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To evaluate the disturbance of dewatering 

on the LCC riparian system, we used the 

following methods: 

Population censuses: Five 2-

member crews conducted population counts 

for three of the major obligate riparian 

species (Betula occidentalis, Populus 
natural ripanan 

angustifolia, and Cornus sericea) one high vee:etation in a section of the stream above the dam. 

elevation facultative phreatophyte (Acer glabrum) above the dam and below the dam. During 

the second year, censuses were also conducted on the above species plus Quercus gambelii 870 

ill below the dam and 450 m above the dam. This was done to collect data at approximately the 

same elevation (ca. 5100 feet). Finally, during 1997, community structure in the two sites was 

assessed using quadrat techniques. 

Diameter-Breast-Height (DBH) and health assessment of eottonwoods: Ten 100m 

transects were randomly chosen and sanlpled from the riparian zones above and below the dam 

and in Big Cottonwood. DBHs of dead (no vis able green organic material), half-dead (sparse 

visable green organic material) were recorded from Populus angusflfolia along each transect. 

Abiotic, macroinvertebrate, and vertebrate monitoring: At ten randomly chosen 

abiotic monitoring stations above and below the dam, ambient air temperature, water 
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temperature, soil temperature, soil pH, and water pH were measured at five points three times per 

week. Monitoring of macro invertebrate populations were made at tri-weekly intervals at each of 

the abiotic monitoring stations. These collections were taken to the lab where either total 
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numbers or biomass of total species were calculated. Vertebrate monitoring was conducted 

throughout the canyon as fieldwork progressed. Of particular interest was the presence or 

absence of such species as the American dipper (Cin/us mexicanus) which requires extensive 

wetland habitat for courtship, feeding, reproduction, and nest-building. 

Assessment of wood boring beetle damage: Ten cottonwoods above and below the dam 

were randomly selected to determine ifthere was a possible relationship between death of the 

cottonwoods and woodboring beetles. The total number of holes was recorded from eye-level 

down for each tree. 

Statistical analyses: All of the data, with the exception of the census counts, were 

subjected to statistical analysis using a variety of programs from either SAS or Minitab. 

Statistical significance was determined at an alpha level of P<O.05. Nonparametric procedures 

were also used to evaluate differences in the woodboring data from the two sites. 

Results and Discussion 

Population censuses: Fig. 3 summarizes the population censuses of the four selected 

tree species taken above the dam (open bars) and below the dam (shaded bars). It is clear from 

these data that dewatering has altered the riparian ecosystem by reducing the obligate species 

(riverbirches and dogwoods) and favoring facultative species such as maples. In fact, there were 

6x more riverbirches above the dam than below, while there were over SOx more dogwoods 

above than below. Alternatively, there were 2x as many maples below the dam as above. This is 

not too surprising since maples tend to invade riparian environments that have been significantly 

stressed. At a glance, it appears from Fig. 3 that dewatering had limited impact on cottonwoods 
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since there was only a 22 tree difference in the total number of cottonwoods above versus below 

the dam. However, data from the assessment of alive/deadlhalf-dead cottonwoods (Fig. 4) 

clearly indicate that more mature cottonwoods died below the dam (69%) than above the dam 

(39%). This indicates that there was 30% more cottonwood mortality below the dam than above. 

In fact, there was only 12% of them alive in the dewatered area compared to 43% alive above the 

dam. 
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Figure 3. Summary of census counts for riverbirches, dogwoods, maples, and cottonwoods. 
Ooen bars renresent counts taken above the darn. while the shaded bars are samples from below 
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Fig. 4. Percent of the cottonwoods that were alive (open bars), dead (stippled bars), and half­
dead (slant bars) above and below the dam. 

Population samples: The second year's data colleeted on sampling sites immediately above and 

below the dam (at ca. 5100 feet elevation for each site) clearly showed data that allowed the 
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investigators to come to similar conclusions (Tables 2,3) as for the population census data. The 

main difference in the 1997 data (Table 2) was that one more facultative species (Gambel Oak, 

Quercus gambelii) was added to the sampling regime. AIld the same was true for sampling of the 

healthy, damaged, and dead cottonwoods (Table 3). Even though the numbers were not exactly 

the same, the trends were in the same direction. For example, there were more facultative 

species and fewer obligate species fOUl1d in the dewatered section below the dam (Table 2) and 

more dead cottonwoods fOUl1d below the dam (Table 3). 

