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ABSTRACT

Benthic insect populations of Confederate Creek, Broad
water County, Montana, were studied during June-August, 1979. 
Samples were taken above and below an irrigation diversion 
once a month and assayed for insect number and diversity.
Five orders were represented: Coleoptera, Diptera, Ephemer- 
optera, Plecoptera, and Trichoptera. Numbers of insects in 
all orders tended to increase with each sampling. The order 
with the greatest population density below the irrigation 
diversion was Diptera. The order with the greatest population 
density above the irrigation diversion was Ephemeroptera.

One sample was taken August 19 in the altered water route 
used for irrigation. One insect was found in this sample, 
compared to 641 insects in the sample below the irrigation 
diversion and 152 insects in the sample above the irrigation 
diversion taken the same day.
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INTRODUCTION

Studies on aquatic Insect populations are important in 
two respects. Insects can serve as indicators of environ
mental conditions: e.g., water contamination, stream flow 
changes, temperature changes, and changes in the vegetation

• and substratum. Insects are important links in the food 
chain of larger animals, such as birds and fish, and can 
serve as predictors of changes in the populations of these 
predators. There have been no previous studies on the 
benthic insect populations of Confederate Creek. A study 
of this type is useful as a baseline for further compari
sons as conditions change in the creek.

A significant disruption in the stream has been irri
gation diversions. Toeckes Farms, Inc., which owns the 
water rights to Confederate Creek, completed a concrete 
structure (Fig. 1) in early June 1979, which diverts the 
water to the northwest. Formerly, wooden structures were 
used for diversion (personal correspondence with Troy 
Helmick, Soil Conservation Service, Townsend, Montana).
The water follows an altered course for approximately 
3.2 km before draining back into the original stream bed 
(Fig 2). During the spring and early summer months, the 
creek contains more water than is used for irrigation.
The excess follows the original stream bed. However, in the 
mid-summer months, most of the water is diverted for irri-

• gation and the small amount left seeps underground (Fig. 3)» 
leaving a large portion of the original stream bed dry (Fig 2)

Specifically, the goals of this research were: (1) to 
study the natural seasonal and locational differences differ
ences in benthic aquatic insect populations, and (2) to ex
amine the possible influences of irrigation on these popula
tions .
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Pig. 1. Concrete irrigation diversion structure 
located on Confederate Creek (completed early 
June, 1979, by Toeckes Farms, Inc.)



/• V '

Pig. 4. Location of diversion route and sampling 
stations.
KEY:
q = Location of sampling site
asw Hignway or dirt road (some roads are omitted)
O= State highway

Water diversion route
jjeA-cPortion or stream bed dry in summer
Scale: 1 cm - 0.633 km
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Pig. 3. A portion of the original streambed of 
Confederate Creek showing exposed water and 
dry areas in the stream bed.



THE STUDY AREA

The portion of Confederate Creek studied is located in 
3roadwater Co., R2E, T9N, sections 3, 16, 17, 32. This area 
is east of Canyon Perry Lake and approximately 19.3 km 
north of Townsend. In the headwaters above the sampling

• sites the creek was extensively placer mined in the 193O’s 
and 1940’s (Lyden 1948; Pig. 4). Evidence of this exists 
today as approximately 8 km of dredged rock piles along 
the creek (Pig. 5). Below the sampling stations the creek 
drains into Canyon Perry Lake. The locations of the sampling 
stations are indicated in Pig. 2.

Station #1 was located 1.2 km from the creek mouth, in 
the upper NW comer of section 32. There were dense tree 

and shrub populations along both sides of the creek at this 
station (Pig. 6).

Station #2 was located 4.02 km from the creek mouth,
7 m downstream of the culvert which passes under State 
Highway 284, in the SV/ corner of section 16. Vegetation 
along the creek banks was mostly grass and small shrubs.
This station dried up in early July (Pig. 7).

