in
sections 3, 4 and $ (Table 9). Sections most likely to be
impacted by wading (3 and 4) contained 587 of the
cutthroat trout redds In 1986 and 8l% in 1987 (Table 9.
Timing and length of spawning periods were similar between
vears: 13 June teo 28 July 1986 and 10 June to 14 July
1987 (Appendix, Tables 16 and 17}.
Table 9. Number of cutthroat trout redds and percent of

total in each of 13 sections in Nelson Spring

Creek, Montana in 1986 and 1987. Spawning

sections 11-13 were unavailable for cutthroat
trout spawolng.

Section
Year 1 2 3 4 5 6 7 8 9 19 11 12 112 Total

1986 i1 & 17 4 ¢ 1 ¢ g 0 - - - 39
3% 3% 15% 43% 10% 0% 3% 0% 23% 0% 0% 0% 0Z% 1607
1987 Z0 0 0 0 0 5 40 - 31

6 1 3 —- -
0% 37 1e% 657 0% 0% 0% 0% 16% 0% 0% 0% 0% 160%

{-~3 = not checked.
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Floy~-tag ohservations In Nelson Spring Creek indicate
that sections 15 are the most important spawning areas
for Yellowstone River rainbow and cutthroat trout. Only
12 Yellowstone River brown trout were trapped and tagged
at the mouth of the creek in fall 1985 and cnly one of
these fish was subsequently observed during the spawning
period. Tagged ralnbow trout were observed asg far
upstream as section 12. Seventy-six percent {26 of 34) of
the tagged rainbow ftrout were ohserved 1n sections 1-3
{Table 10). Five of six observations (83%) of tagged
cutthroat trout were also made in sections 1-5; the sixth
fish was observed Just upstream of section 6. Several
tagged trout were observed in the creek several months
following their respective spawning periods.

Peak spawnlng activity for esach trout species in
sections 1~5 during 1985-1986 (Figure 12} coincided with
the peak migration of Yellowstone River trout Inte NSC as
determined by MDFUWP trapping and electrofishing surveys
{Table 11}. Survey data from fall 1984 to sumner 1986,
indicate that most Yellowstone River brown trout move into
Nelson Spring Creek during early to mid-November, rvainbow
trout from early February to late March and cutthroat
trout from mid-June to mid-July.

0f the three streams surveyed, Nelson Spring Creek is
the principal cutthroat trouf spawning tributary in the

Livingston—lower Paradise Valley area. During the suammer
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Table 10, Streamside and underwater observatilions of
tagged trout during their respective spawning
periocd in Helson Spring Creek, Montana, from
18 November 1983 to 4 August 1986.

Stream— Under-—

side water Sections

Date che. obs. 1-3 4-9 10-lower pond 11-12
11/18/85 X BT (1)

1/6/86 X 7(1)
2/15/86 X RB(1)
2/27/86 X 7{1)
2/27/86 b4 RB(1L2)

3/7/86 X 7{(2)
3/21/8% X 7(2%

5 /4 /86 % RB{LI1Y RB{L1 RB{(3) {03
4/10/86 X RB(3 {03 REB{3} {0
6/13/8% X CT(1) <¢T(1)*®

7/6/86 X CT(23 {0) {03} {03}
7/14/86 X CT{(1}

B/4 /86 X CT(l) 7(1)

BT = brown trout.

RB = rainbow trout.

T = e¢utthroat trout.

)
4

unidentified trout.

number tagged fish sighted.

observed in ditch below hatchery raceways (R. Nelson,
pDers. Comm.)

il

of 1987, 19 cutthroat trout redds were identified in lower
Armgtrong Spring Creek {Depuy’s section) and 13 in
McDonald Creek cowmpared to 31 in Nelson Spring Creek.

More rainbow and brown trout spawning occurs In the lower
section of Arastrong Spring Creek (Dapuvis) then in the
upper section {0'Halr's) (B. Auger, pers. comm.}. 1t is
aggumed that most of the cutthreat trout spawning alse
takes place in the lower section, and the redd counts