Table 2. Averages oftwo obligate riparian species and two facultative species fOUl1d in 870 
meters in the dewatered (below dam) treatment and 450 meters of in stream-flow (above dam) of 
Little Cottonwood Creek. The data were adjusted to allow for equal distance for each treatment 
for final evaluation. The values in parentheses represent percent of each species in the given 
tr t t d th t I b f .. b th ea men compare to eto a nurn er 0 species 111 0 treatments. 

Treatment Little Cottonwood Creek Survey 

Facultative Obligate 

Acer glabrum Quercus gambelii Cornus sericia Betula occidentalis 

Dewatered 67 (76%) 21 (84%) 1 (6%) 2 (9%) 

(Below Dam) 

Instream 21 (24%) 6 (16%) 18 (94%) 17 (91 %) 

(Above Dam) 

Table 3. Average counts of an obligate riparian species, Populus angustifolia (narrowleaf 
cottonwood) sampled from 870 m in the dewatered treatment (below dam) and in the instream-
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flow control (above dam) of Little Cottonwood Creek. Trees were assessed as to whether they 
were adults (greater than or equal to 15.1 cm in diameter or above breast height), saplings (at 
breast height), or seedlings (below breast height). Health of the trees was detennined in three 
categories: Healthy = no apparent damage to tree; Damaged = signs oflimb death or 
deterioration; Dead "" complete tree death ... no signs of green foliage. Parentheses indicates the 
percent of the adults that were healthy, damaged, and dead below and above the dam 

Health Survey of Health Status of Cottonwoods from Little Cottonwood Creek 

Dewatered (Below Dam) Instream Flow (Above Dam) 

Status 

Adult Sapling Seedling Adult Sapling Seedling 

Healthy 9 (12%) 2 44 50 (63%) 0 0 

Damaged 10 (13%) 0 0 12 (15%) 11 0 

Dead 56 (75%) 3 0 18 (23%) 3 0 

Our data are not too surprising, since Bradley and Smith (1986) have also come to the same 
conclusion as reported by Padgett et al. (1989): 

" ... regulating stream flows with dam structures may eventually lead to the 
elimination of cottonwood stallds. Without the periodic high water flows 
alld subsequent sedimem deposition, seedling establishmem is severely 
inhibited. " 

Thus, the greater number of large dead cottonwoods below the dam appears to be the best plant 

bioindicator of the riparian community's health and vitality. Moreover, obligate riparian species 

possess a network of surface roots that extend into the channel in the absence of continuous 

water, but have little capacity for taking up deeper groundwater. Thus, under the current 

regimen of restricted water it can be expected that more and more mature cottonwoods will die 
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Community structure: During 1997, there was a significant effort to partition (by 

quadrat analysis) the number of plant species within the communities in both the treatment and 

control sites to see how the structure of the two communities compared. Table 4 is a summary of 

that data. The take-home message of this table is that in the dewatered section of the stream 

channel, the quadrat frequency for grasses was 63% (Table 4, fourth column from the left) 

compared to 23% for the Instream section. This means that 63% of all the quadrats sampled 

below the dam contained grasses while only 23% of the quadrats above the dam contained 

grasses. Hence, there appears to be an invasion of exotic grasses into the dewatered section of 

the stream channel. 

All of the above data suggest that dewatering ofthe lower Little Cottonwood Creek has 

caused and is causing a shift from a Populus angustifolialBetula occidentals riparian community 

type (Padgett et. ai, 1989) to a mountain brush/grass environment. 

Table 4. Percent cover oflichens, moss, grasses, short forbs, tall forbs, shrubs, tree ground 
cover, and tree canopy cover. Percent cover was estimated by using one x one meter quadrats in 
the bankstream vegetation zone from 870 m below (dewatered) and 450 m above (instream-flow) 
thedam C uadrat frequency = # quadrats for a species/total No. quadrats. 