Station #3 was located 8.9 km upstream from the creek 
mouth, in the SW corner of section 3. Vegetation along the 
creek consisted of grasses on the west side, dense tree and 
shrub populations on the east side (Pig. 8).

At all three stations the creek was between 3-4 m wide.
• The stream bottom at all stations was a mixture of rocks 

ranging from approximately 25 cm in diameter to small flat 
rocks approximately 5 x 2.5 x 1.5 cm. The velocity of water 
at these stations varied from 0.45 m/sec to 0.8 m/sec.
Kean depth vzas approximately 0.15 m. “ater discharge, which 
is the product of the approximate mean velocity, depth, and 
width, was 0.33 m^/sec.

5
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A fourth site was sampled once in late August. This 
station was located in the altered creek route used for 
irrigation, 0.8 km NW of Station #2, 1 .5 m upstream of the 
culvert which carries the irrigation water under State High
way 284. Grasses and small shrubs line both sides of the 
creek (Pig. 9). The substratum consisted of small, uniformly 
sized rocks, averaging approximately 5 x 2.5 x 1.5 cm. The 
stream was narrowed to an average width of about 0.8 m. 
Velocity was 1.6 m/sec. Depth was approximately 0.3 m. 
Discharge was approximately 0.38 m2/sec.
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Pig. 5. A portion of Confederate Creek which was 
placer rained in the 1930’s and 1940's, showing piles 
of dredged rock. The stream now runs on the west 
side of these piles (August 19, 1979).

Pig. 6. Station #1 (August 19, 1979).
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Pig. 8. Station #3 (August 19, 1980)
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Pig. 10. Surt)ur Bottom Sampler. The 0.092m2 
bottom defines the working area.



METHODS

Sampling was done on June 25, July 22, and August 19. 
Stations #1 and #3 were sampled on all three dates. Station 
#2 dried up in early July and thus was only sampled on June 25; 
Station #4 was sampled only on August 19. A Surbur bottom 
eamnler with a mesh size of 100 squares/cm2 was used (Pig. 10). 
Two samples, each O.O92m2 were taken at each station on each 
sampling date. The sampler was placed in the stream with the 
net opening upstream. The sampler foundation was worked into 
the substratum, defining the working area, and held firmly 
in place. The large rocks inside the working area were 
washed free or insect nymphs and larvae which floated into 
the net. The substratum was churned up by hand to a depth 
of approximately 7 cm. Insect larvae, nymphs and light 
debris were loosened from the stream bottom by this disturb
ance and were carried by the current into the net.

Oontents of the net were emptied into a white enamel 
pan. Large debris was cleaned of insects and discarded.
The water was drained away and the insects were placed in 
70% ethanol. The insects remained in this solution through
out the sorting and identification processes.

Sorting the insects from remaining debris was done by 
examining the samples, a portion at a time, in petri disnes 
with the aid of a 20x-40x binocular dissecting microscope. 
Aquatic insect larvae, nymohs, and adults were saved. All 
terrestrial adults were discarded.

Taxonomic keys used in the identification of the insects 
were: Aquatic Insects of California (Usinger 1956), The In
sects of Australia (Csiro 1970), How to Know the Immature 
Insects (Chu 1949), and Freshwater Invertebrates of the 
United States (Pennak 1978). A 20x-40x binocular dissecting 
microscope was used for identification, supplemented with the 
use of a 50x compound microscope for observation of finer 
detail.

11.
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Insects were classified to genus when possible. In 
cases where obvious species differences were shown within 
a genus, the numbers of each type were noted. In some 
cases, loss of anatomical parts, inadequate keys, or in
sufficient evidence of generic identification made positive 
generic identification impossible or impractical and the 
insects were then classified to suborder, family, or sub
family.

Water samples were taken from Station #1 and #3 and 
tested for turbidity once every two weeks throughout the 
sampling period. The samples were taken in clean, opaque 
1 liter containers and refrigerated at 5 C for 1-3 days 
until testing. Testing was done in a Hach Model 2100 
turbidometer. Three tests were done on each sample and 
the average was recorded. Station #2 was tested for tur
bidity only once (June 25); Station was not tested 
for turbidity.

