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ABSTRACT

As part of mitigation efforts for inpacts of Cheyenne,
Wonmi ng's Stage Il transbasin water diversion project, the South
Fork of Mddle Crow Creek (SFMCC), a previously epheneral stream
is being used to convey water and create fish habitat. After two
years of enhanced flow the anount of stream channel has increased
31% whi | e beaver pond habitat has nore than doubl ed. Brook trout
have been stocked into the beaver ponds and provide sone fishing
opportunity. Limting factors in the systeminclude interrupted
fl ow, discontinuous channels, and sumrer water tenperatures in
excess of 75° F. Analysis using the Physical Habitat Sinulation
Systemindicates that a flow of 2.5 cubic feet per second woul d
maxi m ze the amount of brook trout habitat in the SFMCC under
present channel conditions.

I NTRODUCTI ON

Wth the ever increasing demand for water in the western
United States, nore efficient utilization of existing supplies is
needed. A goal of any water devel opnent project should be to
maxi m ze benefits to the greatest nunber of water users. These
wat er users generally fall into four nmain categories; 1)
agriculture, 2) nmunicipalities, 3) industry, and 4) recreation.

A common nethod for a nmunicipality to obtain water for its use by
transbasin diversion. Such projects can have dramatic effects on
the streansi de zone bel ow t he point of diversion by reducing or



elimnating streanflow, resulting in inpacts to the riparian and
aquati c resources.

Di verted water supplies are usually conveyed by nmeans of
ei ther pipelines or open channels. An alternative nmethod for
conveyance i s by using natural watercourses. |If epheneral
streans are used, and flow rel eases are controlled and mnai nt ai ned
year-round, new riparian and aquatic habitat can be created. To
date, such a strategy has received little attention. Currently,
however, the city of Cheyenne, Woning is pursuing such a
strategy as one nitigation nmeasure for its water devel opnent
progr am

Currently, a conprehensive study is underway at the Wom ng
Wat er Research Center to assess the results of this action and
the feasibility of applying this strategy to other watersheds.
The overall project is focusing on defining conveyance
ef ficiency, channel devel opnent, groundwater storage, alteration
of riparian vegetation, and fornmation of trout habitat. This
paper di scusses the fornmation of trout habitat in the watershed
after two years of enhanced flow. This part of the project was
done in cooperation with the Woni ng Cooperative Fish and
Wldlife Research Unit (Wl ff 1987).

DESCRI PTI ON OF STUDY AREA

The stream sel ected for flow enhancenent was the South Fork
of Mddle Crow Creek (SFMCC) and one of its tributaries. The
SFMCC is located within the North Platte R ver basin of southeast
Woning, 20 niles east of Larame. The headwaters of this once
epheneral streamrise on the east slope of the Sherman Mount ai ns
at an elevation of 8,200 ft above nean sea level. The drainage
runs in an easterly direction for 10 mles to its confluence with
the Mddle Fork of Crow Creek between Granite Springs and Crystal
Lake Reservoirs. The upper 5.5 nmiles of streamis |located within
t he boundari es of the Mdici ne Bow Nati onal Forest, while the
lower 4.5 mles is on private land. For this project, the
primary study area has been limted to the portion of the SFMCC
wat ershed that is | ocated on national forest |ands.

Historically, the SFMCC was an epheneral foothills stream
which flowed primarily in response to spring snownelt and intense
sumer thundershowers. Scattered springs and seeps throughout
the drainage provided linited areas of surface fl ow during non-
runof f periods. Only a portion of the drainage had a defined
stream channel

Muni ci pal water was first released into the SFMCC during the



| ate summer of 1985. Presently, one cubic foot per second (cfs)
is being discharged into both the main and tributary channel s,

wi th maxi mum potential releases of five and three cfs,
respectively. 1In conjunction with the flow augnentation, six

i vestock exclosures were established in the | ower reaches of the
study area to provide protection for the devel opi ng aquati c and
riparian, resources.

No fish were observed in 1985 within the study area. Brook
trout (Salvelinus fontinails) were seen in the SFMCC prior to
fl ow augnentati on outside the study area near its confluence with
the Mddle Fork of Crow Creek. A total of 1,700 fingerling brook
trout were planted in seven beaver ponds in the | ower reaches of
the SFMCC by the Wom ng Gane and Fi sh Departnent in June of 1936
and 1987.

