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ABSTRACT

A study was conducted on Blacktail Creek in southwestern Montana from
May, 1966, to September, 1967, to determine the effects of controlled flow
reductions on the ecology of aguatic insects. Two riffles were selected
for study: one served as a control, and the other, the test riffls, was
subjected to flow reductions of 75 and 90% during the swmmers of 1966 and
1967, respectively. Four samples of aguatic insects were collected with a
Surber sampler along a transect in each riffle on each sampling date.
Samples were collected bimonthly during the periods of dewatering and
monthly during the period of natural flow, Thysical and chemical data
were collected on each sampling date. Average depth, average water
velocity, and water volume were the physical parameters mogt aflfected by
flow reductions. During the period of 75% dewatering, aguatic insect
populations in the control riffle increased, while those in the test rifile
remained stable. Insect densities in the test riffle, relative to those
in the control riffle, were higher during the period of 75% dewatering
than during the full-flow period. A decline in the numbers of aquatic
insects/mg in the test riffle was associated with the resumption of
natural flow conditions. Tobal numbers of insecis 1n the test riffle
did not reach their initial high veluve until two months after the initial
high was reached in the test riffle. Trichopters were affected most by
flow reductions,



INTRCOUCTION

The summer Tlows of many streams in the western United States are re-
duced by the diversion of water for irrigation. In 1965, the Montana Fish
snd Game Department sponsored studies on Blacktail Creek in southwestern
Montana to determine the effects of reduced flows on fish populations.
Water was diverted from a portion of the stream to simulate conditions that
might occur from dewatering for irrigation. During the first summer of the
study some aguatic insects were stranded by dewatering and sedimentation
increased in some areas. My study was initiated to determine the effects
of reduced fliows on the habitat and dynamics of aguatic insect communities.
ield work was conducted from May 6, 1966, through September 1, 1907.

Populations of aquatic insects are affected by stream Tflows. Surber
(1536), Tarzwell (1937), end Logan (1963) showed an inverse relationship
between numbers of insects and flow, and suggested a scouring effect.
Irving and Culpin (1956) showed that diurnal water level fluctuations below
a dam in Idsho reduced the production of aguatic bottom invertebrates.
Towell (1948) compared aguatic insect populations below a power dam 1n
Colorado with those above the impoundment. In the area below the dam,
subjected to large diurnal and reduced minimum flows, welghts of popu-
lations were less, individual organisms were smaller, and there were
severe reduchtions in the numbers of mayflies, stoneflies, and caddisflies.
Briggs (1948) reported the numbers and weights of bottom organisms Lo be
much grester below a percolatlon dam in California than above and at-

trihuted this te the gtabilization effect of the dam on water Tlows.



METHODS

he test riffle was selected in the uppermost sectlon (A, Fig. 1) of

=

the 52 m portion of the stream used for the fish population studies con-
ducted by Wipperman (1966, 1967) of the Montana Fish and Game Department
and Kraft (1968). A dewatered stabte was maintained throughout a three
month summer period by diverting & percentage of the calculated base flow
of ©.90 mB/sec= The base flow in Section A wasz reduced 75% to .22 mg/sec
from May 23 to August 23, 1966. Flow was decreased 90% to 0.09 ms/sec from
July 2 to Sepiember 3, 1067. Another riffle, the control, was selected
upstream in an area free from dewatering influences (Fig. 1),

Three 0.3 mg samples of the stream bottom were collected along a
transect in each riffle with a Surber sampler. Material was collected Lo
2 depth of about 7.5 cm in the test riffle, bubt only to 5 cm in the control
riffle due to the presence of bedrock. The samples from each riffle were
dried and put through a series of Tyler soll screens to separate them into
seven size categories. The volume of each size calegory was determined by
displacement of water and its percent of the total volume calculated,

Aguatic insect samples were haken with a Surber sampler. The lowver
end of each riffle was sampled first so upstream areas, to be sampled later,
would not be disgturbed. Four 0.3 m2 samples, spaced 0.6 m apart along a
transect, were collected in each riffle on each sampling date. Areas with
large amounts of aguatic vegetation or large rubble were avoided. Suc-
ceeding samples were taken in a similar manner on transects established

about C.6 m upstream from the preceeding one. After seven months of
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szmpling, the upper ends of the riffies were reached and collections were
tzken at the downatream ends but were staggered so thal sample sites in
the second series fell between those of the first series (Fig. 2). Samples
were collected every two weeks during the periods of dewatering and every
four weeks during natural flows (August 26, 1966, to June 25, 1967) except
in June, 1967, when high spring flows prevented sampling. Hereafter, the
three above mentioned Tlow periods will be referred to as the period of
75% dewatering, 909 dewatering, and full-flow.