accurately depict the spawning run of Yellowstone River
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Table 11. Timing and abundance of trout migrating from
the Yellowstone River into Nelson Spring Creek,
Montana ags determined by trapping and electro-
fishing, fall 1984 to summer 1986 {(Clancy 1984,
Clancy 1985 and C. Clancy, pers. COMMm.).
Spawning
Trout condition
species Year Method? Dates Males Females of females
brown 1984 ELFYH 10/16 - - green
10/29 - - green
1177 17 12 some ripe
11713 18 11 some ripe
1985 TRAP 18/11-22 0O 0 -
10/23-306 1 1 graen
11/71-190 7 3 green
rain=- 1984 TRAP 3/20-30 19 10 50% ripe
bow 1986 TRAP 1/29-31 18 4 most green
2/1-10 13 4 mest green
2/11-290 it 4 green
2721-28 17 14 33% ripe
3/1-10 26 11 33% ripe
3/11-206 12 14 50% ripe
3/21-30 i & ripe-spent
471~ - - -
cut- 1984 ELFH 6/25 2 3 ripe
throat 772 3 G -
779 5 6 ripe
7/16 3 7 spent
7/23 3 2 spent
1985 ELFH 6/3 1 g -
6712 2 2 green
5/19 O 1 ripe
6/27 9 5 ripe
7/5 9 5 ripe
7/9 5 3 spent
7717 3 3 spent
1986 ELFH 6/17 1 0 -
6725 H & mosEt green
£730 4 2 spent
7/ 1 &4 ripe
7/14 1 1 spent
1986 TRAP 6/11-20 Z i -
6/21-30 15 & green
7/1-4 3 ki ripe
& ELFH = electrofishing and TRAP = trapping.
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cutthroat trout into Armstrong Spring Creek.

Nelsoun Spring Creek and other avres sprimg creeks are
important spawning tributaries for both cutthroat and
rainbow trout (L. Clancy, pers. comm.). Yellowstone River
cutthroat trout in the Livingston-lower Paradise Valley
area are exclusively tributary spawners, while ralnbow
trout are primarily tributary spawners. Because
irrigation dewatering of numerocus spawning tributaries in
the Livingston—lower Paradise Valley area has affected
recruitment of cutthroat trout into the Yellowstone Riverw
(Berg 1975), the importance of Nelson Spring Creek is
greatest for cutthroat trout relative to brown and rainbow
trout.

Fmbryonic Development Specific
to Nelson Spring Creek

Embryonic development rates specific to Helson Spring
Crock differed considerably between trout species (Table
12). Differences in development rates are thought to be a
result of inherent species differences as well zs
variations in centigrade temperature units. Cutthroat and
rainbow trout development rates in the laboratory and
streanm were similar (Tables 4 and 12). Centigrade
temperature units were not measured for brown trout in the
stream.

Brown trout eggs planted In the substrate in sgsection

4 on 1 November 1985 took 33 davs to eye-up and 66 days
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Table 12, Embrvonicg development rates {(centigrade
temperature units? and days) of brown, rainbow
and cutthroat frout specifiec to section 4 of
Nelson Spring Creek, Montana.

Trout Date Predicted Egg

species planted Eyve-up Hateching Emergence source

brown 11/2/85 12/5/85 1/7/86 S— Armstrong
{33 davs) (66 davs) Spring

Creek

rainbhow 3/13/86 471 /86 L /21786 5/20/86 Nelson
{19 days) (3% days) (68 days} Spring
(L1868 CTU) (352 CTU)Y (641 CTU) C(Creek

cur- 7/2/86 7/16/86 7/28/86 8/14/86 Nelson

throat (14 days) (26 days) (47 days) Spring
{138 CTU) (294 CTU) (478 CTU}Y Creek

a

b

to hatch.

brown trout was not pessible.

centirade temperature unit (LTY) =
temperatures above 0°¢.
no fry surviving to emergence.

sum of mean daily

BFstimating the number of days to emergence for

Based on 33 days to eye—up

and 66 days to hatch, it was assumed that emergence

occurred arcund 100 davs.

High morvtality in brown trout

egg baskets before hatching and complete mortality priorx

to emergence was thought to be velated to trampling by

white~tailed deer.

the vicinty of the buried egg baskets.

Deer and deer tracks were cbserved in

Rainbow and cutthroat trout eggs were planted in the

substrate 13 March and 2 July 1986,

hateh and emergence occurred at approximately 19,

68 days for rainbow trout,

respectively,

respectively.

and 14,

Eve-up,
39, and

26 and 47
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days for cutthroat itrout, respectively (Table 12). Based
on embryonic development rates (Table 12), centigrade
temperature units per week (Figure 13), and temporal
distribution of gpawning of all three specles In sections
3 and 4 {Appendix, Table 16), it appears there were eggs
and/or pre-emergent fry in the gravel from 1 November 1985

to early September 1986 (Figure 14}.