METHODS

Si x Parshall flunes were installed on the SFMCC in 1985 and
1986 to nonitor the hydrol ogi c response of the watershed to
enhanced flow. Flunmes were equi pped with water stage recorders
for continuous nonitoring. A thernograph was installed in 1987
in the | ower channelized sections of the SFMCC to nonitor stream
t enper at ur e.

Eval uati on of fish habitat devel opnent on the SFMCC was
divided into two categories, neasurenent of stream habitat and
nmeasur ement of ponded habitat. W rk began in both areas in July
1935 as part of a baseline survey done on the SFMCC

Ten Ceneral Habitat (GH) sites were established in reaches
of well devel oped channel and sanpl ed annually from 1935 t hrough
1987. The purposes of the GH sites were to estimate the
suitability of the stream sections for sustaining brook trout.
Each GH site consisted of three channel cross-sections
permanently marked with steel stakes (headstakes) on both the
right and |l eft banks. Cross-sections were placed 5-7 channel
wi dt hs apart so that the length of the entire reach was 10-14
channel widths. A permanent benchmark was established at each
site to ensure that the el evations of the headstakes did not
change during the course of the study.

Sanpling at GH sites consisted of attaching a neasuring tape
across the top of a cross-section and neasuring tape hei ght,
wat er depth and water velocity at 10-15 points across each
transect. Channel width, wetted wi dth, dom nant substrate and
cover were also neasured at each cross-section



Wesche (1980) developed criteria for water velocity, water
depth and substrate to assess habitat suitability for brook trout
i n sout heastern Wom ng streans. These criteria are presented in
Table 1. To assess the habitat suitability of the SFMCC at each
GH site; mean velocity, mean depth and dom nant substrate type
were cal cul ated for each cross-section at each GH site in both
1985 and 1987. An evaluation was then 'nade to deternine how many
of the measured paraneters at the GH site were within Wsche's
(1980) criteria in each year.

To assess stream habitat quality two habitat nodels were
used; the Habitat Quality Index (HQ) (Binns and Ei serman 1979,
Bi nns 1982) and the Modified Habitat Quality Index (MKQ ) (Kosel
1987). Both habitat nodels (HQ and MHQ ) were applied to two,
300 ft streamreaches on the SFMCC, one | ow gradi ent and one
noderate gradient, in 1986 and 1987.

The HQ was devel oped by the Wom ng Gane and Fi sh
Departnent to predict potential standing crop in Womni ng trout
streans. Kozel (1987) nodified the variabl es and equations of
the HQ for use on streans |ocated in the Medici ne Bow Nationa
Forest. The MHQ has separate equations for different trout
speci es and channel types, classified follow ng Rosgen (1985).
For this study Kozel's nodels for brook trout in | ow gradient (<
1.59%9 and noderate gradient (1.5%to 4.0% stream channels were
used.

Habi t at - di scharge rel ati ons were devel oped for four sites on
the SFMCC using the Physical Habitat Sinulation System (PHABSI M
devel oped by the U.S. Fish and Wldlife Service (Bovee 1982,
M | hous et al. 1984). Habitat analysis was done for both adult
and spawni ng brook trout. Habitat utilization curves for use in
PHABSI M wer e devel oped fromdata in Reiser and Wesche (1977) and
Wesche (1980). These data were obtained fromfish populations in
nearby simlar streans.

TABLE 1. Stream habitat suitability criteria for brook
trout (Salvelinus fontinalis) fromWsche (1980).

Par anet er Criteria
Water velocity (fps) 0.0 - 1.50
Water depth (ft) > 0.4

Domi nant substrate (% gravel and rubble) > 50




The quantity and quality of beaver pond habitat was neasured
in 1985, 1986 and 1987. Surveys were nade to determ ne the
| ocation, nunber and size of existing ponds. Ponds greater than
0.1 acres (surface area) were mapped to determ ne actual surface
area, water surface elevation and nmean depth. Mappi ng was done
usi ng standard transit-stadia survey techniques. Snaller ponds
(< 0.1 acre) were noted as to size and | ocati on.