Treatment Percent Cover and Total Quadrat Frequency of Selected Plant Groups Sampled 

and data 
from Little Cottonwood Creek 

set per 

treatment Lichens Moss Grasses Short Tall Shrubs Tree Tree 

Forbs Forbs ground canopy 

cover cover 

Dewatered (This cell was intentionally left blank to separate the dewatered data from instream) 

(Below 

Dam) 
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% 0.4 3.8 10.9 4.3 3.6 21.2 19.5 39.2 

Cover 

Total 23.3 36.7 63.3 3.0 16.6 70.0 46.7 76.0 

Quadrat 

Freq. 

Instream (This cell was intentionaJly left blank to separate the instream data from dewatered) 

(Above 

Dam) 

% 0.0 9.6 3.0 3.6 3.0 12.5 7.7 55.6 

Cover 

Total 0.0 43.0 23.3 30.0 20.0 53.0 50.0 86.7 

Quadrat 

Freq. 

Assessment of woodborlng beetle damage: Other factors, such as woodboring beetles, 

could also contribute to cottonwood mortality. Table 5 shows a summary of the woodboring 

beetle holes counted in 10 randomly selected trees from each experimental site (above and below 

the dam). 
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Table 5. Counts of wood boring beetle holes from ten randomly selected dead cottonwoods 
above the dam and ten from below the dam 

Tree Number Number of Borer Holes PerTree Number of Borer Holes Per Tree 

(Above the Dam) (Below Dam) 

1 0 0 

2 0 0 

3 0 0 

4 0 0 

5 0 0 

6 21 2 

7 1 2 

8 1 1 

9 82 16 

10 127 2 

Totals: 232 23 

It would appear from these data that there was more damage from woodboring beetles above 

the dam (232 holes) compared to below the dam (23 holes) which is precisely the opposite we 

would expect if dead cottonwoods below the stream were the result of borer-damage. However, 

analysis of the data using several Nonparametric methods (e.g. Marm-Whitney) showed that 
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there was no significant difference in the number of holes in the two locations (P=O.8079). 

While this is a small sample size, these preliminary data suggest that woodboring beetles did not 

contribute to the inordinate cottonwood mortality below the dam. 
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Figure 5. A summary of the mean diameters in centimeters of cottonwoods sampled along 
transects from above the dam. below the dam. and the Big Cottonwood Canvon. Trees were 

DBH data and analysis: As shown above in Fig. 5, the diameters of alive trees from below the 

dam (21.4cm) were significantly smaller (P=O.OOOO) from alive trees counted above the dam 

(44.lcm) as well as those measured in Big Cottonwood (P=O.00l3). We believe the rationale for 

tlus observation is based on the fact that dewatering slows the growth of cottonwoods and 

possibly stunts their growth. In contrast, the diameters of dead trees from below the dam 

(39.7cm) were significantly larger (P=O.OOOl) from those in Big Cottonwood (26.4cm) and 

somewhat larger than dead trees from above the dam (31.9cm) but not significantly so. It is of 
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interest that there were clearly more larger diameter trees that were half-dead below the dam 

(46.1cm) compared to those either above the dam (33.5cm; P=O.0094) or in Big Cottonwood 

(31.7cm; P=O.05). And there was no significant difference in the diameters of half-dead trees 

compared above the dam to those in Big Cottonwood (P=O.19). This latter contrast strongly 

suggests that extensive dewatering over the last ten years has contributed to the lower drainage 

build-up of this stressed half-dead population and in the next few years will undoubtedly result in 

the complete mortality of these half-dead mature trees. 

Macroinvertebrate monitoring: Three major groups and one miner group of aquatic 

insects were found in LeC above the dam. These included stoneflies (Order: Plecoptera), 

mayflies (Order: Ephemeroptera), caddisflies (Order: Trichoptera), and the miner Order 