85,

70- N ' \\
651 /x_“/"' a 8

]
601 ]
,./ " / \\/

55- ‘\/' I

G e Wommm s i i n f—— | SN TROMIN | SNASTA | i s Soase Qi) MOGT. SRRGUT SR G S

DJ FMA M JIL AS OND J FmaMMdJdy
Month

Centigrade Temperature Units/Week

Figure 13. Number of centigrade temperature units per
week during trout egg incubatrion and pre-

emergent fry development in section 4 of
Nelson Spring Creek, Montana.
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Recreational Usge in
Sections 3 and 4

Seventy—one anglers were photographed fishing
sections 3 and 4 between 28 February and 30 August 1986
{Appendix, Table 18); they fished a total of 21.1 h.
Sixteen anglers spent an estimated 3.7 h fishing from the
bank; 35 anglers spent an estimated 10.4 h fishing fromnm
within the stream {(wading), and 20 anglers spent an
estimated 7.0 h fishing from both the bank and within the
stream {(Figure 15). Sixty~twoe percaent {(13.1 h) of the
angler use in sections 3 and 4 between 28 February and 30
August 1986 occurred when cutthroat trout eggs and pre-
emergent fry were incubating {15 June toe 30 August). Most
of the 35 wading anglers were presumed to have accessed
Nelson Spring Creek by wading upstream from the
Yellowstone River since invited guests were requested not
te wade in sections 3 and 4. Thirtv-six percent (5.5 h)
of the time wading anglers spent fishing in sectionz 3 and
4 was within known spawning areas.

Approximately 83% of those fishing from within the
stream waded up the left half {(looking downstream) of
sections 3 and 4 which contained approximately 95% of the
spawning arsa. By identifying the heavily used areas, 1t
was poessible to identify those redds that were potentially
impacted by wading. I estimated that 29 of 42 brown trout

redds, 33 of 52 rainbow trout redds and 13 of 23 cutthroat
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trout redds in sections 3 and 4 were located in areas of
heavy angler use. Brown trout redds were prohabliy least
impacted because of light angler use in winter (pers.
observation) .

It was not possible to distinguish between invited
and uninvited anglers accessing Welson Spring Creek.
Seventy—eight percent (232} of the 299 1anvited anglers
registering on the Dana Ranch between 28 February to 30
August 1986 gained sccess during the periocd when
incubating cutthroat trout eggs and/or pre-emergent fry
were in the substrate {153 June to 30 August) (Figure 16
and Appendix, Table 18). From the photographic census,
MDFUWP ddentified 72 boats that landed near the mouth of
the creek between 9 March and 30 August 1986 (Graham et
al. 1986). Eighty-one percent of these bhoat landings
occurred between 15 June and 30 August 1986 (Figure 16).
As a result of extremely high and muddy conditions on the
Yellowstone River between late May and early July 1986,
few boats landed negar the mouth of the creek. Therefore,
wost of the fishing pressure in sections 3 and 4 during
this highwater period in 1986 likely came from anglers
accessing the creek with 1andcwnér pevrmission. In low
water years, it would be expected that more boats would
land near the mouth of Nelson Spring Creek in June when

cutthroat trout are spawning.
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Wading by livestock (horses and cows} aad white~-
tailed deer in spawning aveas of sections 3 and & was also
documented. Livestock were photographed 16 times wading
in the stream; only one of those times was in known
spawning areas. White-tailed dear were photographed two
times wading in known spawning areas. Heaviest deer use
in the streanm channel appeared to be during late fall and
early winter months when brown and rainbow trouf were

spawning and cameras were not operational.
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POTENTIAL INFLUENCE OF RECREATIONAL
pSE O NELSON SPRING CREEK

Several factors were considered in estimating
potential damage to the Yellowstone River fishery from
anglers wading in Nelson Spring Creek: 1) the effects of
human wading on egg and pre-emergent fry survivals; 2)
importance of lower Nelson Spring Creek for recruitment
to the Yellowstone River; 3) amount of recreational use
occurring in lower Nelson Spring Creek when incubating
eggs and/or pre-emergent fry are in the substrate; and
4) status of the trout population of concern.

