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ABSTRACT

Total number and generic diversity of benthic 

invertebrates in Duck Creek, Broadwater County, T8N R2E, 

Sections 3, 9 and 11 were investigated during June, July and 

August to see if irrigation systems affect them.

Quantitative studies showed that irrigation systems 

have a definite effect on benthic invertebrates by changing 

their environments. Changes were caused from higher turbidity 

and temperature. The orders of invertebrates studied were: 

Trichoptera, Ephemeroptera, Coleoptera, Diptera and Plecoptera.

Irrigation did not eliminate the stream of any one 

particular order as expected, but altered the generic diversity 

and density found in each order. Therefore, different genera 

and numbers of individuals were found at each station depending 

on the environment and how well they could abide the particular 

changes which existed there.
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INTRODUCTION

In today's world of demanding food production, 

irrigation has become a necessary ingredient to farmers, 

especially those in drier states. The question which 

arises then is whether we are creating future problems by 

running our irrigation systems in and out of our natural 

streams. This is the problem I set out to investigate.

The Benthic invertebrate level was studied since it 

makes up one of the most important links in stream production 

cycles (Hickman 1 967 , Mi a 1 1 1 903 , Macan 1 963). The

organisms form biochemical and energy links between plants 

and carnivores, and therefore, are responsible for converting 

plant tissue to animal tissue.

If something were to happen to the benthic 

communities in our natural stream environments, the 

production levels within the streams could be diminished 

or plant growth might become too abundant, and higher life 

forms might perish. The effects of irrigation on this 

important level of life are not known or have not yet been 

adequately investigated.
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THE STUDY AREA

The experimental area was located on Duck Creek in 

Broadwater County, Montana, in Sections 3, 9 and 11 of 

T8N R2E (Fig. 1).

The stream drains into Canyon Ferry Reservoir and 

in the summer months, late June to early September, becomes 

incorporated in area farm irrigation systems.

Three different study stations were set up 1 to 2 

miles apart. The first was located in section 11 (Fig. 2) 

and represented the control station. The stream, at this 

point, flowed through a wooded area. The bottom substrate 

varied from large stones 15 to 16 cm. in diameter to fine 

sand and gravel. Several mosses grew on the rocks along 

the sides, but the middle of the stream was barren of plant 

life except for short, close-growing algae. Width of the 

stream bed varied from 2 to 4 m with most of it being

riffles. Riffles are areas of the stream where flow is 

rough and disturbed (Smith 1974).

The second station was set in S. 3 (Fig. 2). It 

flowed through a cottonwood windbreak of a small farm located

along its banks. The substrate consisted of small stones, 

about 2 to 5 cm in diameter, and silt. The banks were 

disturbed from cattle coming to drink. This probably caused



Fig. 1. Map of area which surrounds Section 3, 9 and N
11, Broadwater County, Montana (yellow). Scale-0.5 in W E 
equals 1 mile. S
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much of the silting. No plant life was noticeable, and algae 

were limited to the small stone areas. The width did not 

vary much from station one, measuring 3.5 m. Flow was 

smooth, lacking the large riffle areas of station 1.

Station 3 was located approximately 2 miles downstream 

from station 2 in S. 9 (Fig. 2). It flowed along a brush- 

field interface. The substrate make-up was at first small 

stones like those found in station 2, but after the irriga

tion system opened, it changed to a mixture of mud and silt 

overlying the small stones. Width remained unchanged at 

about 3.1 m. Algal growth increased, ranging from short, 

close growing types along the small stone surfaces to long 

filamentous types growing in silt and mud areas. More 

algae developed as the study continued and as mud and silt 

accumulated. The flow surface character also changed as 

the study continued. It started out like station 1, as 

mostly riffle, but after the first sampling, the flow 

smoothed so that riffle areas were located only along the 

banks. This change was due to an increase in flow volume 

from the irrigation water returning to the stream.

When the irrigation systems began operation, 

station 2 went dry, all the water was diverted into the 

irrigation system. Station 3 gained a tremendous volume 

of water where the irrigation system rejoins the stream in 

S. 9. Other effects will be presented in the results 

section of this paper.

4



Fig. 2. An enlarged view of study area. Stations N
1, 2, and 3 are numbered accordingly., IR. re pre- 
sents the location the irrigation system rejoins S
Duck Greek.