Temperature was recorded each time turbidity samples 
were taken. This was done in the afternoon, between the 
hours of 1400 and 1700. Maximum-minimum thermometers were 
placed in each station on July 9. Reading of maximum and 
minimum temperatures attained during the previous 2-week 
period were recorded on July 22, August 8, and August 19.

Velocity readings were taken at the time and exact 
location each insect sample was taken. A Marsh-McBirney 
Model 201 velocity meter was used. Sampling at each station 
was done purposely at sites where the velocity was as close 
to 1.6 m/sec as possible.

The abundance of aquatic vegetation was noted August 19 
at each station.

Water samples were taken on September 1 and analyzed 
by the Chemistry Lab Bureau of the Montana Department of 
Health and Environmental Sciences for the following para
meters: nitrogen, phosphates, alkalinity, pH, and dissolved 
solids.
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Additional water samples taken September 1 were tested 
by the author for dissolved oxygen content. Samples were 
taken at Stations #1 and #3 at 0530 hr to measure low values 
and again at 1330 hr to measure high values of dissolved 
oxygen, 'Aiese times were chosen to correspond with the 
nocturnal use and diurnal production of oxygen by water 
plants.

e
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RESULTS

The numbers and types of insects collected are presented 
in Table 1. Population densities of Diptera, Coleoptera, 
Plecoptera and Trichoptera were highest at Station #1 for 
all three samplings (Pig. 11, 12, 13)« Of these, Dipterans 
were the most numerous, attaining a peak density of 362 
individuals in the 0.184m? sample. Pentaneura (Pig. 14) 
of the family Ohironomidae comprised 91.1% of the 362 
individuals, Ephemeroptera was the only order to show 
greater density in Station #3 than in station #1 in any 
sample.

Diversity of insects within taxonomic groups was deter
mined using the Shannon-Wiener diversity index. The formula 
for this is: H= -Sp^^log p£, where Pj_ equals the total num
ber of individuals in the taxonomic oategory divided by the 
total number of individuals in the order. The log base used 
was 10. This index was calculated for each order at each 
station. Trichoptera and Ephemeroptera were calculated 
using genus as the taxonomic category. Plecoptera, Diptera, 
and Coleoptera were calculated using family as the taxon.
The results are given in Table 2. No calculations were 
possible for Station #2 or #4 (with the exception of Eph
emeroptera at Station #2) because the formula will not work 
when all individuals sampled within an order are within the 
same genus (or family). The Shannon-Wiener index, as it is 
used in this thesis, can be used to compare the diversity 
of one order from station to station but should not be taken 
as a comparison of the diversity of one order to the next, 
because different taxons were used in the formula for differ 
ent orders. A large number for the diversity index (e.g., 
close to 1) indicates a relatively large degree of taxonomic 
diversity. A small number (e.g., close to 0) indicates that 
most of the insects collected were within a few major taxons

14
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Sphemeroptera and Diptera were most diverse in Station #3. 
Coleoptera, Plecoptera and Trichoptera were more diverse 
at Station #1. Of the orders classified to genus, Bphemer- 
optera was more diverse overall than Trichoptera. Of the 
orders classified to family, Plecoptera was the most diverse.

The number of insects in each order tended to increase 
as the season progressed, although Coleoptera and Ephemerop
tera reached peak numbers on July 22 and declined slightly 
by August 19 (Pig. 15, 16).

Different life cycle stages were identified. Pupae of 
Diptera and Trichoptera, and adults of Coleoptera were 
collected and counted. The number of individuals in advanced 
life cycle stages (pupae or aquatic adult) in each sample is 
given in Pig. 17. Percentages of advanced life cycle stages 
to total number of individuals in the order collected at 
each sampling were calculated. In each order, Station #3 
’’lags" behind Station #1 in these percentages, indicating 
that the insects in Station #1 are, as a population, farther 
along in their life cycles than the insects collected at 
Station #3.