Eggs and/or pre-emergent fry survival decreases
significantly from multiple wading events as well as
single wading events at sensitive developmental stages.
Results of wading experiments indicate that the large
potential impact to eggs and pre—emergent fry of each
trout species exposed to human wading is nearly equal.

Importance of lower Nelson Spring Creek for spawning
and recrultment to the Yellowstone River is greatest for
cutthroat trout. Yellowstone River cutthroat trout
populations in the Livingston-lower Pavadise Valley avea
are exclusively tributary spawners, and this creek is the
principal spawning tributary in this area. It is

extremely impertant for cutthreat trout recrultment o the
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Yellowstone River because of its stable summer flows
{Claney, in press). Most Yellowstone River brown trout
are main-stem 4ud side-channel spawners, while rainbow
trout use other area spring creesks as well as Yellowstone
River side-channels for spawning {C. Clancy, pers. comm.).

Sixty—-two percent (13.1 h) of the angler use in
sections 3 and 4 of Nelson Spring Creek between 28
February and 30 August 1986 occcurred when cutthroat trout
eggs and pre-emergent fry were incubating (15 June to 30
Auvgust). Considerably lower angler use was observed when
brown and rainbow trout eggs and pre—emergent fry were
iancubating.

Cutthroat trout populations in the wicinity of Nelson
Spring Creek {28 fish/mile > 30.5 cm) are low compared to
cutthroat trout populations {(39-89 fish/mile > 30.5 cm) in
other sactions of the Yellowstone River in the Livingston-
Paradise Valley area and to brown and rainbow trout
populations (80 fish/mile > 40.5 ¢m) in the same section
{Clancy 1985). lLow cutthroat trout populatiens in the
Yellowstone River are a result of dewatering of spawning
tributaries {Berg 1975) and possibly overfishing.

Elimination of wading on cutthroat trout redds will
increase the number of smergent fry. Densitv-dependent
survival of these fry is expected to be high due to the
small abundance of cutthroat treout in rearing areas of rthe

Yellowstong River. Increased survival should result in
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increased numbers of adult cutthroat frout returaing to
Nelzon Spring Creek to spawn. However, due to the present
five~fish daily creel 1limit and to the vulnerability of
cutthroat trout te angling {(Viacent and Clancy 1988},
population increase will be slow. Angling probably has a
much larger effect on the present cutthreoat trout
population structure in this portion of the Yellowstone
River than does trampling of redds by anglers in Nelson
Spring Creek. Johnson and Bjornn (1978) estimated annual
cutthroeoat trout mortality in the 5t. Joe River, Idaho at
0.62 in 1962 and 0.71 in 1970 pricr to initiating trophy-
fish regulations {33 cm (13"} minimum size-3 fish Llimiz),
as compared to 0.47 in 1974 and 0.356 in 1975 after
raegulations were instituted. Overall, the dimpact of
receztional use in Nelson Spring Cresk is greatest for
Yellowstone River cutthroat frout.

Wading restrictions should not be limited to humans
to insure high survival of trout embryos and pre—emergent
fry. Spawning areas should be fenced to prevent cattle
wading. It is safe to agssume that wading by cattle would
recsult in embrveo and pre—emergent fry mortality at least
as large as was demonstrated for human wading. Minimal
foor loading values of large ungulates {(i.e., standing
evenly an all hooves) are much greater than human foot
loadiang values. Foot lcading values of moose, elk and

hison, assumed to be clese to cattle, range batwesn 650
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gfcmz and 720 g/cmz {Telfer and Kelsal 1984}. Uneven
weight distribution of large ungulates would result in

much higher foot loading wvalues than those reported.
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SUMMARY

1) The severity and pattern of wmortality was similar
between tested trout speclies. Twice~daily wading
throughout development resulted in embrve and pre—emergent
fry mortality of up to 96%, while single wading events
just prior to hatching resulted in morvrtality as high as
43.4%. Impact of wading varied with wading fregquency and
embryonic stage of development. Mortalilty was highest for
pre—emergent fry and eved eggs between the start of
chorion softening apnd hatching. Lowest mortality occurred
between fertilization and the start of chorion scftening.
A slight increase in susceptibility oceurs at the

time of blastopore closure.

2) Width of experimental chambers had no significant
effect on egg and/or pre-emergent fry mortality in wading

experiments.

