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INTRODUCTION AND LITERATURE REVIEW

♦
Aquatic macroinvertebrates have been defined by Weber (11) 

to be "animals that are large enough to be seen by the unaided 
eye and can be retained by a U. S. standard No. 30 sieve 
(28 meshes per inch, 0.595 mm openings) and live at least 
part of their live cycles within or upon available substrates 
in a body of water or water transport system." In fresh water 
the major taxonomic groups of the macroinvertebrate community 
include insects, molluscs, annelids, flatworms, roundworms, 
and crustaceans. Macroinvertebrates may be carnivores, herb
ivores, or omnivores; they include deposit and detritis feeders, 
parasites, scavengers, grazers, and predators (11). The macro
invertebrate community is subject to seasonal variations in 
species presence, distribution, and relative abundance. Such 
variations play an important role in aquatic communities 
dominated by insects with life cycles of more than one 
non-aquatic stage (11).

The macroinvertebrates serve as a major energy link between 
the bacteria and algae (the "periphyton") and the fish. However,

• this food chain is not a single series of links, but a rather
complex pattern of interwoven relationships forming biodynamic 
cycles (8). The presence of pollutants stresses these intricate 
cycles, yet the overall energy chain is usually never totally
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destroyed. In studies of the effects of pollution, it is 
desirable for the researcher to concern himself with the 
whole web of life in a given aquatic community rather than with 
the effects of pollution on specific isolated levels, but 
invertebrates, like the periphyton, are capable of providing 
much information of the water quality status of streams by
themselves.

Patrick (8) has enumerated five ways in which pollution 
from wastewater treatment plants may affect the aquatic life of 
a stream. First, the wastes may deplete the oxygen supply 
of the water (dissolved oxygen) by causing an increase in 
the activity of bacteria, which metabolize the waste material, 
or by taking up oxygen to complete the oxidation process neces
sary to stabilize them. Second, waste materials and compounds 
may be actually toxic to aquatic life due to their nature, or 
the changes they may cause in the pH or osmotic pressure of 
the water. Third, alterations in temperature due to waste 
discharge may adversely affect aquatic life by creating a 
region of sudden temperature change in a stream or by altering 
physiological processes occurring in a very specific temperature 
range. Fourth, the physical characteristics of the waste mat
erial may be harmful. For instance, oils may coat gill struc
tures and inhibit proper respiration. And fifth, the waste 
material may alter the physical nature of the habitat of 
organisms by causing turbidity or blocking natural living areas.

Macroinvertebrates are differentially sensitive to such
effects of pollution. For this reason, they may serve as



indicators of water contamination (2). Since they have 
relatively long life cycles (up to three years, as compared 
to the average two-day cycle of diatoms) (2), and since they 
have limited mobility, the benthic community of macroinverte
brates exhibits characteristics influenced by environmental 
conditions of the recent past, "including reactions to 
infrequently discharged wastes that would be difficult to 
detect by periodic chemical sampling" (11). Therefore, 
studies of macroinvertebrate species diversity and relative 
abundance have the potential of yielding valuable information 
of water quality.

Prickly Pear Creek originates south of Jefferson City.
As it flows north, it is fed by a number of small streams 
including Spring Creek, Warm Springs Creek, Clancy Creek, 
and Lump Gulch Creek. Prickly Pear Creek flows through
East Helena and its mouth is located on the southwest shore
of Lake Helena. The stream has suffered from a variety of 
stresses imposed by man. Pollutants of Spring Creek have 
notably affected the water quality of Prickly Pear Creek, 
many of which have existed as a result of historic mining 
activities. Examples include increases in turbididty due 
to placer tailings and dangerous levels of arsenic, lead, 
iron, and manganese (3). In the construction of Interstate 
Highway 15 south of Helena to Boulder, Prickly Pear Creek 
had to be channeled straight; the velocity in this area
increased as a result. The ASARCO smelter in East Helena



has also had an impact on the stream by increasing levels 
of arsenic and sediment (3), and may very well have contri
buted to the loosely consolidated, sandy substrates noted 
at the test sites. It is evident that many stress factors 
are at work in Prickly Pear Creek.