The temperature of Station #1 averaged 19.0°C, 6.1C° 
higher than station #3. Station #1 had an average max
imum temperature of 23.3° C and an average minimum of 12.4* C; 
Station #3, 20*C and 8.7°C. The temperature range for each 
station is similar (10.90° and 11.30°, respectively) but 
Station #1 is consistently warmer than Station #3 (Pig. 18).

Station #1 was significantly more turbid than Station 
#3 throughout most of the summer (Pig. 19). This may be 
directly related to the return of debris-filled water from 
the irrigation route to the stream.

Velocity and depth of water at all stations declined 
each month (Table 3). The sudden drop In velocity at 
Station #1 between June 25 and July 22 could be attributed 
to increased use of water for irrigation.
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Macroscopic aquatic vegetation was minimal in Station 
#3 throughout the summer. The substratum of Station #1 
was almost entirely covered with aquatic plants in July 
and August. No measurements were taken on the kinds and 
density of the plants.

Station #1 was higher than Station #3 in nitrogen con
tent, total dissolved solids, and alkalinity (carbonate 
content). The pH of each station was similar. The phos
phate content of Station #3 was significantly higher than 
that of Station #1. The dissolved oxygen content of Station 
#1 and #3 was similar at 0530 hr (9.2 and 9.7 mg/1, respect
ively) but the oxygen content of Station #1 increased to 
10.05 mg/1 by 1330 hr while that of Station #3 decreased to 
9.3 mg/1 by 1330 hr.
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Table 1. Insects collected per 0.184m^ sample of
stream bottom, Stations #1, #2, #3, and #4, collected 
June 25, July 22, and August 19, 1979.

Taxon Station: #1 #2 ____ #3Date:6/25 7/22 8/19T/M 5/2^7/22 8/19 OT
Ephemeroptera (t) 7 11 25 16 13 103 82
Heptagenidae (t) 4 3*/9 0 11 13 64 56
Cinygmula
Hepxagenia

1 4 0 0 0 21 0
0 0 0 0 0 0 5

Tron 0 0 0 0 4 0 0
Xronodes 3 0 0 6 1 0 0
Ironopsis 0 2 0 5 0 43 51
Rithrogena 0 0 0 0 8 0 0

Baetidae (i) 3 2 25 5 0 39 26
Baetls 0 0 24 0 0 3 5
Saetisca 0 0 1 0 0 0 0
Ephemerella
species A 1 1 0 1 0 4 1
species B 2 1 0 1 0 32 19

Pseudooleon 0 0 0 0 0 0 1
Siphlonurus 0 0 0 3 0 0 0

Coleoptera (t) 6 93 85 1 0 0 7
Elmidae 6 56 69 1 0 0 6
Dysticidae 0 37 16 0 0 0 1
Plecoptera (t) 0 15 27 1 0 8 2
Nemourinae (t) 0 3 4 0 0 0 0
Nemoura 0 3 4 0 0 0 0
Perlodidae (t) 0 10 19 0 0 0 0
Arcynopteryx 0 10 19 0 0 0 0
Pteroarcidae (t) 0 1 4 0 0 0 0
Pteronarcella 0 1 4 0 0 0 0
Taeniopteryginae(t)0 1 0 0 0 1 0
Brachyptera 0 1 0 0 0 1 0

Perlidae (t) 0 0 0 1 0 0 0
Chloroperlidae (t) 0 0 0 0 0 7 2

Diptera (t) 1 170 362 1 0 4 27
Chironomidae (t) 0 8*/155 331 0 0 3 21
Pentaneura 0 191 331 0 0 3 21
Diamesinae* 0 4 0 0 0 0 0
Simulidae (t) 0 2 0 0 0 0 3
Simulian 0 2 0 0 0 0 3
Tipulidae* (t) 1 1 26 0 0 1 1
Empididae* (t) 0 2 0 0 0 0 2
Culicidae* (t) 0 0 3 0 0 0 0
Cyclorrhapha* (t) 0 2 2 1 0 0 0 oo

oo
oo

oo
oo

 ooo
oo

oo
oo

oo
 ooo

 ooo
o oo

oo
oo

o

(Table 1 is continued on the next page.)
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Table 1.Continued