3) ©f the 506 trout redds identified in Nelson Spring
Creek between 1 November 1985 and 11 August 1986, 117 were
in sections 3 and 4 (sections with greatest potential
impact), Forty-two of those redds were made by brown

trout, 32 by ralnbow trout and 23 by cutthroat trout.
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43 Thirty-nine cutthroat trout redds were identified in
Nelson Spring Creek im 1986 and 31 in 1987. Most
cutthroat trout spawning took place in sections 3, &

and 9.

5) Brown trout spawned in sections 1-3% from 1 November to
30 December 1985; rainbow trout from 16 January to 23 May
1986 and cutthroat trout from 13 June to 28 July 1986 and

10 June to 14 July 1987.

6} Days to eye-up, hatch and emergence in sectiocn 4 in
1986 were 19, 39 and 68 for rainbow trout and 14, 26 and
47 for cutthroat trout, respectively. Brown trout eabryos

took 33 days to eye-up and 66 days to hatch.

7} Based on the temporal distribution of spawning for all
three trout species and embryonic development rates
specific to gection 4, eggs and/or pre-emergent fry were
in the gravel from 1 November 1983 to early September 1986

in sectiocas 3 and &.

§) TFrom observations on tagged trout, it appears that
most rainbow and cutthroat trout migrants from the

Yallowstone River spawn in the lower part of the creek.

9} Seventy-one anglers were observed fishing sections 3
and 4 between 28 February and 30 August 1986; they fished

a tptal of 21.1 h. Sixty-two percent {13.1 hy of the
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angler use in sections 3 and 4 between 28 Februavy and 30
August 1986 occcurred when cutthroat trout eggs and pre-
emergent fry were incubating (13 June to 30 August).
Thirty=six percent (5.5 h) of the time anglers spent
fishing while wading in sections 3 and 4 was within known

spawning areas.

10} Wading~related mortality in Helson Spring Creek will
have a greater impact on the Yellowstone Riwver cutthroat
trout population than on brown and rainbow trout
populations because: 1) it is the principal spawning
tributary ia the Livingston-lower Paradise Valley area;
2} most cutthroat trout spawn in the lower reaches which
are frequently waded through by anglers, and their eggs
and/or pre-emergent fry are incubating when the greatest
angler use occurs; and, 3y cutthroat trout populations

are low in this part of the Yellowstone River.
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APPENDIX

Table 13. Mean percent brown, rainbow and cutthroat
troat survival {standard errocor) in test egg
baskets {(n = 8) exposzsed to wading treatments
1-6 and corresponding controls (n = 8) for all
five experiments. Sample sizes for brown
trout {experiment 1) ranged between 2-5.

Experi- Egg Wading Treatments

ment bagskets 1 2 3 4 5 6

1 Control 91.5 - 84.9 81.5 93.8 92.2

{brown {(0.9) - {11.7) {€9.5% {1.9) (5.4)

trout) n=5 - n=lb n=2 n=4& n=3
Test 70.3 - 68.4 53.8 T74.4 46.8

(9.3 - (8.2) (5.7) (2.0) (1.7

n=5 - n=4 n=2 n=4 n=3

2 Control 85.1 21.4 13.6 26.4 16.0 16.3

{rainbow (3.7 (5.1) (2.5 (8.4 (2.4) (3.3)
trout)

Test 34,5 2.8 1.6 2.6 0.6 C.5

(4.6) (1.1) (0.5 (1.2) (0.3) (0.2

3 Control 29.4 B86.9 88.3 76.8 78.1 75.1

{cutthroat {0.3) (1.6 {(1.4) (2.2) (3.0) (4.1
trout)

Test 87.2 23.9% 23.3 4%9.9 18.6 12.9

(2.4% (2.7% (3.1 (6.7 (3.6) (1.8

4 Contrel 96.3 82.8 8%.1 70.4 TF2.3 83.2

{brown {0.5Y (4.2 (3.1 (4.6 (7.0) (5.1

trout
Test 5.8 3%9.4 34.5 30.2 11.5 5.0

€2.0) (6.1 (4.6 (3.5 (2.5 (3.3
5 Control 99.3 ©68.3 80.5 5354.3 49.8 52.:2

{rainbow {0.6) (7.1 (3.8) (6.1 (3.5} (5.4

trout)

Tast Bo.1 27.% 20.5 16.9 4.4 2.1
(3.4% (3.5 (3.2 (4.3) (1.7 (0.8)
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Table 14. Mean percent hrown, rvainbow and cutthroat trout
mortality (standard error) in test egg baskets
(n = 4) exposed to one wading event in 1.0 m
and 0.3 m wide chambers at varlous stages of
development (CTU) and corresponding controls
{n = 4). Egg baskets were arvrranged in the
chambers according to experimental design "A"
{Figure 6. Sign test (o = 0.03) waz used to
statistically analyze compariscn data.