The design of this experiment incorporates the idea of 
aquatic macroinvertebrates as pollution indicators into a 
study of the biological effects of the Helena Wastewater 
Treatment Plant effluent on Prickly Pear Creek. The treatment 
plant consists of two grit separators with a comminutor and 
bar screen, one primary clarifier, an ABF biological tower, 
an aeration basin, two secondary clarifiers, and a chlorine 
contact chamber (9). After leaving the chlorine chamber, 
the treatment plant effluent flows down a ditch and enters 
Prickly Pear Creek approximately 1.75 miles north of the 
plant. The use of artificial substrate samplers to collect 
the organisms provides a reliable sampling technique in order 
to study the macroinvertebrate community as they can standard
ize such important sampling variables as substrate type, 
surface area, and depth.

The complete monitoring of the effects of a sewage dis
charge on a stream such as Prickly Pear Creek should involve not 
only biological parameters, by physical parameters as well (1,6) 
Total suspended solids (TSS) concentrations are pertinent 
as they may relate to the food supply of the filter-feeding 
members of the macroinvertebrate community (6). Algal nutrient 
(nitrogen and phosphorus) measurements are important as they



relate to the streams potential for growth of aquatic plants, 
which are important sources of food and habitat for macro
invertebrates (2). Also, it is through these measurements 
that the quantity of un-ionized ammonia (NHyN), a very toxic 
compound, can be determined. Streamflow measurements can 
relate how much of these substances is being propogated. 
Dissolved oxygen (DO) content is important as it may indicate 
an oxygen stress due to the presence of incompletely oxidized 
organic waste material or increased metabolic rates of the 
bacteria population.

Bahls, et. al. (2) have determined that four orders 
of insects dominate the macroinvertebrate community structure 
of many streams in southwest Montana: Plecoptera (stoneflies), 
Kphcmeropteru (mayflies), Trichoptera (caddisflies), and 

Diptera (true flies). The pertinent exception to this is the 
macroinvertebrate community structure of Prickly Pear Creek 
near Lake Helena where a significant number of the miscella
neous organisms (which comprised 15.8% of the total macro
invertebrate fauna) were of the genus Asellus, order Isopoda, 
class Crustacea (2). This may be compared to the 1.1% miscel
laneous category found in Prickly Pear Creek at East Helena. 
Capp (5) noted that seasonal variation in the macroinvertebrate 
community structure of Prickly Pear Creek two miles north of 
Clancy included an increase in total population during the 
summer/fall transition, while Bahls, et. al. (2) have shown 

that the number of macroinvertebrate genera increased during



the spring/summer transition and dccresed during the suiiuner/f all 
transition in 1979 at Prickly Pear Creek at both East Helena 
and Lake Helena. Apparently there is little change during the 
winter months. These are important considerations when 
examining the macroinvertebrate community structure of this
stream.



METHODS AND MATERIALS

Half-inch hardware cloth was cut into twelve 8-inch by 
26-inch strips. Each strip was then bent into a cylindrical 
shape and fastened with 16-gauge galvanized wire. Twenty-four 
8-inch diameter circles were cut out of the hardware cloth.
A circle was fastened with the wire to one end of each cylinder
to form a basket. Each of the twelve baskets was filled with 
an equal amount of 1.5 to 2-inch gravel serving as the artifi
cial substrate, and then sealed with one of the twelve remaining
circles to form a closed basket. To the outside of each basket
was fastened an 8-inch piece of .75-inch PVC pipe, parallel to 
the cental axis of the cylinder, acting as a sleeve through 
which 3-foot sections of ,5-inch rebar could be inserted and
pounded into the river bed to offer support. (See Figure 1, 
page 8.) The sampler created in this manner is a modification 
of the one designed by Hilsenhoff (4).

On November 18, 1980, three sites were chosen along 
Prickly Pear Creek at which sample collection would occur.
A control station, Site 1, was chosen approximately fifty yards 
upstream (to the south) of the point at which the treatment 
plant effluent enters the stream. Site 2 was positioned 
approximately .25 miles downstream of the effluent point
where it was assumed that sufficient vertical and lateral