5
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METHODS AND MATERIALS

S tream Flow Data

Temperature: Temperature was recorded every 2

weeks by maximum-minimum thermometers (Fig. 3). The 

thermometers were fastened to the stream bottom by wire 

which was wrapped around the thermometer and a large rock.

The thermometer and rock were then placed close to the bank 

and hidden by the foliage. Data was recorded every two 

weeks from 2 June 1979 to 11 August 1979.

Velocity and Depth: Stream flow velocity was 

measured by a stream flow meter (Fig. 3) in feet per second 

at all areas which were to be sampled for benthic inverte

brates. Only areas which had approximate velocities of 

0.67 m/sec were chosen except in station 3 where the flow 

volume made this impossible. I converted ft/sec to m/sec 

after the data was gathered.

Depth was measured by using a calibrated scale on the

flow meter. The measurements in ft were later converted to

me te rs .

Turbidi ty: In the first step of turbidity evaluation, 

I collected water samples in bottles provided by Montana's 

Department of Fish, Wildlife and Parks, using a spectophoto- 

meter; measurements were recorded in Jackson Turbidity Units. 

A Jackson Turbidity Unit (JTU) is a measurement which



Fig. 3. The flow meter and control box, miximum- 
minimum thermometers and the Surber sampler
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compares the amount of light from a standard candle which is 

absorbed as the height of a water column is lengthened. 

Turbidity evaluations were made every 2 wks.

Invertebrate Collection

The benthic invertebrates were collected by using a

Surber sampler. A Surber sampler (Fig. 3) consists of a 
2

0.1 m metal frame which is attached to a funnel-shaped 

mesh net. The funnel is made of 1 mm mesh and fans out

in the stream.

At each station I randomly chose two areas having a 

flow rate of approximately 0.76 m/sec and a depth of 

0.24 m. The Surber sampler was lowered into the stream with 

the funnel opening upstream. By stepping on the metal

frame it was anchored.

The rocks and bottom substrate within the metal frame

were stirred, shaken and examined visually for invertebrates 

down to a 0.03 m level. The invertebrates loosened were

carried downstream into the funnel by the current.

These invertebrates and collected detritus were then 

transferred to jars. The jars were filled with 95% 

ethanol and labelled. The mesh- funnel was thoroughly 

checked for any invertebrates which might have been caught; 

then it was flushed clean in the stream.

The jars were refrigerated until separation and 

identification processes could be carried out.

8



Invertebrate Separation and Identification

I separated the invertebrates by placing the samples 

(by parts) in a white enamel pan. The pan was then, filled 

with water to allow the invertebrates to float to the top. 

The invertebrates were picked off and placed in jars 

containing a solution of 95% ethanol. This sample was then 

checked again, first with the naked eye and then by the use 

of a magnifying glass.

• Identification and classification were carried out

with the aid of taxonomic keys. Three primary keys were 

used: Aquatic Insects of California (Usinger 1968),

A List of Characters for Important Aquatic Insect Orders and

Families in Idaho and Western Montana (Hicks 1974), and 

Biology of the Invertebrates (Hickman 1967). The first step 

was to separate the invertebrates in each station sample 

into groups of like characteristics. The remaining steps 

involved following the keys. A 40X bioscope and a 100X 

microscope were useful in checking physical characteristics. 

Verification of some of the genera was done by Ted Rieger, 

Biologist for the United States Forest Service.

Stat ion Community Comparison

The Jaccard's ecological coefficient was used to

compare the communities of stations 1 and 3. The formula

is as follows:

9



and are the number of genera in each station 

and C is the number of genera common to both stations being 

compared. If the Jaccard's coefficient is close to.zero, 

the communities have nothing in common, and if it is closer 

to one, then the communities are almost identical (Brower 

and Zar 1 977) .

1 0
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RESULTS

The stream physical data showed some variation from 

station to station as is shown in Table 1. Sample areas 

were chosen with a relatively constant velocity and depth. 

However, after 1 July, the irrigation system went into 

operation, and the water level in station 3 increased. 

Station 2 went dry. These levels were maintained until the 

field work was completed.

Temperatures differed from station 1 to station 2

both in minimum and maximum values. Station 3 was

consistently higher than station 1 (Figs. 4 and 5).