Taxon S t a tion: #1
Date:6/25 7/22 8/19 6/25 6/25 7/22 8719

'richoptera (t) 15 106 146 4 5 39 32
Rhyacophilidae (t) 9 79 77 4 5 38 27
Glossoma 6 73 69 4 4 34 25
Rhyacophila 3 4 8 0 1 4 2
Protoptila 0 2 0 0 0 0 0

Hydropsychidae (t) 3 4 44 0 0 1 5
Hydropsyche 11 0 0 0 0 0 0
Arctopsyche 1 4 44 0 0 1 5
Cheematopsyche 1 0 0 0 0 0 0

Hydroptilidae (t) 0 12 9 0 0 0 0
Ochrotrichia 0 12 9 0 0 0 0
Brachycentridae (t)0 1 0 0 0 0 0
Brachycentrus 0 1 0 0 0 0 0
Philopotamidae (t) 0 7 1 0 0 0 0
Wermaldia 0 7 1 0 0 0 0

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O

♦Author unable to classify further
(t) = Total for the taxon named
X/Y : X (upper number) equals number not identified 

beyond that taxon
Y (lower number) equals total number of insects 
in that taxon.
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Pig. 11. Numbers of insects per 0.184m2 sampled on June 25» 1979
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Pig. 12. Numbers of insects per 0.184m2 
sampled on July 22, 1979
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C=Coleoptera
D«Diptera
E=»Ephemeroptera
P=Plecoptera
T=Trichoptera

C D E P 
Station #1 Station #3

Pig. 13. Numbers of insects per 0.184m2
sampled on August 19, 1979
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terans sampled August 19, 1979
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Table #2. The Shannon-Weiner Diversity Index as cal- 
• culated for Stations #1, #2, and #3. Ephemeroptera

and Trichoptera indices were calculated using genus 
as the taxonomic category; Plecoptera, Diptera and 
Coleoptera were calculated using family as the taxon.**

Insect Order Station #1 Station #2 Station #3
Diptera .150 * .338
Coleoptera .261 * .177
Plecoptera .390 * .141
Ephemeroptera .548 .604 .659
Trichoptera .523 * .115

*In these instances all insects collected at this site 
were within the same taxonomic category (genus or family). 
The Shannon-Weiner Index calculations will not work in 
such cases. However, the diversity can be assumed to be 
very low when only one taxon is represented.
**It should be noted that these figures cannot be com
pared from one order to the next unless the same taxon 
(e.g., genus or family) was used in calculating the 
index; i.e., in this case, Ephemeroptera may be com
pared to Trichoptera but not to Diptera, Coleoptera, 
or Plecoptera, and vise-versa.
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Station #1 Station #3
Pig. 17. Composition of the insect samples for Stations 
#1 and #3: numbers of pupae or adults compared to num
bers of larvae. Percentages = number of pupae or adults

number of total insects
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Table 3. Velocity and depth measurements for Stations 
$1, #2, #3, and #4, June 25-August 19, 1979.

• Data Station #1 Station #2 Station #3 Station #4
6/25 0.79 0.76 0.76
7/22 0.46 — 0.73 —
8/19 0.46 — 0.45 1.60

6/25 0.15 0.15 0.15
7/22 0.15 — 0.18 —
8/19 0.14 — 0.15 0.30

Table 4. Chemical analysis of Stations #1 and #3, 
sampled August 19, 1979.