Figure 1. The Artificial Substrate Sampler Used in this 
Experiment. Twelve such samplers were placed 
at three sites in Prickly Pear Creek, and allowed 
to colonize over an 8-week period. This depiction 
lacks the gravel that would serve as the substrate 
Height is eight inches; diameter is eight inches.
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Figure 2. U. S. Geological Survey Map, East Helena Quadrangle, 
depicting the location of the Wastewater Treatment 
Plant and the locations of the Sampling Sites.
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plant, joining the creek between Sites 1 and 2.
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mixing had occurred to insure homogeneity. The final site, 
Site 3, was located approximately 3.3 miles downstream 
of the effluent point, to investigate the degree of natural 
recovery of the stream. Four samplers were located at each 
site, and were positioned in the stream so as not to eclipse 
one another. Sampler locations were chosen for similar depths 
(all were between 1.20 feet and 1.84 feet) and similar current 
velocities (all were between 1.35 fps and 2.30 fps), as 
suggested by Kittrell (7) and Brooks and Hilsenhoff (4).
(See Table 1, page 15.) Samplers were set on rocks found near 
each site to raise them at least three inches off the bottom
to prevent silt from accumulating and destroying the effect
of the substrate.

Temperatures were recorded at each site with a VWR 
Scientific Co. ASTM thermometer. The pll was measured at each 
site with a portable gel electrode pH meter. Unfiltered 
grab samples for algal nutrient quantification were collected 
in 1-liter plastic bottles and preserved with 4 mis. of 1+1 
H2SO4. Analyses were performed by the Chemistry Laboratory 
Division of the Department of Health and Environmental 
Sciences. Phosphate phosphorus was measured by the automated 
ascorbic acid method,, and total phosphorus was measured by 
persulfate digestion followed by the automated ascorbic acid 
method. Nitrate plus nitrite nitrogen was measured by the 
automated cadmium reduction method, and total ammonia was 
measured by the automated phenolate procedure. Un-ionized 
ammonia (NH^-N) was calculated on the basis of temperature,



pll, and the results of the ammonia analyses, using tables 
found in the report by Thurston, et. al. (10). Dissolved 
oxygen samples were taken with care using an underwater 
sampling tube to keep aeration at a minimum. The azide 
modification method determined the quantity of dissolved 
oxygen present. One-pint bottles were used to collect samples 
for total suspended solids measurement with a depth integrating 
type DH-43 suspended sediment sampler with a .25-inch orifice. 
Analysis was performed by filtration, evaporation at 105°C, 
and gravimetric determination. Streamflows were determined 
for the effluent and Sites 1 and 3 by stringing a tape 
measure across the stream and reading the mean current velo
city at more than ten, but less than twenty, intervals of 
equal distance across the width of the stream. A Marsh- 
McBirney Model 201 portable flow meter was used to read the 
velocities. By multiplying the mean current velocity by the 
depth and width of each interval by totaling the results for 
each interval, an accurate measurement of flow was possible. 
Streamflow for Site 2 was calculated by adding the measured 
flow for Site 1 to the measured flow of the effluent.

The samplers were left in place for about eight weeks, 
one week more than the seven-week maximum colonization period 
recommended by Brooks and Hilsenhoff (4). On January 13 and

• 15, 1981, the samplers were retrieved. A Surber sampler net

(a drift net) was positioned directly downstream of each sam
pler as they were lifted out of the water so as to catch any
organisms dislodged in the retrieval process. The samplers were



then opened and cleaned in the field by scrubbing material 
from the baskets and gravel in a plastic wash basin.
Organisms and debris were then concentrated with a sieve, 
placed in jars, and preserved in 70% ethanol. In the labor
atory the organisms were isolated from the debris, classified 
to genus where possible (See list of Manuals used for Classi
fication on page 31.), and counted. Dipterans of the family 
Chironomidae were not identified to genus due to the extreme 
complexity and time-consuming nature of the process, and keys 
were not available to classify the larvae of the family Empididae 
to genus.



RESULTS

*
On January 13 and 15, 1981, the samplers were retrieved.

At Site 1, Sampler 1 was buried under sand. Samplers 3 and 
4 were gone. Sampler 2 was the only one left intact. At 
Site 2, Sampler 2 was buried under sand. Sampler 3 was 
destroyed so that the substrate gravel had fallen out. Only 
Samplers 1 and 4 were left intact. At Site 3, Samplers 2,
3, and 4 were gone. Sampler 1 was the only one left intact.