Maximum temperatures followed the same trends at both 

stations 1 and 3, starting low in June, peaking in July, 

and returning to lower temperatures in August. Station 3, 

however, remained from 3 to 10° F higher than station 1 

throughout the study. Such trends should be expected to

be similar because weather affects all stream locations in 

the same way (Fig. 4).

The minimum temperatures exhibited slightly 

different trends. These are illustrated in Fig. 5.

Station 3 and station 1 do not follow the same pattern. 

However, station 3 remained 3 to 10° F higher in the 

minimum temperatures recorded.



Table 1 -- Duck Creek — Stream Flow Data

Date Station Veloci ty 
(m/sec)

Depth
(m)

Min. Temp. 
(°F.)(°C.)

Max.
(°F.

Temp. 
)(°c.)

Turbi di ty 
(JTU)

6/2/79 1 0.76 0.24 — _ 56 13.3 2.5
2 0.67 0.18 -- -- 60 15.5 1.5
3 0.76 0.18 — — 6$ 20.0 7.1

6/23/79 1 0.67 0.24 54 12.2 58 14.4 2.2
2 0.67 0.18 66 18.9 71 21 .7 1 .2
3 0.67 0.21 70 21 .1 72 22.2 6.4

7/9/79 1
?

0.67 0.24 64 17.8 68 20.0 19.

3 0.67 0.76 6? 20.6 75 25.6 . 40.0
7/28/79 1

9
0.67 0.18 64 17.8 68 20.0 1 .4

3 2.10 0.76 68 20.0 74 23.3 43.0
8/11/79 1

?
0.67 0.18 52 11.1 60 15.6 1 .0

3 0.58 0.76 61 16.1 66 18.9 49.0

1 2
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Turbidity differed markedly between station 1 and 

station 3 as shown in Fig. 6. Station 1 showed a steady 

downward trend as spring runoff came to an end. Station 3 

showed just the opposite trend and continuously climbed 

upward. Station 3 gained 49.1 Jackson Turbidity Units 

during the study while Station 1 lost 1.5. Station 2 

was only measured once and was 1.0 Jackson Turbidity Units 

less than station 1 and 5.6 units less than station 3.

This is explained by the filtering mechanisms present in 

all streams as water flows downstream (Stefferud 1955).

Identified from the seven different samples were 29 

different genera. They belonged to five different orders. 

They are Trichoptera, Coleoptera, Ephemeroptera, Diptera 

and Plecoptera. The numbers of individuals and genera 

varied from station to station as indicated in Table 2.

In June, all 3 stations were sampled. At station 1, 

56 invertebrates were collected. Coleoptera represented 

the highest percentage, equaling 34%. The rest followed 

with Trichoptera and Ephemeroptera making up 28%, Diptera 

5% and Plecoptera 2%, Forty-four invertebrates were 

collected at station 2. Ephemeroptera made up the largest 

part of this population at 38%.' Its' numbers were closely 

followed by Coleoptera at 31%, Trichoptera at 28%, Diptera 

at 4%, and Plecoptera at 2%. Station 3 illustrated about 

the same trends with 85 invertebrates being collected. 

Ephemeroptera made up over half of the population, 58%, 

while Coleoptera followed with 26%. Trichoptera had a lower

1 5
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Table 2 Station population make-up of benthic invertebrates from 
two 0.1 nr sample areas in 1979.

Taxon Total number
Station:
Date: Month/Day 6/2

of individuals col

6/2

lected
31

7/9 8/11
2

6/2 7/9 8/11

Order-Tri choptera
Family-Rhyacophi1idae 
Genus-Rhyacophilia 2 3 1 1 1 9 6
Genus-Glossosoma (pupas) 0 15 2 1 5 1 0

Family-Hydropsychidae
Genus-Macronemum (pupas) 0 0 0 0 1 0 0
Genus-Macronemum (larva) 1 87 12 0 3 7 131
Genus-Arctopsyche 0 1 0 0 0 0 0
Genus-Hydropsyche 0 2 0 0 1 0 0

Family-Leptoceridae
Genus-Tri aenades 3 0 0 0 0 0 0

Order-Coleoptera 
Suborder-Polyphaga
Family-Ptilodactyli dae 
Genus-Stenocolus 4 0 0 0 0 0 0