Parameter Station #1 Station #3
Nitrates 0.14 mg/1 0.01 mg/1
Phosphates .005 mg/1 .018 mg/1
Carbonate ions 260 mg/1 164 mg/1
pH 8.36 8.34
Total dissolved solids 711juun/1 454 >um/l
Dissolved oxygen 0530 hr 9.20 mg/1 9.70 mg/1
Dissolved oxygen 1330 hr 10.05 mg/1 9.30 mg/1



DISCUSSION

The number of insects in each station increased with 
each sampling. This is a result of early summer matings 
which give rise to large numbers of larvae and nymphs in 
mid- or late summer. Trichoptera, Diptera, Plecoptera, 
and Ephemeroptera winter in immature stages (larvae or 
nymphs). At a time characteristic for the species, climate, 
and conditions (usually from early spring to late fall) 
they pupate, emerge as adults, mate, and die. There are 
exceptions to this general rule. Some Plecopterans emerge 
and mate in mid-winter. Some Dipterans and Trichopterans 
may complete more than one life cycle per year, giving rise 
to eerly and late summer "blooms” of insects. Other species 
(e.g., some Plecopterans) may spend 2-3 years as nymphs. 
Coleoptera winter as adults and mate at a specific time 
in spring or early summer.

The lagging of Station #3 behind Station #1 in percent
ages of pupae (Trichoptera and Diptera) or adults (Coleoptera) 
throughout the summer is most likely explained by tempera
ture differences. Metabolic rates vary directly with temp
erature, even within the same species (Pox 1934, 1937;
Walshe 1948). Thus, growth is slowed; pupation and emergence 
are later.

Temperature may also have an effect on the distribution 
of different insects, although this may be more as an in
direct effedt of oxygen requirements. Warm water holds 
less oxygen than cold water; thus, what may appear to be a 
preference for cold water may actually be a need for more 
oxygen.

The presence of vegetation greatly affects aquatic in
sect populations. Studies by Percival and Whitehead (1926) 
have shown that there are more animals In moss, rooted 
plants and filamentous algae than on bare stones. Plants 
offer shelter, food, and oxygen. The increased daytime

30
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levels of dissolved oxygen measured in Station #1 are a 
result of the photosynthetic activity of plants, and may 
support a greater number of insects than would otherwise 
be possible. The high numbers of Chironomidae (Pentaneura) 
larvae in Station #1 may be due in part to the water plants 
which afforded good shelter and attachment for the Chiro- 
nomidae cases. Coleoptera was also noticeably more abundant 
among the plants.

Plant growth is dependent on three important ions (po
tassium, nitrogen, and phosphate) and a long list of trace 
elements. Potassium has never been suspected to be the 
limiting factor in plant growth in natural waters (Hynes 1970) 
and was not tested in this study. Nitrogen and phosphate are 
often limiting factors in plant growth. Drainage from agri
cultural land produces large amounts of nitrate and phosphate 
in streams (Sawyer 1947) and the high nitrate may be respon
sible for the heavy plant growth in Station #1. -^he low 
phosphate oontent measured in Station #1 is probably a result 
of rapid uptake by the plants. Possible, then, phosphate 
is the limiting factor in the plant growth of Station #1.
The low nitrate content at Station #3 may be a factor in
volved in limiting significant plant growth in that area.

The nature of the substratum is an important factor 
in aquatic insect populations. As the type of substratum 
varies, so does the fauna. A substratum with varying sizes 
of rock presents complex and intermingling environments 
which may house very diverse insect populations in a small 
area. Especially, large rocks afford shelter to insects.
The substratum of the altered irrigation route at Station #4 
consisted of uniformly sized, small rocks which offered little 
protection from current. This may be one factor which pre
vents the successful recolonization of the altered route.
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The varying degrees of diversity at Stations #1 and #3 
indicated by the Shannon-Weiner Diversity Indices may be 
due in part to differences in the substratum. This index 
also indicates the relative stability of populations in 
a community; i.e., the more diverse a community is, the 
greater the ability of community structure to be unaffected

• by disturbance of its components (Brower and Zar 1977).
The uncalculable low diversity index for Station #2 for 
all orders except Ephemeroptera could be taken as an 
indication of community instability in that area.