The physical characteristics of each site for the 
November 18 and January 13 readings are given in Tables 1,
2, 3, and 4 on pages 15 and 16. Certain characteristics 
of the effluent ditch at its mouth on Prickly Pear Creek are 
given in Table 5 on page 17. The chemical characteristics 
of each site and the effluent ditch are given in Tables 6 
and 7 on the same page. The un-ionized ammonia concentrations, 
as calculated from the tables in Thurston, et. al. (10) , 
appear in Table 8, page 18.

The taxa and enumeration of organisms collected from 
each site are given in Tables 9, 10, 11, and 12 on pages 18,
19, 20, and 21. Relative abundance of major macroinvertebrate 
orders for each of the four samplers is shown by the pie graphs 
in Figure 3, page 22. Genus diversity (d), calculated by the 
Shannon-Weaver function, is presented by Lloyd, Zar, and Karr,

CARROLL COLLEGE LIBRARY 
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cited in Weber (11), as the following:

d=^(Nlog|ON-21nilogt0ni) .

Figure 3. The Shannon-Weaver diversity equation where 
C=3.321928 (to convert base 10 log to base 2 
[bits]), N=total number of individuals, and 
n£=total number of individuals of the ifch genus

Equitability (e), as determined by Lloyd and Ghelardi, 
in Weber (10), is given by the equation:

cited

Figure 4. The Equitability equation where 
s=number of different taxa in a 
group and s'z=the tabulated value 
from a hypothetical community.

Both d and e values are given in Table 13, page 23.

♦



Table 1. Physical Characteristics of the Sampling Sites.
Site 1 is just upstream of the effluent point. 
Sampler 1 is designated as the farthest one up-
stream at each site. Sampler 4 is the farthest
downstream at each site. Sampled 11/18/80.

Current
Location Velocity Depth pH Temperature
Site 1 - 11:00 AM 7.15 1.9°C

Sampler 1 1.85 f/s 1.74 ft
Sampler 2 1.95 f/s 1.84 ft
Sampler 3 1.40 f/s 1.38 ft
Sampler 4 1.95 f/s 1.95 ft

Site 2 - 12:30 PM 7.23 3.7°C
Sampler 1 1.35 f/s 1.40 ft
Sampler 2 1.85 f/s 1.50 ft
Sampler 3 1.80 f/s 1.35 ft
Sampler 4 1.50 f/s 1.4o ft

Site 3 - 2:00 PM 7.30 4.1°C
Sampler 1 1.60 f/s 1.20 ft
Sampler 2 2.05 f/s 1.22 ft
Sampler 3 2.30 f/s 1.45 ft
Sampler 4 2.00 f/s 1.48 ft

Table 2. Flows at Each of the Sites. Sampled 11/18/80.

Location Flow (cfs)
Site 1 57.9
Site 2 63.4
Site 3 64.7



Table 3. Physical Characteristics of the Sampling Sites.
Names are by the same convention as in Table 1. 
Sampled 1/13/81.

Current
Local:ion Velocity Depth PH Temperature
Site 1 - 1:30 PM 7.50 1.2°C

Sampler 1 Buried
Sampler 2 1.45 f/s 1.60 ft
Sampler 3 Gone
Sampler 4 Gone

Site 2 - 3:15 PM 7.20 1.4°C

Sampler 1 .65 f/s 1.32 ft
Sampler 2 Buried
Sampler 3 Destroyed
Sampler 4 2.15 f/s 1.27 ft

Site 3 - 3:45 PM 7.40 3.1°C

Sampler 1 .95 f/s .93 ft
Sampler 2 Gone
Sampler 3 Gone
Sampler 4 Gone

Table 4. Flows at Each of the Sites. Sampled 1/13/81.

Location Flow (cfs)
Site 1 28.7
Site 2 33.2
Site 3 42.5
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Table 5. Physical Characteristics of the Effluent at its 
Mouth on Prickly Pear Creek, for Dates Given.

Date pH Temperature Flow (cfs)
11/18/80 7.23 11.1°C 5.5
1/13/81 7.30 9.5°C 4.5

Table 6. Chemical Characteristics at the Sites and the 
Effluent Mouth. Sampled November 18, 1980. 
All values in mg/1.