Blephariceridae. These insects, especially the first three taxa, are important decomposers ofleaf 

litter and thus are fundamental nutrient recyclers in the aquatic ecosystem. As primary 

consumers, these herbivores sit at the bottom of the foodchain and essentially stabilize the stream 

enviromnents as well as serving as a major source offood for fish. Moreover, these organisms 

are important bioindicators of pollution and ecological stress. During run-off and when water 

was released from the dam, all four of these taxa recruited into the stream within one to three 

weeks after water entered the channel. However, when the creek was dewatered, these 

organisms quickly died. The order of sensitivity to the dewatering was mayflies> stoneflies > 

blepharicerids > caddisflics. It appears that caddisflics have the greatest resilience to drying and 

dehydration because they tended to burrow into the stream substrate following water removal; 

but when the stream channel completely dried out they also died. We monitored the popUlations 

by measuring total biomass above and below the dam throughout the summer. When the data 

were plotted over time, total biomass above the stream was always significantly higher (P<0.05) 
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compared to populations below the dam. These 1996 data along with the 1997 results clearly 

show that these macro invertebrates can recruit new streams and over time would likely have 

caught up with the populations above the dam. However, alternate drying and flooding does not 

allow these insects to establish themselves. It is important to re-emphasize that these 

macroinvertebrates are a crucial component of the ecosysem because of their essential role in 

recycling of nutrients and as a major part of the foodchain. 

Vertebrate monitoring: Historically, the study area has been a resource for many 

vertebrates including fish, birds, mule deer, golden eagles, porcupines, raccoons, rodents, 

coyotes, and squirrels (Cruz 1995). During the study, however, only a few birds and fisb were 

obsen'ed below the dam. Cutthroat and rainbow trout were found in drying pools below the dam 

and we observed children gathering fish (some were 15-17 incb females) from these pools and 

placing them in the drainage above the dam. As noted by Cruz (1995), LCe fishery has been 

considered by the Forest Service to be only poor to fair. This assessment is largely due to the 

steepness and straightness of the stream and the paucity of pools for fish. However, below th.e 

dam the drainage is less steep and we have noted numerous potential fish pools when the water 

was flowing through the channel. Thus, this lower portion of the stream has potential for a good 

fishery if managed properly. 

Lack of continuous water flow below the dam has eliminated the American Dipper 

(Cinclus mexicanus). This bird feeds almost exclusively on macroinvertebrates (by diving to the 

bottom of the stream) and builds its nest totally out ofbryopbytes (mosses) botb of which are 

obligate species. In short, this species' courtship, behavior, feeding, reproduction, and nesting is 

intimately connected with the riparian connnunity. Two pair of these birds and tbeir nests were 

monitored for three months in the 1.6 mile section above the dam. One nest was located in the 
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upper edge of the treatment site and the other nest was located directly on the dam. One nest 

(upper location) fledged three young during July. None of the parents were observed below the 

dam even during overflow or run-off. Given enough time and an appropriate amount of 

continuous water (see recommendations in the Conclusions section), however, there is enough 

potential habitat and niche-opportunities in the lower drainage for two pair of cinclids ... and the 

myriad of organisms associated with them. In Logan Canyon, Blakesley (1987) has noted that 

yellow-bellied sapsuckers, dusky flycatchers, black-capped chickadees, house wrens, Swainson's 

thrush, warbling vireos, and yellow warblers were more closely associated with deciduous tree 

communities than with shrub-dominated community types. Thus, Increased biodiversity would 

bethe end result if the riparian community was restored. 

Abiotic factors: All of the abiotic factors were analyzed using ANOV with the general 

linear model. Changes in soil temperature (Fig. 6) over time between the two sites during 1996 

were significantly different before dewatering (P=O.OOOl) with an average change of5 C. This 

difference was likely related to changes in altitude between the two sites. However, during the 

dewatering period (Fig. 6, see water cut-of£), there was an average significant (P=O.OOOl) rise of 

9 C below the dam compared to above the dam. Dewatering thus caused a net 4 C rise in soil 

temperature below the dam. During the second year (1997), there was apparently only a net 

increase of about 2 C for soil temperature probably due to the intermittent flow of the stream 

during 1997 which did not occur during 1996. 
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Air temperature (Fig. 7) was also affected by dewatering during the first year. As noted 

in the soil data, air temperature was significantly (p~O.OOOl) higher below dam compared to 

above. The average net change was 3 C. After dewatering, there was a significant (p~O.OOOI) 

average net increase in air temperature of 4 C. In 1997, the net increase above the dam was 

about 2 C ... again likely related to the intermittent flow of the water during the summer months. 