A total of 168 samples were collected (84 from each riffle) on 24
sampling dates. Samples were placed in plastic bags, preserved in 10%
formalin, then later sorted to Order, counted, and pregerved in 70%
alcohol. Volumes of insects were determined to the nearest 0.1 cc by
displacement in 70% alechol. Trichoptera cases were not included in
volumetric measurements. Numbers and volumes of insects from the test
riffle were compared to those from the control riffle by flow period with
an analysis of variance test. 8Significance is reported at the 1% ievel
unless otherwise stated. Ingects from three selected sampling datesg
(March 24, July 7, and September 1, 1967) were identified to species where
practicable.

Physical and chemlcal data were collected on each sampling date.
Flows wers calculated from veloclty and depth measurements taken with a
Gurley current meter at 0.3 m intervals on a transect across the stream.

Velocities were obtained at 0.4 the depth of the water. The velocity and
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transects and the sequence in which they were establlished.
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depth at each sample site were recorded. Water temperatures were recorded
on Taylor thermographs durlng the dewatered periods. Maximum-minimum
thermometers were used throughout the full-flow pericd and were read on
each sampling date. A model DR-EL Hach kit was used to determine dissolved
oxygen, ailkalinity, pH, and turbidity on each sample date.

Maps were constructed of both riffles when flow was near the calculated
bage of .50 mg/sec and of the test riffle when the flow was reduced by 75

and 90%. A polar planimeter was used to determine the area of the watered

zones under each flow condition.



DESCRIPTION OF STUDY AREA

Rlacktail Creek originates from three major tributaries in south-
castern Beaverhead County, Montana (Fig. 1). The tributaries head at an
elavation of about 2400 m in the snowfields of the Snowcrest Range, a
series of mountains composed of folded and faulted sedimentary rock from
the Precambrian to Upper Cretaceous FPeriods (Klepper, 1950). Blacktail
freck ie formed where the East Fork joins the cowbined flows of the Middle
and West Forks at an elevation of about 1900 m. Blacktall Creek flows
northwesterly 45 km through coniferous forests which merge with sagebrush
and grassland hills. It drains an ares of about 808 k' and empties into
the Beaverhead River, about 3 km southeast of Dillon, Montana.

This creek flows through a broad valley capped with coalescent
alluvial fang which head at the mouths of the many gulches {Alden, 1653 ).
Tt meanders through a well defined channel of Tertiary deposits of glacial
utwash, sand, and gravel {(Alden, 1953) that is lined with willow*(§g§1§

interspersaed with groves of cotionwood (Populus sD. ).

n
e
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Blacktail Creek is characterized by high spring runcffs with low
flows the remainder of the year (Pig. 3). The United Stateg Geological
Survey operated a gage stabion about 13 k¥m below the study area from
January, 1947, through September, 1966. The highest mean monthly flow
(6.6 mB/sec) for the 19 year period 1947 through 1965 was recorded in
June, 1964, The lowest mean monthly flow (0.4 mg/see) was recorded in

January and February of the same year.
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Figure 3. Mean monthly discharges for 1966, 1967, and the 19 year average.
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In 1966 flows at the gege statlion were below the 19 year average,
Total precipliation, measured at the Dillon WMCE Recording Station in
Dillon, was 13.8 cm below the 194T7-1965 average.

No USGS flow data were available Tor 1967, but a comparison of flows
obtained from a water stage recorder in the study area to the 19 year
average ab Lthe gage statlon Indicated above average Tlows for that year.
Flows in the study area from June through August, nearly paralleled the
19 vear average obbtained 13 km downsgtream. Total precipitation at Dillon
for the Tirst nine months of 1967 was 5.4 cm above the 19 year average.