Effluent
Parameter Site 1 Mouth Site 2 Site
Phosphate (as P) .026 5.70 .51 .51
Nitrate+Nitrite .36 .85 .42 .72

Nitrogen
Total Suspended 9.70 55.60 16.60 25.80

Solids
Phosphorus-total .026 6.80 .54 .55
Ammonia-total <.01 14.80 1.20 .97

(as N)

Table 7. Chemical Characteristics at the Sites and the 
Effluent Mouth. Sampled January 13, 1981.
All values in mg/1.

Effluent
Parameter Site 1 Mouth Site 2 Site 3
Phosphate (as P) .23 23.00 3.40 3.56
Nitrate+Nitrite .42 .25 .38 .84

Nitrogen
Total Suspended 27.60 53.90 173.00 42.90

Solids
Phosphorus-total .20 26.00 4.50 5.20
Ammonia-total <.01 16.00 1. 25 1.50

(as N)
Dissolved Oxygen 12.42 5.98 12.17 10.92
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Table 8. Un-ionized Ammonia Concentrations, for the Dates 
Given. Values are in mg/1.

Effluent
Date Site 1 Mouth Site 2 Site 3
11/18/80 0.000 . 0471 .00210 .00222
1/13/81 0.000 .0570 .00185 .00399

Table 9. Classifications and 
Collected from Site

Enumeration 
1, Sampler

of Organisms
2. PRA = Percent

Relative Abundance.
Order Family Genus Number PRA

Class Insecta
Plecoptera Pteronarcidae Pteronarcella 887 43.27

Pteronarcys 10 .49
Perlodidae Arcynopteryx 188 9.17
Perlidae Acroneuria 1 .05

Tr idiopter a liydropsychidae llydropsyche 186 9.07
Brachycentr idae Brachycentrus 41 2.00
Limnephilidae Onocosmoecus 22 1.07
Lepidostomatidae Lepidostoma 1 .05

Ephemeroptera Ephemerellidae Ephemerella 2 .10
Diptera Tipulidae Tipula 20 .98

Hexatoma 1 .05
Rhagionidae Atherix 4 .20
Empididae 1 .05
Chironomidae 681 33.22

Coleoptera Elmidae Rhizelmis 2 .10
Zaitzevia 1 .05

Dytiscidae Hygrotus? 1 .05
Class Crustacea
Amphipoda Gammaridae Hyalella 1 .05



• Table 10. Classifications and Enumeration of Organisms
Collected from Site 2, Sampler 1. PRA = Percent 
Relative Abundance.

Order Family Genus Number PRA

Class Insecta
Plecoptera Pteronarcidae Pteronarcella 794 38.05

Perlodidae Arcynopteryx 123 5.89
Isoperla 13 .62

Trichoptera Hydropsychidae Hydropsyche 171 8.19
Brachycentridae Brachycentrus 8 .38
Limnephilidae Onocosmoecus 8 .38

Hesperophylax 1 .05
Diptera Rhagionidae Atherix 6 .29

Simulidae Simulium 1 .05
Empididae 1 .05
Chironomidae 956 45.81

Odonata Gompnidae Ophiogomphus 1 .05
Coleoptera Elmidae Rhizelmis 1 .05

Dytiscidae Hygrotus? 3 .14
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• Table 11. Classifications and Enumeration of Organisms
Collected from Site 2, Sampler 4. PRA = Percent 
Relative Abundance.

Order_______ Family__________Genus______________Number PRA
Class Insecta
Plecoptera Pteronarcidae Pteronarcella

Pteronarcys
779

1
41.24

.05
Perlodidae Arcynopteryx 87 4.61

Trichoptera Hydropsychidae Hydropsyche 164 8.68
Arctopsyche 1 .05

Brachycentridac Brachycentrus 20 1.06
Limnephilidae Onocosmoecus 2 .11

Diptera Tipulidae Tipula 6 .32
Rhagionidae Atherix 2 .11
Chironomidae 824 43.62

Odonata Aeschnidae Aeshnea 1 .05
Coleoptera Elmidae Rhizelmis 1 .05

Dytiscidae Hyqrotus? 1 .05
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• Table 12. Classifications and Enumeration of Organisms
Collected from Site 3, Sampler 1. PRA = Percent 
Relative Abundance.