All of the other abiotic factors (pH of water, soil pH, and water temperature) were not 

significantly affected by the dewatering for either year. 
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Figure 6. Changes in soil temperature above the dam (open circles) and below the 
dam (solid circles) followed as a function of time. Samvline:began on 15 Mav 1996 
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Figure 7. Airtemperalure changes above (open circles) and below (solid 
circles) the dam followed as a function of time. Dewatering occurred on 
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ConclusiQns and RecQmmendatiQns 

LCC is one Qfthe most beautiful riparian environments in the entire State of Utah and 

attracts thousands Qf tourists and residents for a variety of reasons including historical, aesthetic, 

and recreational purposes. As such, this canyon (especially the entrance) is a shQwcase fQr Qur 

visitors and deserves our best attention to make it as attractive and productive as possible. 

Overall, dewatering has virtually eliminated the riparian environment by causing a shift 

in the community structure. In particular, dewatering of the lower LCC has resulted in a 

significant decrease of obligate species such as dogwoods and riverbirches commensurate with 

the an'ival of invasive forbs, grasses, trees and other facultative species. In time, the entire lower 

drainage will be converted to a mountain brush! grass habitat. 

Cottonwoods were elearly redueed in the lower drainage due to lack of water and seemed 

to be a major bioindicator of health and vitality for the riparian community. Preliminary data 

suggests that WQodboring beetles were not a significant factor in the demise of the cottonwoods. 

In addition, the dead cottonwoods below the dam were larger in diameter than in the control sites 

suggesting that these mature trees were the major inadvertent target of dewatering. Continued 

dewatering will undoubtedly cause increased mortality of this obligate species. 

Macroinvertebrates were completely eliminated with dewatering, but the major 

invertebrate taxa appcar to be able to recruit back into the stream during runoff and overflow. 

TIlese major taxa included stone flies, mayflies, and caddisflies. Re-establishment of these 

primary consumers will enhance recycling of nutrients in the lower drainage community and 

reconstruct an important food-chain. 
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Many vertebrates including American Dippers and selected trout species have also been 

completely eliminated by lack of water, but may be re-established in the community given the 

return of some water into the channel. 

Restoration of the dewatered portion of Lee must begin with the return of some 

perennial flow. Instream flows could be monitored by a weir that would allow the minimum 

stream flow over the catchment at the Whitmore Oxygen Plant. 

A proposed instream flow of6.6 cfs from October to March and 9.9 cfs from April to 

September may pennit rehabilitation of the riparian ecosystem. A flow of 6.6 cfs is 10% and 9.9 

cfs is 12% of the average instrearn flow of66.6 cfs for Lee. A flow of220 cfs for nine days 

would be required to mimic peak snow melt runoff. Such armual flooding is the primary seed 

dispersal mechanism for many riparian species and would also allow redistribution of bed 

deposits. These water-changes, would, of course, have to be monitored to insure that these 

minimum stream flows will be sustained by the chwmels. However, we believe that the 

alternative instream flows suggested here may be adequate to support the retuDl of the total 

community. In addition, it will be essential to monitor the vertebrate, vegetation, and 

invertebrate species over time to be sure eeological restoration is occurring. A new generation of 

Populus angustifolia is already appearing along portions ofthe lower drainage, but seasonal 

dewatering makes it unlikely that any of these young trees will reach maturity (Fig. 8). This plan 

may not require any manual re-seeding of the drainage because of the natural reeruitment of 

these young seedlings (Fig. 8). Again, we emphasize the need for eontinuous monitoring over 

the next few years to be sure restoration is occurring. 
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Figure 8. of Populus angustlfolia appearing 
of the Little Cottonwood dxainalle below the dam. 

It is clear that releasing water into the lower drainage will require some mechanism to 

pay for the loss of hydropower. Several options could be pursued. One of the most reasonable 

ways may be to have an additional surcharge added to a monthly utility bill. And if tbis 

surcharge could be spread throughout the Intermountain area (not just Murray City), it would 

not be a serious financial burden for any group of residents considering the enonnous 

recreational and ecological benefits to the State of Utah. We believe that this decision would set 

the stage and would serve as a model of how the cooperative efforts of science and communities 

can come together to manage river systems throughout Utah. 
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