The study ares (Fig. 1) was located above lrrigation diversions and
about 35 lun soubneast of Dillon on the upper half of Blacktail Creek
(T7.108., R.7W., Secs. 11 & 13). The elevation at this site is about 1840
m and the stream gradient is 7T m/kmm The major land use consisted of
livestock grazing and haying of native meadows. Kraft (1968) listed the
dominant plant species in the area, The test riffle was located about
150 m (stream distance) below the headgate controlling flows in the
section. The control riffle was situated about 625 m above the test
riffle (Fig. 1).

The physical and chemical characteristics of both egfudy riffles under
natural flows ars presented in Pable I. On the average, the test riffle
was wider but shallower than the contreol, and contained 23% less voluue,

Average Tflows were about 0.08 ma/sec higher in the test riflie than Iin the
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Table I. Average values (ranges) of physical and chemical characteristics
of study riffles.

Environmental Factorg® Control Riffle Tegt Riffle
Physical
Width {m)¥* £.8 { 6.4 to 7.2 ) 7.5 (7.0 to 7.9 )
Depth {com)** o 20.7 { 9.2 to 45.8 )} 15.9 ( 0.0 to 36.6 )
Water Surface Area {(m ) 22.50 22.80
Water Volume (m3) L,61 3.57
Water Velocity (m/sec) 0.45( 0.06 to 1.15) 0.47( 0,05 o 1.35)
Tlow (m3/sec) 0.48( 0.31 to 1.16) 0.56( 0.39 to  0.84)
Pemperature (C) h.9 (~0.7 to 16.9 ) h.g (~0.7 to 16.6 )
Turbidity (pom) 11,8 { 0.0 to 60.0 ) 13.1 ( 0.0 to 62.5 }
Bottom Materials
Clasgs Size (mm) Percent of Total Volume
Rubble Gl o
Large >152 18 16
Small 76.0 ~151.9 36 28
Gravel L 55
Large 19.0 -« 75.9 3h bl
Small L7 - 18.9 10 11
Sand <L.6 2 1L
Chemical
Dissolved Oxygen (ppm) 11.7 ( 8.2 to 15.5 ) 11.9 ( 8.5 to 15.0 )
Alkalinity {(ppm CaC03)
FPhenoliphthalein 0.0 ¢.0
Methyl orange 173.0 (140 to 190 ) 178.6 ( 145 to 200 )
oH 8.49( 8.30 to B.68) 8.4k5( 8.30 to 8.57)

* A1l measurements except those of width, depth, and bottom materiszls are
based on the 11 samples collected throughout the full-flow period (August
26, 1066 to June 25, 1967).

3 . .
#% Measurements based on flows of abouft 0.9 m~/sec in each riffle.

control due to accretions from groundwater end the presence of a small
spring creek which entered Blacktail Creek midway between the two study
riffles. Aversge water velocity in the two riffles was nearly the same.

The control riffle contained 10% more rubble and 11% less gravel than the
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test piffle, however, this may have been due in part to the fact that =sach
riffle was sampled Lo a different depth. Turbildity, dissolved oxygen,
alkalinity, and pH readings were gimilar for both riffies. Water tempera-
tures in both riffles had the same seasonal trends with the lowest readings

in December and the highest in July and August (Fig. b).
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Figure 4. Monthly water temperatures in the study riffle.



RESULTS

Phygical Changes in the Test Riffle
The effects of flow resductions on veloclty, depth, width, water
surface area, and water volume of the test riffle are shown in Flgures
2, 5, 6, 7 and Table II. Flow reductions of 75 and 90% had the least
effect on average width of the walered area and surface ares of the water.
Table TT. Physical characteristics of test riffle near base flow (0.95

m3/sec) and flow reductions of 75% (0.22 m3/sec) and 90%
(0.09 m3/sec).