To evaluate the habitat quality of the SFMCC ponds,
compari sons were nmade to other ponds in the Pole Muntain
Recreation Area for which standing stock estinmates have been
made. Al so, Wnkle (1988) devel oped a nethod to predict standinc
stocks in Wom ng beaver ponds. Though final results of that
work were not conpleted in time for use in this study, nuch
information fromWnkle (1988) was used to assess the SFMCC
beaver ponds as brook trout habitat.

To determ ne the survival of the stocked brook trout in the
beaver ponds, the largest pond in each conplex was sanpled with
two gill nets (30 x 3 ft, 4 panels of .25, .5, .75 and 1.0 inch
nmesh) set overnight in Septenber 1987. Data on |engths and
nunber caught were recorded.

RESULTS

Mean monthly flows (not including periods when di scharge was
zero) for stream gages operated on the SFMCC ranged from0.4 to
1.7 cfs The duration of periods when flow into the SFMCC was
turned off during the course of this. study ranged, fromtwo to 31
days, and totaled 121 days (15% during the first 27 nonths of
fl ow enhancenent .

Since flow augnentation began In 1985, 31% nore stream
channel (1,969 ft) has devel oped, though only 32% (8,404 ft) of
the valley floor within the study area is channelized. O the
1,969 ft of new channel, alnost all of it devel oped by
downcutting. In 1987, surveys indicated that in several of the
unchannel i zed neadow areas the water was becom ng nore confined
(i.e. decreased top width, increased velocity, increased depth),
a precursor to channel devel opnent.

In 1985, 39 of a possible 90 (43% neasured habit at
paraneters fell within the suitable range. By 1987, 72 (80% of
the nmeasured paraneters fell within the suitable range. The
great est change took place in dominant substrate, which went from
3 transects within the criteria in 1985, to 27 within the
sui tabl e range by 1987.



All habitat quality ratings at the noderate gradient site
were the sanme in 1936 and 1987, so standing stock predictions
were the sanme for both years. These ratings yielded estinmates of
100 I b/acre and 47 | b/acre for the HQJ and MHQ , respectively.

At the low gradient site a |arge discrepancy in standing stock
esti mates between the two nodel s was shown. The HQ standing
stock estimate at the |ow gradient site was 21 | b/acre in 1986
and 37 I b/acre in 1987. The MHQ estimate for the same site was
485 | b/acre in 1986 and 401 I b/acre in 1987. The increase in the
HQ , and the decrease in the MHQ estinmates, was due to an
increase in the anmount of cover fromthe first to the second
year. The principal reason for such a large difference between
the results of the two nodels is that the MHQ does not have a
component to rate streamtenperature like the HQ. Late sunmer
stream tenperature in the | ow gradient section of the SFMCC
exceeded 25° F, beyond the suitable for brook trout.

The PHABSI M anal ysi s showed that the maxi num anount of adult
habitat (reported as wei ghted usable area) in the SFMCC occurred
at a discharge of 4.5 cfs, while the maxi rum anmount of spawning
habitat occurred at a discharge of 0.5 cfs. The maxi num
conbi nation of both adult and spawni ng habitat occurred at a
di scharge of 2.5 cfs

Al'l beaver ponds on the SFMCC were within three pond
conpl exes. The anount of beaver pond habitat on the SFMCC
increased in both 1986 and 1987. The increase was due to both an
increase in the nunber of ponds and an increase in the size of
exi sting ponds, in 1985, there were eight beaver ponds with a
total surface area of 1.5 acres; in 1986 there were 14 ponds with
1. 65 acres; and by 1987 there 24 ponds (an increase of 300% from
1985) having a surface area greater than 3.1 acres (an increase
of over 100% from 1985).

Al t hough standi ng stocks in beaver ponds on the SFMCC are
not known, data from Wnkle (1988) indicate that simlar ponds in
the Pol e Mountain Recreation Area have standi ng stocks rangi ng
from1l to 55 | b/acre. However, the SFMCC ponds are unique in the
relatively high and constant flow of water they receive. Wnkle
(1988) found that stable water levels in beaver ponds of this
area is correlated with high brook trout standing stock. The
enhanced flow on the SFMCC should result in stable water Levels
in the beaver ponds and possible result in relatively high
st andi ng st ocks.