Order Family Genus Number PRA
Class Insecta
Plecoptera Pteronarcidae Pteronarcella 105 4.59

Pteronarcys 1 .04
Perlodidae Arcynopteryx 223 9.74

Trichoptera Hydropsychidae Hydropsyche 552 24.12
Brachycentridae Brachycentrus 7 .31
Limnephilidae Onocosmoecus 4 .17

Diptera Tipulidae Tipula 16 .70
Empididae 2 .09
Chironomidae 1349 58.93

Coleoptera Elmidae Rhizelmis 1 .04
Dytiscidae Hygrotus? 4 .17

Class Crustacea
Isopoda Asellidae Asellus 25 1.09
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Figure 5. Pie Graphs Depicting the Relative Abundance of
Major Macroinvertebrate Orders for Each.Sampler,



Genus Diversity (d) and : 
for Each Sampler. These 
tions of Figures 4 and 5 
are not included.

Equitability 
were calcula 
on page 14.

(e) Values 
ted by equa-
Chironomids

Location
Number 

of Genera d e
Site 1 
Sampler 2 17 1.68 .25
Site 2 
Sampler 1 13 1.58 .33
Site 2 
Sampler 4 12 1.27 .25
Site 3 
Sampler 1 11 1.69 . 36



DISCUSSION

Unfortunately, the samplers that were either washed 
away or ruined would have supplied a significant percentage 
of the date to be collected. Possibly, ice floating down the 
stream upset the rebar posts to which the samplsers were 
attached, and this may have destroyed the samplers or weakened 
them to the point where the stream could easily wash them away 
Hilsenhoff (4) recommends that no less than three samplers 
be retrieved per site in order to obtain fairly reproducible 
data. As a result, the communities of macroinvertebrates 
that colonized each sampler may not have been a representative 
sampling of the overall macroinvertebrate community structure 
at each site. Although two intact samplers were retrieved at 
Site 2, the number was less than the minimum recommended by 
Hilsenhoff. Nevertheless, I have tried to interpret the 
data as reasonably as possible.

By comparing Tables 1, 3, and 5 (pages 15, 16, and 17), 
it is evident that within a relatively short distance (about 
0.5 miles), the pH and temperature of Prickly Pear Creek are 
changed significantly. The differences between Site 1 and 
Site 2 on November 18, 1980 were about .1 pH units and 1.8C®, 
and on January 13, 1981 they were .3 pH units and . 2C°.
Also, the chemical characteristics on Tables 6 and 7 (page 17)



show significant changes between Sites 1 and 2. The phosphate 

and total phosphorus readings of November 18, 1980 show nearly 
a 2000% increase, while the total suspended solids concentra
tions are nearly doubled in the November 18, 1980 reading 
and show a 600% increase in the January 13, 1981 reading.
The total ammonia readings for both sampling dates are 
<.01 mg/1 (less than the sensitivity of the measuring pro
cedure) at Site 1 and increase to over 1 mg/1 by Site 2. As 
a result, the un-ionized ammonia concentrations at Site 2 both 
days show an increase over the 0.000 mg/1 readings at Site 1 
for both sampling dates (Table 8, page 18). It is interesting 
to note that quantities of un-ionized ammonia exceeding .20 mg/1 
have been shown to be harmful to seme forms of freshwater
aquatic life (9). Therefore, .016 mg/1 has been established 
as the criterion for safe un-ionized ammonia levels, being 
less than one-tenth of the .20 mg/1 toxicity level. Although 
the treatment plant's effluent level exceeds this amount, 
none of the sites along the stream showed particularly 
dangerous levels, due to seasonal effects of temperature and 
streamflow. However, the recommended instream percentage of 
soluble inorganic nitrogen (nitrate plus nitrite and total 
ammonia), .35 mg/1 (2), is exceeded by over 300% at Sites 2 
and 3 on both sampling dates, while at Site 1 it is exceeded 
by no more than 20% either day. This, coupled with the total 
phosphorus levels of over .5 mg/1 at Sites 2 and 3 on both 
sampling dates may result in nuisance growths of aquatic 
plants (2). The dissolved oxygen content (Table 7, page 17)
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is only slightly reduced between Sites 1 and 2, but is more 
significantly reduced between Sites 2 and 3. This may be 
partly due to an increase in temperature between Sites 2 
and 3, as a result of diurnal fluctuations and sampling 
intervals, but may very well be an indication of increased 
bacterial activity or the presence of incompletely oxidized 
as well. More critical problems with dissolved oxygen 
depression might be realized at warmer stream temperatures,
as in summer.