Tlow Condition Average Water Burface Water
- - Veloecity Depth Width Area Volume
m/sec cm m me 3
Base Flow 0.61 15.9 7.k 208 3.57
75% Dewatered O hh 7.6 6.0 18.8 1.he
20% Dewatered 0.16 5.5 L8 15.k4 0.8L

Average width was reduced by 19 and 35% =t the respective flows, while
surface area decreased 18 and 32%§respectively. Average depth, water
veloclty, and water volume were the parameters most affected. Average
depth was reduced by 52 and €5% at the respective [low reductions. The
effect of a 90% flow reduction on the cross-section of the test riffle is
shown graphically in fMgure 7. Average water veloclty was reduced 28% at
& flow reduction of 75%9 but was decreased 7LY at s 90% flow raduction.
Water volume (the product of average depth and surface area), was the
parameter most affected by reduced flows. It was decreased by 60 and 764,

at flow reductiong of 7% and QO%grespectively.



Figure 6. Test riffle at 2909 flow reduction (0.9 n”'/sec), loocking
upstrean.
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A comparison of the mean depths and mean velccities at 2ll sample
gites (where benthos samples were taken) during sach of the three desig-
nated flow periods is pregented in Table IT1I. During the psriod of 75 and

Table III, Mean depths and veloclties at sample sites during each flow
period and results of statistical comparisons.

Depth ((m) Velocity (m/sec)
Period of Flow Control Test -alue Control Test F-Yalue
Mean Mean Mean Mean
75% Dewatered 0.18 0.08 36.16%% 0.76 0.53 20, L7
Tull-Flow 0.1k ¢.15 2.20 0.61 C.73 &, 3o%%
90% Dewatered 0.24 0.09 5, 70%% 0.96 0. 33 67 . 35%%

#% Significant at the 1% level,

490% dewatering, depths and velocities at sites sampled in the test riffl
were significantly lower than thosge in the confrol riffle. Under conditions
of full-flow, depths in both riffles were not significantly different, how-
ever, ve}ecities were significantly larger in the test riffle, alth
difference was only 0.12 m/sec.

Temperatures and oxygen readings in the test riffle were similar to
those in the control »iffie, both during periods of full-flow (Table I
and during dewatering in both years (Table IV). Average daily maximum
and minimum water temperstures in the Lest riffle differed from those

in the control by 1C or less during the period of reduced flows.
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Table IV. Average daily maximuom and minimum water ltemperature (C) ana
semimonthly dissolved oxygen concentrations {(popm).

Period of 75% Dewatering Period of 90% Dewatering
Control Test Control Test
WMaximum Temperabure 16.9 16.5 15.7 15.9
nimum Temperature 11.5 10,5 1i.3 11.2
Dissolved Oxygen 9.8 9.7 9,3 9.7

Community Composition
Trichoptera, Diptera, and Coleoptera together comprised 8L and 88%
of the numbers,and 73 and 84% of the volumes of all agquatic insects for

ra constituted 3L and 57%

bl
-

1
e}
s

i
s

T

the control and test riffle, respectively.
of the volumes and Trichoptera composed 35 and 12% in the control and test
riffle, regpectively. Trichoptera, Diptera, and Coleopltera comprised 26,
37, and 25% of the numbers in the test riffle and 29, 29, and 26%, re-
gpectively, in the control riffle.

Twenty-two familieg and 3 genera of ingects were identified from

ane

441

ol semples - 12 from each riffle (Table V). Thirty of the
gensra were found in both riffies. The mayfly Bhithrogens was found only

in samples from the control riffle., The caddisfiies Helicopsyche and

Neophylax, and the stoneflly Capnia were taken only in samples from the
test riffle. Eleven taxa accounted for 897 of the numbers and volumes in
the control riffle, These same taxa made up 93% of the numbers and 87% of
the volumnes in the test riffie. The 11 taxa were: Hydropsyche,

Rhyacophila, Brachycentrus, and Lepidostoma (Trichopteral; Fohemerella

inermisg, £. grandis, and Baetis bicaudatus (Ephemeroptera); Tipuia and
3 e 5 E 1s - 3




Tahle V, List of insectg identifie

rom Blacktail Creek, Montana.

a
ilidae
richia sp.
ogychidae

1=1icopsyche borealis (Hag. )
Hydropsychidae

Hycropsyche sp.