O the three ponds sanpled by gillnets, only the ponds in
compl exes two and three were found to contain brook trout. Fish
caught in conplex two showed two distinct size classes, one at
7.5 inches and another at 12 inches, although only two fish were
in the larger size class. Only one size class (7.5 inches), was
found in conplex three. These data seemto indicate that fish



survived both the 1986 and 1987 stocking in conplex two, but only
the 1987 stocking in conplex three.

DI SCUSSI ON

Stream habitat on the SFMCC had not changed a great dea
after two years of enhanced flow. The overall |ength of
devel oped channel increased 31% Few ot her studies are known
that have dealt wi th channel changes due to fl ow enhancenent
(Kellerhals et al. 1979, Bergman and Sul | ivan 1963), and no
studies were found that deal with controlled flow rel eases into
epheneral stream channels for mtigation purposes. Overall, only
32% of the valley length within the study area has a channel
nost of which is in the higher gradient sections of the SFMCC
but there are indications that nore channel will formin the
com ng years. The devel opment of a channel in the | ower-
gradi ent, nmeadow sections of the drainage will probably occur
when the root nmasses of the nmeadow vegetation deteriorate to
al | ow erosive processes to take over.

Based on habitat anal ysis, using both transects (GH sites)
and nodels (HQ and MHQ ), stream sections of the SFMCC seemto
be suitable for brook trout. However, there are three factors
limting establishment of a fishery on the SFMCC -- interrupted
flow, discontinuous channels and hi gh sumrer water tenperatures.

O the three factors felt to limt the devel opnent of a
sport fishery in the SFMCC, two are expected not to be probl ens
in future years as the channel system devel ops. The devel oped
channel on the SFMCC i s not continuous, but occurs in sections,
so the availability of nost of the stream habitat to brook trout
is currently limted to stocking. However, as stated earlier, it
is expected that channel will continue to develop on the SFMCC
and will eventually be continuous throughout the system

Sunmer water tenperature appears to be a problemin the
| ower reaches of the SFMCC. Water flows through | arge,
unchannel i zed neadows where it warnms consi derably before running
into the downstream sections. Maxinmum suitable water tenperature
for adult brook trout is reported to be 75° F (MacCri nmon and
Canpbel | 1969). In August 1987, stream tenperatures were
recorded in excess of 75° F on several occasions. Using a stream
tenperature nodel devel oped by the U S. Fish and WIldlife Service
(Barthol ow 1985), predictions were made of maxi mum stream
tenperature on the SFMCC assuming that the entire valley length
was channelized. This nodel indicated that tenperatures would
not exceed 65° F. So, if a channel does develop along the entire
l ength of the SFMCC study area, water tenperature should no



longer be a limting factor. Also, if the tenperature rating in
the HQ is adjusted to reflect the predicted 55" F nmaxi num stream
tenperature, the standing stock estimate at the | ow gradient
reach increases to 205 | b/acre, nore simlar to the MHQ

esti mate.

The results of the PHABSI M anal ysis are Inportant fromthe
city of Cheyenne's perspective. The discharge on the SFMCC which
nmaxi m zes fish habitat is about one-quarter of what could be
required for release. This could significantly reduce the anmpunt
of water lost to the city through conveyance and increase their
econom ¢ benefits. However, it should be noted that as the SFMCC
channel changes over tinme, the optinumdischarge (in regards to
fish habitat) w Il probably change al so.

In contrast to the streamhabitat, a large increase in the
anount of beaver pond habitat, 300%in the nunber of ponds and
over 100%in surface area, was seen from 1985 to 1987. This is
i mportant because it is beaver pond habitat that supports the
sport fishery for brook trout in the Pole Muntain Recreation
Area (Call 1960 and 1966, MDowel|l 1975, Snigg 1986).

The deciding factor on whether or not the SFMCC devel ops
into a productive sport fishery, and thus making this mtigation
attenpt a success, is obtaining the uninterrupted flow that is
called for in the project plans. The frequency and duration of
interrupted discharge during the first two years indicated that a
productive fishery will be severely limted if current water
nmanagenent policies are maintai ned for the SFMCC.
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