Family-Elimidae
Genus-Zaitzervia (larva) 6 66 8 5 19 25 31
Genus-Zaitzervia (adults) 2 56 9 0 0 4 2
Genus-Norpus 4 7 0 0 1 0 0

Family-Parni dae
Genus-Elmi s 0 2 0 0 0 0 1
Genus-Phycoetes 0 0 0 3 2 1 0

Family-Hydrophi 1 i dae 
Genus-Hydrochus 0 0 0 0 0 0 6

Family-Sphaeriidae 1 0 0 0 0 0 0

17



Table 2, Continued

duals col lectedTaxon Total number
Station:
Date: Month/Day 6/2

of indivi 
1

7/9 8/11
2

6/2 6/2
3

7/9 8/11

Order-Ephemeroptera
Family-Baeti dae
Sub-Family-Leptophlebinae
Genus-Traverella 16 38 15 8 7 20 6
Genus-Paraleptophlebi a 1 6 3 1 0 0 0

Sub-Family-Si phlonuri ne 
Genus-Siphlonurue 0 4 0 7 7 2 3

Family-Heptageni i dae 
Genus-Ironodes 0 38 0 10 11 15 9
Genus-Ci nygmula 0 20 1 3 15 5 75
Genus-Heptageni a 0 0 0 0 9 5 1

Order-Diptera 0 0 0 0 0 4 0
Family-Ti puli dae 
Genus-Antocha (pupa) 3 0 0 0 0 3 1
Genus-Doli chopeza 0 2 2 1 0 1 2

Family-Simuli i dae
Genus-Simuli urn 0 20 0 2 0 1 6

Family-Empidae
Genus-Cli nocera 0 0 0 1 0 0 0
Family-Tendi pedi dae 
Genus-Prodi amesa 0 0 0 0 1 6 0

Order-Plecoptera
Suborder-Seti apalpi ae
Family-Chloroperli dae 
Genus-Chloroperla 1 12 0 2 2 3 9
Genus-Acroneuri a 0 69 1 0 0 0 0

18



percentage of 13% while Plecoptera represented 2% and Diptera 

had 1%. For a clearer picture of these trends see Figs. 7 

and 8. Tables 3 and 4 also list the orders, the numbers found 

in each, and their relative composition percentages in a 

more compact form.

In July, station 2 went dry and conditions in station 3 

changed. However, these new conditions in station 3 did not 

affect the invertebrate populations. Station 1 and 3

• remained approximately the same in population diversity, 

although the numbers within each genus greatly increased 

(Fig. 7). Percentages illustrated about the same trends, 

however. Coleoptera and Ephemeroptera remained the highest 

in percentages at their respective stations (Fig. 8).

Percentages changed in August. At station 1, 

percentages were the same as at station 2 in June. However, 

the numbers in the individual genera increased. These 

similarities and differences are shown in Figs. 7 and 8. 

Station 3 differed in ordinal composition. Ephemeroptera 

dropped to 32% while Trichoptera increased to 47%. This 

sudden Trichopteran increase was largely due to Macronemum

• whose numbers suddenly increased (Table 2). There was also 

a large drop in Coleoptera which dropped to 19%. Diptera 

increase; whereas Plecoptera remained about the same.

Overall trends in total number of insects collected 

are presented in Table 3. Invertebrate densities peaked in 

July at station 1 and fell in June and August. Station 3

, provided a progressive increase in number from June to

19
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August; even if the Trichopteran bloom had not been present, 

the trend would have occurred.

Figs. 9 and 10 reveal some interesting trends. 

Ephemeroptera were the most numerous in station 3, while 

Coleopterans were most numerous in station 1. The greatest 

differences between station 1 and station 3 were in 

Plectopterans, Coleopterans and Ephemeropterans.

Trichopteran numbers differed slightly while Dipteran 

numbers were about equal .

Another point in invertebrate analysis lies in the 

number of genera at each station. This is shown in 

Table 5 and Fig. 11.

In station 1, the largest number of genera occurred 

in July when Trichoptera and Ephemeroptera each had five 

different genera present. Station 3 also had the most 

genera present in July, but Ephemeroptera and Diptera were 

the two orders with five genera. Orders in station 1 

followed the same basic trend as the overall by peaking in 

number of genera in July. The only exception was found 

in the order Coleoptera which slowly declined in number of 

genera until August. At station 2, Trichopteran's number 

of genera peaked in June and steadily declined while 

Coleopteran' s number of genera increased peaking in 

August. Ephemeropterans and Plecopterans remained at a 

constant number of genera and Dipteran's genera number 

peaked in July as most of the orders in station 1 had done.