Cheumatopsyche s8p.

Arctopsyche grandis {(Bks. )
Rhyacophlildae

Bhyecophila acropedes Eks.

Glossoscoma &80.

Protoptila &p.
Leptocerldae

thripsodes sp.
Brachyveentridae

Brachycentrug sp.

Micrasema =p.
Lepldostomatidae

Tepidostoma pluviale {(Milne)
Limnephilidae

Neophylax sp.

Ephemeroptera
Bactidae
fphemerells inermis
&, grandis
Paraleptophiebla memorialis
Beetis bicaudatus
Heptagenildae
ghithrogena sp.
Heplagenia spp.

Diptersa
Tipulidae
Tipula sp.
Antocha monticola
Psychodldae
Pericoma sp.
Simulidae
Simalium spp.
Chironomidae
Rhagionldae
Atherix variegata
Empididae
Hemeyodromia sp.

Plecoptera
Pteronarcidae
Pteronarcella badis
Nemouridas
Nemoura sp.
Capnia sp.
Perlidae
Acroneuris pacifica
Perlodidae
Arcynopberyx sp.
Teoperla fulva
Chloroperlidae
Alloperla sp.

Narpus 80
Lara sp.

Chircnomidae (Diptera); Acroneuria (Plecoptera); and Narpus (Coleoptera).

Community Dynamics

Total Numbers and Volumes

Trends and fluctuations in numbers and volumeg

during the study are shown in Figure &. WNumbers of

of aquatic insects

insects increased in
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the control riffle during the period of 75% dewatering, while numbers in

the test riffle remained stable. Insecct numbers conblaued to increase in

]

the control riffle while numbers in the test riffle declined with tne
resumption of normsl flows, High numbers In the test riffle did not oceur
until November, two months after high values were reached In the control
riffle, During the period of 90% dewatering, numbers in the control and
test riffle did not show distinet differences.in trends.
2
Mean numbers and volumes of all insects/m collected during each flow

pericd in the test and control riffles were compared statistically (Table

ot

VI}). During the pericd of T75% dewatering, total numbers from the tes
riffle were significantly greater than those in the control riffle. There
was no significant difference in numbers from the two riffles during the
period of full-flow or during the perilod of N% dewatering. Volumes were
significantly greater in the test riffle during all flow periods, however,
the Fovalue was greatest during the period of T5% dewatering and least

during the 90% dewatering period,

Qrdinal Numbers and Volumes

Throughout the study, numbers and volumes of aquatic insects/m? in
each order, except Trichoptera, showed the same general increages and
decreases for both the test and control riffles (Teble VII), Ordinal
numbers and volumes of insects in the test riffle were compared statisti-

ally to those in the control riffle for each flow period {Table VI).

)
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Trichopters
During the period of 75% dewatering, numbers in the conbrol riffles

increased, while those in the test riffie decreased. During the period

-y
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of full-flow, numbers in the test riffle did not attain high wvalues until
late December, nearly three months after high values were rveached in the
control riffie. Volumes had similar trendsg in both riffles throughout the
study.

During the period of 75% dewatering, numbers were significantly
grester in the test riffle than in the control riffle. During the period
of full-flow, numbers and volumes were signifilcantly greater in the control
riffle, There was no significant difference in volumes during either of
the dewatered periods or in numbers during the period of 90% dewatering.
Ephemeroptera

There was no significant difference in either the numbers or volumes
during either periocd of reduced flow, however, durlng Lhe period of 907
dewatering, numbers were significantly greater at the 5% level +in the
control vifflie. Both numbers and volumes were significantly greater in

the contyel riffie during the Tull-flow pericd.

Diptera

M

There was no significant difference in numbers during each of th
three flow periods. Volumes of Diptera were significantly lower in the

control riffle during all flow periods.
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Coleoptera

There were no glenificant differences in either numbers or volumes
of beetles between the two riffles during any of the flow periods. How-
ever, at the 5% level of significance, numbers in the control riffle were
significantly greater than those in the test riffle during the full-Ilow
period.
Plecoptera

During the period of 75% dewatering, both numbers and volumes were
significantly greater at the 5% level in the test riffle. During the
period of full-fiow, the numbers of stoneflies were signiflicantly greater
in the control riffle, however, volumes were not significantiy different.
During the period of 90% dewatering, numbers were significantly greater
in the kest riffle; volumes were significantly greater al the 5% level

in the tegt riffie.