Experi~- CTU at Percent Mortalirty Sign test
ment wading Centrol 1.0m 0.3m {(1.0m > 0.3m = +)
1 7.5 3.8 6.3 6.1 +
{brown {1.2) (1.6 (1.1
tryout) 86.7 10.8 14.6 13.8 +
{3.3) (2.9 (1.5)
154.5 4.0 4.6 4.5 +
{(2.0) (0.6 (1.4)
255.0 1.4 3.3 2.8 +
{(G.5) {0.8) ({0.3)
3890.0 18.3 37.4 24.9 +
(2.8) (4.5 (3.5)
525.3 8.6 13.5 19.4 -
{1.9) (2.8 (3.4)
Z 3.5 13.1 11.9 14.1 -
{(rainbow (1.4} (0.7 (2.4}
trout) 94.1 17.5 24.3 26.5 -
(2.4) (2.5) (2.9)
247.6 3.6 7.1 16.1 ~
{G.4) (1.3) {2.6)
303.6 12.4 47.9 2.9 -
(3.6) (5.2 {(3.0)
396.8 23.6 34.6 33.5 +
(2.3) (1.9} {1.3)
501.4 10.4 26.2 28.9 -
{1.5) (3.7 (5.1}
3 4.4 4.6 4.1 4.3 -
{cutthroat {1.4&) (1.4 {1.13
trout) 109.3 3.9 6.6 4.5 +
{0.7) (6.8 ({1.3)
257.2 3.0 9.3 3.0 +
{(G.8) (0.5 (1.5}
286.8 2.5 38.3 61.3 -
(3.1) (3.2 {0G.8)
369.0 £6.3 52.5 5G.5 +
{(2.8) (8.1 (3.8}
LR NN 10G.3 3é6.2 18.2 +

{1.33 {(6.4) (4.4

Fy =10 () =8
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Table 15. Mean percent brown and rainbow frout mortality
(standard error) in test egg baskets {(n = 4)
exposed to one wading event in 1.0 m and ¢.3 m
wide chambers at varicus stages of development
(CTU) and corresponding controls (o = 4). Egg
haskets were arranged in the chambers accord-
ing to experimental design "B"” (Figure ).
Sign test (¢ = 0.05}) wasg used to
statistically analyze comparison data.
Experiment 4 - Brown Trout
CTU at Percent Mortality Sign Test
wading Control 1.0m 0.3m (1.0m > CG.3m = +)
/6.2 3.0 14.0 3.5 +
6.0 5.0 6.0 -
6.0 9.5 6.0 +
4.0 5.0 6.0 -
Mean(SE) T6.3(1.0) 8.4(2.2) 5.8(0.8)
303.8 2.5 4.3 3.5 +
2.0 6.5 4.0 +
2.5 4.0 3.0 +
Mean(SE) 2,0(0.4) 4.4(0.8) 3.6(0.2)
376.6 1.5 3.0 9.5 -
1.0 8.5 8.0 +
7.0 4.5 14.0 -
2.5 4.5 12.0 -
Mean{SE) 3.0(1.4) 5.1{1.2) 10.9(1.3)
416.7 12.5 28.5 25.5 +
17.5 10.5 20.0 -
13.5 25.0 3.5 -
18.0 24 .5 38.0 -
Mean{SE) 15.4(1.4) 22.1(4.0) 30.8(4.8)
585.5 10.5 26.4 36.5 -
26.1 7.8 31.1 -
23.5 23.6 39.3 -
18.2 14.5 29 .4 -
Mean(SE) 19.6(3.5) 18.1¢(4.3) 34.1¢2.33
586.7 8.0 15.1 6.4 +
13.7 24,4 23.1 +
9.0 19.1 18.0 +
18.0 14.9 24 .4 -
Mean(SE) 10.2¢1.2) 18.4(2.2) 18.0{4.1)
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Table 15. Contlnued.