Although not enough samplers were recovered to present 
reliable data that could statistically be reproduced, Figure 3 
on page 22 indicates a trend. The graph for Site 1, Sampler 2 
serves as the control. The graphs for Site 2 show a decrease 
in the percentage of Plecopterans and a corresponding increase 
in the percentage of Dipterans. The graph for Site 3, Sampler I 

shows an even more dramatic increase in Dipterans, an increase 
in Tricopterans, and a continued decrease in Plecopterans.
The Plecopterans, listed by Weber (11), classified by other 
authors as to tolerance to decomposable organic wastes, were 
mostly intolerant, and at most facultative; but Pteronarcella 
and Arcynopteryx, the two most abundant Plecopterans in this 
project, were not listed individually by Weber. The Dipterans, 
as listed, fall into all three categories: tolerant, facultative, 
and intolerant. Since the Chironomids were not classified to 
genus, it must be assumed that the increase in their numbers 
is due to the presence of facultative and/or tolerant forms.
The corresponding increase in the percentage of Tricopterans



(mainly llydropsyche) may be indicative of organic pollution 
since some of these organisms are facultative.

I hesitate to make any statements concerning the actual 
numbers of individuals collected at each site. Had a 
sufficient amount of data been collected, it may have been 
possible to see a "toxic" effect of the effluent at Site 2, 
which may have included a decrease in the number of genera 
and d, and an increase at Site 3 in overall numbers of
macroinvertebrates due to nutrient enrichment or reduction 
of competition by elimination of sensitive forms. As it is, 
seventeen genera plus the Chironomids were collected at Site 1, 
thirteen genera plus the Chironomids and twelve genera plus 
the Chironomids were collected at Site 2, Samplers 1 and 4 
respectively, and eleven genera plus the Chironomids were 
collected at Site 3. A slight, decrease in the number of 
genera at Sites 2 and 3 is noted. An interesting point is 
the presence of twenty-five members of the genus Asellus 
in Sampler 1 of Site 3 (Table 12, page 21). This may be an 
indication of organic pollution, as species of this genus 
may be tolerant (11).

The diversity and equitability values serve as two more 
tools by which the quality of the aquatic environment may be 
measured. Relatively unpolluted streams have mean diversity 
indices ranging from 3 to 4, while streams receiving pollution 
may have indices ranging from .4 to 1.6 (Whilm, 1970, as cited 
by Bahls, et. al. [2j ) . Although all mean diversities seem to 
indicate Prickly Pear Creek as being polluted (Table 13, page 23),



a more reliable sampling size would be necessary before any 
judgement could be made. Note that even Site 1 shows a low 
index; this may indicate the macroinvertebrate community to 
be under stress even before the treatment plant effluent 
enters the stream, possibly due to the presence of pollutants 
or a poor "source" of macroinvertebrates to colonize the 
samplers as a result of physical limitations (e. g., habitat 
availability). The equitability index has been shown to be 
more sensitive to slight variations than the diversity index, 
and for unpolluted waters e may range from .6 to .8 (11).
Once again a larger sampling size would make the e calcula
tions in Table 13 more reliable. As they are, the e values 
also indicate the macroinvertebrate community to be under
stress even before the effluent enters the stream.



CONCLUSION

I suggest that for future studies, the artificial 
substrate samplers be used during summer months when the 
maximum colonization period as recommended by Brooks and 
Hilsenhoff (3) is only four weeks. Less chance of losing 
any of the samplers is gained this way. I also suggest 
that smaller samplers be constructed so as to reduce the 
number of organisms and facilitate the classification 
process. Weber (10) has suggested that the diversity index 
be used only when sample sizes are greater than one hundred 
organisms, but the sampler size could certainly be reduced

and still maintain this criterion.
Prickly Pear Creek in the area of the treatment plant

effluent has received the lowest classification for a
stream by the Montana Surface Water Quality Standards (8).
The effects of the Helena Wastewater Treatment Plant must
play an important role in the formation of the macroinverte
brate community of lower Prickly Pear Creek as well as in 

the general characteristics of the stream itself. Continued 
surveillance of its effects on the macroinvertebrate community 
is vital to an understanding of the full impact of the dis
charge on the environment.
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