DISCUSEION AND CONCLUBIONS

Dewatering produced sgevere physical changes 1n the test riffle.
Average depth, average water veloclty, and water volume were the parameters
most affected. Although averasge waler velocity was reduced by only 28%
during the vperiod of 7%% dewatering, average water depth and water volume
decreased 52 and 60% respectively. During the period of 90% dewatering,
average velocity was reduced by Th%, while depth and volume decreased 65
and 76% respectively. Needham (1928, 1934k, 1938) considered water depth,
current velocity, and bottom type, to be the major physical factors
affecting the production of aquabtic insects. Needham and Usinger (1956)
found the crogss-gectional distribution of aguatic insects in streams was
linked with water depth and velocity.

Water temperature and dissclved oxygen in the test rifile were not
affected by reduced Tlows, however, the dewatered portion of the stream
wag velatively short. Streams dewstered for greater distances might show
higher temperatures and conseguently less dissolved oxygen.

Four principal differences in the community dynamics of the test and
control riffieg were evident. Flrst, during the period of 75% dewatering,

o
num.bez‘s/mc in the control riffle increasged while those in the test rifflie
remained shtable. Trichoptera largely accounted for This difference as
numbers/mg in the control riffle increased while those in the test rifflie
decreasged.

Secondly, dengitlies in the test »iffle, relative fo those in the

coentrol riffie, were higher during the period of 75% dewatering than during



the fTull-flow period. Throughout the period of full-flow, thers was no
gignificant difference in total nunbers between riffles, however, during
the period of 75% dewatering, numbers were significantly greater in the
test riffle than in the control riffle. The number of Trichoptera,
Ephemeroptera, Coleoptera, and Plecoptera were significantly greater in

the control riffle than in the test riffle during the period of full-flow.
However, for the same oxders during the period of 75% dewatering, there

was sither no signifizant difference in numbers, or numbers were signlfi-
cantly greater in the test riffle than in the contrel riffis. The increased
densities in the fest riffle may have been brought about by driit organisms
settling out under reduced flow conditions or the emigration of ingects
from exposed areas. Denham (1938) ghowed that some aguatic organisms
responded to receding water levels and became concentrated 1n the remaining

watered areas. During my study many case-bearing Trichoptera (noteably

Brachycentrus), were left stranded on exposed gravel bars and along ghbream

margins.

Thirdly, the resumption of natural flow conditions apparently caused
a decline in the numbers of Trichoptera, Diptera, Coleoptera, and Plecoptera
in the test riffle. Surber (1936), Tarzwell (1937), and Logan (1963), all
ghowed an inverse relationship between flow and abundance of insects in
bottom samples and suggesbed high flows caused scouring. Maciolek and

£

Needham (1952) reported high drifi rates during the periods of peak flows.
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Finally, total numbers of insects/m2 in the test riffle did not reach
their initial high value until Wovember, two months after the initial high
was reached in the control riffle, There wers twoe to three times fewer
Trichopntera in the test riffle than in the control for a period of three
months after the resumption of natural flows.

During the period of Q0% dewatering, there were fewer differences in
numbers and volumes of insects from the two riffles Than during the period
of 75% dewatering. FExtremely high flows during June, 1967, (average of
3.58 mgfsec) probably reduced populations in both riffles fo such low levels
that differences were obscured. In the control riffle, average total
numbers and vclimes/mg during the second summer were 60 and 6%, re-
spectively, lower than those for the first summer.

A comparison of the community dynamics of the two riffies prior to
dewatering was not obtained gince flow reductions were in effect one
gummer before this study was inltiated, However, gimilaritiss in
community dynamics of both riffles during the second half of the full-
flow period indicate the principal differences cilted above were caused

by manipulstion of flows.
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