22



Table 3 Number of individuals 
sampling stations on

in five orders of insects 
Duck Creek in 1979

at

Taxon Numbe r of Indiv iduals

Station: 1 2 3
Date: Month/Day 6/2 7/9 8/11 Total 6/2 6/2 7/9 8/11 Total

Trichoptera 16 108 15 139 1 11 17 137 165
Coleoptera 19 131 17 167 8 22 30 40 92
Ephemeroptera 16 106 19 141 29 49 47 94 190
Diptera 3 22 2 27 4 1 15 9 25
Plecoptera 1 81 1 83 2 2 3 9 14

Totals 56 449 54 559 44 85 113 289 437

Table 4 Relative 
sampli ng

composi tion 
stations on

percentages of five insect orders at
Duck Creek in 1979

Taxon Number of Individuals

Station 1 2 3
Date: Month/Day 6/2 7/9 8/11 Total 6/2 6/2 7/9 8/11 Total

Trichoptera 28 24 28 25 28 13 15 47 34 '
Coleoptera 34 29 31 30 31 26 26 14 19
Ephemeroptera 28 24 35 25 35 58 42 32 39
Diptera 5 5 4 5 4 1 13 3 5
Plecoptera 2 18 2 15 2 2 3 3 3

23
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Fig. iu. 
stations June to August, 1979



The Jaccard ecological coefficient was calculated

for stations 1 and 3. Calculations were as follows:

CC _ 15j----------------------------
23 + 21 - 15

= 0.51

The Jaccard coefficient indicates that stations 1 and 3 

have a 51% similari ty.

26



Table 5 -- Number of Genera in f i v e i nsec t o rd ers at •
samp!ing stations

Taxon Number of Genera

Station: 1 2 3
Date Mo/Day: 6/2 7/9 8/11 Total 6/2 6/2 7/9 8/11 Total

Trichoptera 3 5 3 6 2 5 3 2 5
Coleoptera 5 4 2 6 2 3 3 4 6
Enbemeroptera 2 5 3 6 5 5 5 5 5
Diptera 1 2 1 3 3 1 5 3 5
Plecoptera 1 2 1 2 0 1 1 1 1

Totals 15 18 10 23 12 16 17 15 21

Hat. 1 1 I 2 I 3 1 1 I 3 1 1 1
I 2 June 1 I 9 July I 11 August

Fig. 11. Total number of genera in each of five orders for the sample 
stations, 2 June to 11 August 1979. t-Trichoptera, c-Goleoptera, 
e-Ephemeroptera, d-Diptera, and p-Plecoptera.
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DISCUSSION

Two basic effects are considered to result from 

irrigational systems incorporating Duck Creek. First, 

because of the channeling off of water, some portions of Duck 

Creek dried up. Secondly, because of the re-entry of 

water at a lower location of the stream, the environment was 

changed .
*

The two physical factors which differed most were 

temperature and turbidity (or sediment content) of the three 

stations. Depth and flow also changed, but soon stabilized. 

The difference in depth from station 1 to station 3 affected 

the stream by reducing the amount of light which reached 

the bottom; therefore, there was a decrease of photosynthesis 

and plant growth. This, in turn, resulted in the reduction 

of food supplies and oxygen available for the benthic 

organisms (Smith 1974, Stefferud 1955, Macan 1963).

Turbidity has many effects as it increases. As it 

increases, it also causes reduction of light reaching the 

stream substrate. Additionally, as depth increases, plant 

growth may be eliminated in the middle areas of the stream. 

Turbidity increases also contribute to temperature increase 

as the more turbid a stream becomes the more light it absorbs 

The light energy is converted to heat, and the water tempera

ture rises (McClelland 1972). Turbidity, then, was partly

29



responsible for the temperature differences between stations 

1 and 3.

Substrate changes also occur with increases in 

turbidity. The high turbidity readings indicated that the 

water was carrying a large amount of sediments which slowly 

settled out as the water flowed downstream. As these 

sediments settled out, they accumulated over the original 

rocky substrate, and changed it by filling the holes and cracks,

• lowering the rock surface area and reducing the number of 

microhabitats (McClelland 1972, Prather 1971).