Fxperiment 5 - Rainbow Trout
cTY Percent Mortality Sign Test
wading Control 1.0 m 0.3 » {(L.0m > 0.3m = +)
91.9 1.0 3.0 5.5 -
1.5 3.5 9.5 -
2.5 8.5 6.5 +
Mean{8E) 1.5{(0.4) B5.3(1.5% 6.8(0.9)
136.5 2.5 3.5 3.0 +
1.5 6.0 4.5 +
1.0 3.5 2.0 +
Mean{SE) 1.9(0.4) 4.4{0.6y 3.8{(0.8)
279.8 2.0 10.0 5.5 +
3.5 4.5 9.5 -
3.6 10.0 16.5 -
1.0 6.5 5.0 -
Mean(SE) 2.4(0.4) 7.8(0.&y 7.9(0.8)
3190.9 5.5 22.0 18.5 +
6.5 19.5 28.5 -
6.5 12.5 11.5 +
6.0 17.0 19.0 -
Mean{SE) 6.1(0.2) 17.8(2.0) 19.4¢(3.5)
481.9 8.1 21.1 31.1 -
30.86 28.8 41.0 -
20.0 13.1 21.0 -~
15.9 45,0 L4 .2 +
Mean(SE) 18.7(4.7) 27.0{(6.8) 34.5¢(5.1)
5327.4 7.0 9.6 6.5 +
3.5 11.9 10.1 +
4.4 24. 4 14.86 +
5.5 6.4 16.7 -
Mean{S%E) 5.1{0

<83 13.1(3.9) 12.0{2.3
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Table 17. Weekly cutthroat trout tedd counts made on
Nelson Spring Creek, Montana from 3 June to 24

July 1987.
Section
Month Day 1 2 3 & 5 6 7 8 § 10 11 12 13 Totatl

June 3 0 O ¢ ¢ 0 o 0 0O 0 0 - - - Q
1o o 0 0 3 0 0 0 0 1 0o - - - &
17 0O 0 1 7 o 0 0 0 0 0 - - - 8
22 0 1 2 2 0 0 0 O 1 o - - - 6
300 06 2 3 0 0 0 0 3 o - - - 8
July 7 0 0 0 3 0 0 0 0 0 o - - - 3
14 o 0 0 2 0 6 0 0 0 0o - - - 2
24 ¢ 68 6 6 60 0 06 0 0 - = - 0
Total 0 1 520 0 0 0 0 3 0 0 6 0 31

{—) = not checked.
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Table 18. Number of reglstered anglers on the Dana ranch
and estimated angler use (min) in sections
3and b of Nelson Spring Creek, Montana between
28 February and 30 August 1986.

Dana
register Camera coverage
# Bank &
# Regi~ # Bank wading # Wading
sterad anglers anglers anglers

Week anglers {a) (a,b,c) {(b,e)

2/28~3/1 0 0 3(10,35,15) 0

3/2-3/78 4 1(5) 0 0

3/9-3/15 z 0 2(15,10,10) 0

13/16-3/22 © 0 0 4{60,35)

3/23-3/29 4 G 0 0

3/30-4/5 3 1{30) 0 1(5,5)

Lib=4/712 2 0 1(5,5,5) 0

4/13-4/719 0 0 0 0

47/20-4726 1 0 0 0

4f27-5/3 9 0 0 g

5/4=-5/10 5 1{13) 0 1{(16,0)

5/11-5/17 8 0 0 1(30,23)

5/18-5/24 ) G 0 1(5,5)

5/25-5/31 4 0 1(5,20,15) 0

6/1-6/7 10 1{15) 5{45,60,20) 0

6/8-6/14 i2 2{25}% 1{5,5,5) 1(60,0)

6/135=~6/21 7 1{25) 2(15,35,10) 3(130,55)

6/22-6/28 7 0 1(5,30,5) 7(165,40)

6/29-775 20 0 1(3,39,5) 2{(15,15)

7/6-7/12 20 1(5) 1(15,45,20) 0

F/13-7/19 26 2(25) 0 3(15,0)

7/20-7/726 44 3(25) 1(5,5,06) 6(90,25)

7/27-8/2 22 0 0 2(10,0)

3/3-8/9 13 0 0 2(25,10)

8/10-8/16 28 2(33) 0 0

8/17~8/23 31 1(15) 0 0

8/24~8/30 14 0 1¢(5,5,5) 1{5,0)

Total 299 16(220) 20{(135,285,115) 35(625,215)
(a) = estimated # of minutes fishing from the bank.
{b) = estimated # of minutes fishing from within the
stream (wading).
{(c) = estimated # of minutes fishing from within known

spawning avreasg {(wading).