Increased velocity probably had adverse effects on the 
insect populations of Station #4. Although many inverte
brates have an inherent need for current, either for res
piration or feeding purposes, a persistently high current 
mey make life intolerable for them, i.e., the young eggs, 
larvae and nymphs may all be literally swept away.

Depth of water, turbidity and dissolved solids in the 
water have significant effects on the benthic populations. 
These factors work together in reducing the amount or light 
that reaches the substratum. This retards plant growth 
with subsequent effects on the animal populations as dis
cussed above.

The effects of drought upon the benthos depends on the 
type of Insect and the regularity and severity of tne 
drought. In general, species which are in an active state 
(nymphs, larvae, and some aquatic adults) during the

® drought are killed. In a stream which dries up in mid- or
late summer, it will be the late-emerging insects that will 
be eliminated. Most aquatic insect eggs will survive in 
the dry period until it is time to hatch. There is no mech 
anism yet discovered which delays hatching. During an ex
tended drought, the larvae either fail to hatch or die soon 
after (Hynes 1958). Pupae and aquatic adults of different
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genera are able to survive drought, either by morphologi
cal or behavioral adaptations. When drought affects only 
part of a stream, that area may be recolonized after drought 
from areas which remained wet. It is not known exactly 
where the insects found in Station #2 on June 25 came from.
It is likely that they were a mixture of recolonizers from 
the headwaters and young from early spring matings.

The pH of Station #1 and #3 were very similar and It 
is doubtful that the pH was a factor In determining pop
ulation differences. The carbonate content (alkalinity) 
cannot be so easily discounted. Hynes (1970) states that 
’’water hardness is a controlling factor in the ecology of 
at least some stream invertebrates but that very often we 
have little idea as to how it operates.” Studies done on 
water hardness and insect populations have been confusing 
and sometimes invalid; one thing that has been clearly 
shown is that different species within a genus often have 
very different water hardness requirements (Hynes 1970). 
Despite the evident differences in the alkalinity between 
Station #1 and #3, it is difficult to generalize about 
the effects.

It is impossible to determine precisely the effects 
of the placer mining upon benthic insect populations of 
Confederate Creek because no studies were done prior to 
the raining. Some general conclusions, however, may be sur
mised. Dredging annihilates the benthic population of 
a stream. The substratum is changed and so when recoloni
zation occurs, it is likely to be different from the original 
fauna. If the rechanneled stream is swift and canal-like, 
the recolonization is likely to be retarded and may never 
reach the same numbers as the original colony. Although 
the mining on Confederate Creek was done several km upstream 
or the study area, the changed benthos of the dredged area
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may have caused changes in the benthos of the stations 
sampled; e.g., changing the numbers and composition of the 
insect populations available to recolonize the irrigation 
route and the portions of the natural stream bed which dry 
up.

In summary, the differences which were observed in the 
• number and composition of the benthic aquatic insect pop

ulations between Stations #1 , #2, #3, and #4 may have been 
due in part to the irrigation diversion. Some effects 
which may have changed the insect populations are: drought 
in portions of the natural stream bed which may not become 
successfully recolonized; creation of narrow, ewift-running 
irrigation channels which do not accomodate insect life; 
increased sediment load in the water returned from irrigation 
and inoreased drainage of phosphate and nitrates into the 
stream. This last effect may have been very significant 
in producing the high levels of aquatic plant growth and 
subsequent high levels of insect density observed at Station 
#1.

The differences between the benthic insect populationa 
of Station #1 and #3 cannot be attributed soley to irrigation 
diversion, however. Natural differences, such as temperature, 
substratum and stream velocity cater to different kinds of 
insects and are probably partly responsible for the pop
ulation differences which were observed.
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