Substrate conditions are very important in the 

existence of the benthic organisms. Any slight change may 

be detrimental to the species type and number present, 

according to Prather's studies of 1971. As turbidity increased 

at station 3, the substrate conditions changed. This may 

account for some of the invertebrate variability as noted.

Turbidity can be very detrimental if it continues 

without a cleansing period every 3 to 4 mo. In Luedtke's 

study (1973) on Emerald Creek near St. Maries, Idaho, it was 

found that after six mo. of high turbidity and high sedirnenta-

• tion, areas of the stream lacked benthic life completely. 

Therefore, if irrigation is causing high turbidity, it is 

also causing problems for the benthic invertebrates. More 

will be discussed later as to what and why specific 

invertebrates are harmed.

At the onset of the study, it was apparent that 

. temperatures increased as the water moved downstream.

30



Larger exposure to the sun may be responsible for this. After 

irrigation operation began, temperature increases were caused 

from higher turbidity and by the channelling of the water.

As the water was divided into many channels by the irrigation 

system, its water levels got lower within each channel. This 

allowed temperatures to increase because there was as much 

water to heat; yet, the surface area had been increased.

Plecoptera is one of the orders which is sensitive

• to pollution (Hicks 1974). Plecopterans made up the lowest 

density of invertebrates throughout the study at all stations. 

Plecopterans increased at station 1 in July, representing 

their 1979 hatching period (Mi&ll and Needham 1903, Veirs 1977) 

Mainly invertebrate predators, Plecopterans can exist in most 

areas if there are enough other invertebrates to serve as 

their food supply unless they are disturbed by chemical 

pollutants (Veirs 1977). For the most part, their numbers

did not increase from station 1 to station 3, so chemical 

pollution must not be present.

Large rock substrates are preferred by Plecopterans 

because they can hide underneath and escape the current.

• Sediment will not affect them as long as it does not pack 

down around the rocks as it settles. If it does, the 

Plecopterans, not equipped to dig, are lost to the current

and drift downstream.

Plecopterans play an important part in a stream's food 

chain. They, along with Ephemeropterans, constitute the bulk 

of fish food. This makes their presence in a stream 

necessary for high fish production.
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Ephemeropterans are also good indicators of pollution. 

If numerous, the stream is usually said to be in a healthy 

condition, but if their numbers are reduced, the stream is 

usually considered to be in poor or unhealthy condition 

(Hicks 1974, Macan 1963).

Ephemeropterans were found to be present in larger 

amounts consistently throughout the study at station 1 

(Fig. 7). There was one exception to this pattern in the last

• sample section where station 3 had a slightly higher number

of Ephemeropterans than station 1. The reasons for these 

patterns is twofold. One is that Ephemeropterans are 

reduced because they can not survive in a silty or sandy 

environment which covers their individual microhabitats 

(Prather 1971). Thus, sedimentation (or higher turbidity) 

may be a form of pollution in this stream. The second 

explanation for the pattern is that the hatching period of 

new nymphs occurs from late July to early August (Veirs 1977, 

Miall and Needham 1903). The main genus which increased in 

station 3 was Ci nygmu1 a . This particular genus along with 

Heptogeni a was found to have preference to substrates with a

O lot of variation. This was well documented by the field

studies of Veir (1977) and Prather (1971). In this study, 

substrate variation was highest at station 3 because of the 

silt and mud deposits. This would explain the sudden change 

in Ephemeropterans at that station.

McClelland (1972) found that Ephemeropterans have the 

highest drift components which would explain their high 

numbers at station 2. Because station 2's limiting factor
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is a mid-summer dry period, organisms living there must either 

metamorphose in a short time or have a means f m< ving quickly 

to another area. It seems that Ephemeropterans have, that means 

in their high drift components. This also suggests a second 

explanation for the sudden rise of Ephemeropterans at 

station 3; when conditions became unfavorable at station 2, 

they simply drifted downstream to station 3.

Other Ephemeropteran variations were caused by the 

• different genera themselves. Hicks (1974) and Usinger (1968)

both concluded that Ironodes and Paraleptophlebi a liked 

water that was cooler and closer to the headwaters rather 

than slower, warmer water which is preferred by Ci nygmula 

and Si phionurus. This-fact supports the hypothesis that 

irrigation through its change of temperature and turbidity 

may be causing the replacement of some species with forms 

better adapted to the newer environment.

Coleopterans were collected in large numbers from all 

stations except station 2 and station 3 in July to August.

There are two reasons for the small numbers of Coleopterans 

at station 2. One is that they have the lowest known drift

• component, meani ng once they have settled in an area, they

usually stay there . If the stream dries , the Coleopteran

have no way to get away. By some unknown mechanism, nature

keeps the Coleopterans out of temporary streams and ponds 

(McClelland 1972). This is further illustrated in the 

absence of Zaitzervia larva who are unable to swim and are 

not very motile. They are not found in station 2 because
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they would die before they could metamorphose.

The other reason for lower numbers in station 2 and in 

all the June samples is that the new larva for the year had 

not hatched. Hatching usually begins in July and continues 

through August (Miall and Needham 1903).

Coleopteran populations are dominated by the genus 

Zaitzervia which prefer rocky substrates and clear water 

because they can not swim, and their gills are very 

susceptable to sediments. This explains why more appear at 

station 1. Because other Coleopterans, Phycoetes and 

Hydrochus are vegetatians, they were more numerous at 

station 3 where the filamentous algae grew along the stream 

banks (Usinger 1968, Veirs 1977).

Coleopteran levels should taper off towards August 

as most adults are non-aquatic and will leave the water after 

metamorphosis as is illustrated by station 1. The only 

aquatic adults found in this study were in the families 

Elimidae and Curculionidae. Station 3, however, showed a 

slower metamorphosis because of higher temperatures and food 

abundance (Miall and Needham 1903, Hicks 1974).

Trichoptera are filter feeders and live in clear water 

(Prather 1971, Veirs 1977). This is reflected in their 

densities being higher in station 1 than in station 3. The 

only exception is in the August sample at station 3. Genus 

Macronemum had a sudden increase as they had just emerged 

from the year's second hatch of eggs. Macronemum is a 

genus of Trichopterans which prefer warmer water and will
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drift until they find it (McClelland 1972). Along with the 

second hatching this accounts for the larger numbers in 

station 3's August sample.

Rhyacophi1i a and G1 ossosma, free-living Trichopterans , 

avoid muddy, silty substrates because they need rocks to 

cling to (Veirs 1977, Prather 1971). Also, Hydropsyche and 

Tri aenodes need gravel to build their houses and clear water 

to flush their gills; they are more numerous at station 1 

(Usinger 1968). These two genera account for most 

Trichopterans found in station 1.

Lack of Trichopterans in station 2 can be explained 

by its unstable environment. As the water levels decreased, 

the Trichopterans sensed the change by chemical stimuli in 

the extended gills (Hickman 1967).’ They released themselves 

and drifted to a more suitable habitat. Trichopterans are 

rarely found in a temporary area of a stream according to 

studies done by Hicks (1974).

There were many different genera in the order Diplera 

but not many individuals of each were found. However, because 

most of the larvae (Simuli urn) found were filter feeders, 

their numbers were highest at station 1. The families 

Tipulidae and Tendipedidae we re well represented in station 3 

and not in station 1 because they require sand and silt in 

which to construct tunnels. These two families and

Simuli urn, making up most of the Dipterans, kept the

respective stations at fairly constant similar populations 

because of the continuous metamorphosis which occurred
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throughout the summer (Usinger 1968, Miall 1903 and

Veirs 1977).

In the cases above, it seems that irrigation does not 

eliminate any one particular order. Instead, it shifts the 

individuals into different genera which can tolerate higher 

turbidity, higher temperatures and the effects these cause. 

The mid-range Jaccard coefficient further supports this 

idea.

Irrigation has become a primary means of expanding 

agriculture. If it can be accomplished without harming a 

stream's ecological welfare, then we can continue 

incorporating it into our natural systems. However, if the 

ecological balance of the stream is lost and/or the ability 

to recover from the disturbance caused by irrigation is lost 

then irrigation may cause more long-term damage than it 

gives short-term benefits. For if we destroy one stream 

within a watershed system, it could soon have a detrimental 

effect on the whole system.
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